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Introduction Caching Policy Optimization Simulation Results
Explosion of wireless data traffic User-experienced Playback Rate Simulation Setup
® Main driver: Video-on-demand (VoD) ® C(Cached part: ® Spectral etficiency of macro BS and helper: 3 and 5 bps/Hz.
Femtocaching - Access to helper, R,_ . = min{ R ., Rc 1} ® Bandwidth of macro BS and helper allocated to a video us-
® (ache popular videos at helpers without backhaul link. - Access to macro BS, R,_.r = Rp ... er: 0.2 and 2 MHz.
® Stream non-cached videos from macro BS. = R, wr = max{Rp ,,min{ Ry, Rc ¢}}- ® Single user case: Rp = 0.6 Mbps, Ry = 10 Mbps.
Caching policy ® Uncached part: can only access macro BS, R, .s = Rp 4. ® Multiuser case: Rp,, ~ U(2,20)Mbps
® Existing policy for file downloading service: minimize the average file Single User Case Ry ~ U(0.2,min{10 Mbps, Ry v })-
downloading delay. max azleq ¢ (zplog(1+ BR,. )+ (1 —z4)log(1 + BRE)) ¢ Requezj;ting probability of 30 videos follows Zipt distribu-
® Proposed policy for VoD service: {zy,Re s}T 1oy tion with parameter=0.56.
- maximize the average QoE of users with video rate adaptation i ® a=1 =10, w=1
- investigate how mugih ?ortion of which video files shmfld be cached at the 5t Rp;’f = max{Fp, min{ Ry, Rey 1}, v/ (1b) Fig 1. Caching policies designed for VoD (marked by *) and file
helper with what video rates. D fo1 TRefTy < C (1c) downloading (:;fgli?o?g@?ﬁgl f_ofghf::s(’)ﬁiﬁiff is 15, (31 = f)
Rc,f >0, Vf (1d) (1a) same T (2a) linearly decreasing T, (3a) random T
System Model 0<zp<1,Vf (1e) ! e ‘T T

- (1a): maximizing the average QoE of the user where the average

® Consider a femtocaching system with one macro BS and one helper.

is taken over the random request to the F video files.

® The helper can cache videos, and the user can request videos from both

macro BS and helper. - (1b): user-experienced playback rate for cached part.

Assumptions - (1¢): constraint on the storage size of the helper.

Problem Solving

® Jdeal backhaul at macro BS and infinite video quality levels.

o Rp < R,y < Ry insingle user case = R,_ ¢ = R. rin (1b).

® Processing capability of helper: convert high quality level to lower levels. . Ve, B |
e Convert problem (1) into convex by defining auxiliary variable

® Partial caching: the helper can cache a part of a video. _
Symbol deﬁn?tion ’ i o = Mgty 1 5 pt0t U9 g 10t 29 ;
Multiuser Case |
® Rp.: downloading rate from macro BS to user u, and Rp,, is larger than > SF (e log(1 4 BR " 1 L 2| 4t
the minimal video playback rate. {wfr,%?cf}f Tt Pl =1 Pt " 05) |
® Ry .:downloading rate from the helper to user u, and Ry, > Rp .. (1 —x4)log(l + BRB.)) (2a) O 0 a0 a0 Y0 10 a0 a0 Yo 10 so 3
® R. r:cached video rate of video f at the helper. st. R, w5 =max{Rp., min{Ry ., Rer}}, Yu, f (2b) file index file index file index
® R, .r:experienced playback rate of video f by user u for either cached or F Fig 2. Average QoE under the two caching policies, U = 10 and
p*’“fh dp ) piay J by D1 TfRe s Ty < C (2¢) T; ~ U(0, 30) min.
uncached part. . . . . .
non P o Rc,f > 07 \V/f (2d) 0.85
- *: "'c¢" for cached parts, "uc" for uncached parts.
: : 0<z; <1, VS (2e) 0.8
® 1 ¢: the cached portion of the video f. o | |
® g,: therequest probability of the video f. ) (2;)° max1fnt§1e the. W.etl ghtefi ;Tm ave.r ig(ei Q(?J]ti’h(ﬁlmultlple e : 7
, , where w,, is the priority weight associated wi e user u. o
® T¢: the playback duration of the video f. . “1 . P y WEs 3 O
® (: the storage size of helper. Pro’ em Solving oest /o
o QoE. .: QoF of ting the video f e Fix user access strategy: always access to the helper for the % VoD, updte sccessig
O uf OL Ol user u reques 1ng € v1deo CaChed part — Rpc,Uf — min{RH,u, Rc,f} ln (Zb) :;::z :S%sz:z::::g ;ir\)/{it:\s:::iiigg ]
- QoE,; = xyQoE, ,; + (1 —x5)QoE, e Convert problem (2) into convex by defining auxiliary variables - | | | T

- QoE model: QOE*,uf — Oleg(l + BR *,uf) Zf = foc,fa Yu,f = fopc,uf Vu, f 0 100 20C(3)ache S:?gg/Gbitgoo 500 600



