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Proposed text for IEEE P802.16m/D3: Tproc Definition for HARQ Function
Ning Ding, Guan Yanfeng, Sun Bo
ZTE Corporation
1. Introduction
Regarding A-MAP relevance and HARQ timing in HARQ Functions section, how to inform the data burst processing time (Tproc) between AMS and ABS is not defined, neither the exact value of Tproc. The absence of a certain Tproc will make the A-MAP relevance and HARQ Timing unclear. This will lead to difficulty and complexity to further system implementation. 
In an implemented system, both ABS and AMS must know the Tproc of each other to calculate the HARQ timing schedule. If the Tproc could be a variable for different ABS or AMS in the system, a negotiation process needs to be designed for ABS and AMS to inform the TprocBS and TprocMS to each other. While a fixed TprocBS and TprocMS value for both ABS and AMS is relatively simple and practical.
2. Solution Advices
To define the data burst processing time (TprocBS and TprocMS), several principles need to be followed:

a) Accommodating with the hardware processing speed of AMS and ABS in real world. 
b) Minimizing the A-MAP relevance delay. When z, v or w equal to 1, the HARQ feedback or retransmission delay is quite long. So these cases should be avoided if possible. 
c) Deploying a unique Tproc value for TDD and FDD to simplify the implementation.
In SDD, a typical value for MS and BS processing delay is suggested as 1.23ms. And from practical perspective, it’s reasonable to request the processing ability of both AMS and ABS to be less than 1.23ms plus a delta, e.g. one subframe duration.
In a practical system, the Tproc for BS (TprocBS)and Tproc for MS (TprocMS)are typically calculated in term of subframe duration. While in systems with different frame structure, e.g. F=6, or 7, or 8, the time duration of a subframe is variable. It’s reasonable to define different TprocBS and TprocMS value with different frame structure, i.e. F. 

We propose the value of the processing time (TprocBS and TprocMS) to be 5m×3/8 = 1.875ms when F=8, 5m×2/7 = 1.43ms when F=7 and 5m×2/6 = 1.667ms when F=6. When transformed into subframe duration format, it is Tproc=3 when F=8, Tproc=2 when F=7, Tproc=2 when F=6. This scheme can make sure the delay to be close and bigger than 1.23ms.  The guard time for some cases, e.g. type-3 subframes, is also considered in above design. The suggested value of TprocBS and TprocMS are suitable for almost all cases.
Figure 1 below shows the difference between the TprocMS= 3 and 4 when F = 8, DL FDD mode. When TprocMS = 3 and N_TTI=1, the AMS just needs to wait 4 subframes. The HARQ Feedback of Frame i, Subframe 1 is sent in Frame i, Subframe 5. However, when TprocMS = 4 and N_TTI=1, and z =1, the AMS has to wait more than 1 frame before it can sent HARQ Feedback. The HARQ Feedback of Frame i, Subframe 1 is sent in Frame i+1, Subframe 5. The distance between DL basic assignment IE and subframe of feedback becomes much shorter if TprocMS = 3.
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Figure 1– Example of FDD DL HARQ timing for F=8
Figure 2 below shows the difference between the TprocMS = 2 and 3 when F = 6, DL FDD mode. When TprocMS = 2 and N_TTI=1, the AMS just needs to wait 3 subframes. The HARQ Feedback of Frame i, Subframe 1 is sent in Frame i, Subframe 4. However, when TprocMS = 3 and N_TTI=1, and z =1, the AMS has to wait more than 1 frame before it can sent HARQ Feedback. The HARQ Feedback of Frame i, Subframe 1 is sent in Frame i+1, Subframe 4. The distance between DL basic assignment IE and subframe of feedback becomes much shorter if TprocMS = 2.
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Figure 2– Example of FDD DL HARQ timing for F=6
Figure 3 below shows the difference between the TprocMS = 3 and 4 when F = 8,D:U=5:3, DL TDD mode. When TprocMS = 3 and N_TTI=1, the AMS just needs to wait 4 subframes. The HARQ Feedback of Frame i, DL Subframe 1 is sent in Frame i, UL Subframe 0. However, when TprocMS = 4 and N_TTI=1, and z =1, the AMS has to wait more than 1 frame before it can sent HARQ Feedback. The HARQ Feedback of Frame i, DL Subframe 1 is sent in Frame i+1, UL Subframe 0. The distance between DL basic assignment IE and subframe of feedback becomes much shorter if TprocMS = 3.
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Figure 3– Example of TDD DL HARQ timing for F=8, D:U = 5:3
Figure 4 below shows the difference between the TprocMS, TprocBS = 3 and 4 when F = 8, UL FDD mode. When TprocMS, TprocBS S = 3 and N_TTI=1, the AMS just needs to wait 4 subframes before it can send UL Data Burst. The ABS just needs to wait 4 subframes before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i, Subframe 5. The HARQ Feedback is in Frame i+1, Subframe 1. However, when TprocMS, TprocBS S = 4 and N_TTI=1, and v,w =1, the AMS has to wait more than 1 frame before it can send UL Data Burst. The ABS has to wait more than 1 frame before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i+1, Subframe 5. The HARQ Feedback is in Frame i+3, Subframe 1. The period of 1 transmission becomes much shorter if TprocMS, TprocBS S = 3.

[image: image5.emf]i-th  frame

01324567

IE Assignment t

Subframe index

UL

UL data burtst

DL

(i+1)-th  frame

01324567

HARQ 

Feedback

Subframe index

0132456701324567

i-th  frame

01324567

IE Assignment t

Subframe index

UL

DL

(i+1)-th  frame

01324567

Subframe index

UL data burtst

0132456701324567

01324567

Subframe index

01324567

TprocBS =4

TprocBS=3

(i+2)-th  frame

TprocMS=3

TprocMS =4

01324567

HARQ 

Feedback

Subframe index

01324567

(i+3)-th  frame


Figure 4– Example of FDD UL HARQ timing for F=8
Figure 4 below shows the difference between the TprocMS, TprocBS = 3 and 4 when F = 8, UL FDD mode. When TprocMS, TprocBS S = 3 and N_TTI=1, the AMS just needs to wait 4 subframes before it can send UL Data Burst. The ABS just needs to wait 4 subframes before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i, Subframe 5. The HARQ Feedback is in Frame i+1, Subframe 1. However, when TprocMS, TprocBS S = 4 and N_TTI=1, and v,w =1, the AMS has to wait more than 1 frame before it can send UL Data Burst. The ABS has to wait more than 1 frame before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i+1, Subframe 5. The HARQ Feedback is in Frame i+3, Subframe 1. The period of 1 transmission becomes much shorter if TprocMS, TprocBS S = 3.
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Figure 4– Example of FDD UL HARQ timing for F=8
Figure 5 below shows the difference between the TprocMS, TprocBS = 2 and 3 when F = 6, UL FDD mode. When TprocMS, TprocBS S = 2 and N_TTI=1, the AMS just needs to wait 3 subframes before it can send UL Data Burst. The ABS just needs to wait 3 subframes before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i, Subframe 4. The HARQ Feedback is in Frame i+1, Subframe 1. However, when TprocMS, TprocBS S = 3 and N_TTI=1, and v,w =1, the AMS has to wait more than 1 frame before it can send UL Data Burst. The ABS has to wait more than 1 frame before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, Subframe 1 is sent in Frame i+1, Subframe 4. The HARQ Feedback is in Frame i+3, Subframe 1. The period of 1 transmission becomes much shorter if TprocMS, TprocBS S = 2.
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Figure 5– Example of FDD UL HARQ timing for F=6
Figure 6 below shows the difference between the TprocMS, TprocBS = 3 and 4 when F = 8, UL TDD mode. When TprocMS, TprocBS S = 3 and N_TTI=1, the AMS just needs to wait 4 subframes before it can send UL Data Burst. The ABS just needs to wait 4 subframes before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, DL Subframe 1 is sent in Frame i, UL Subframe 0. The HARQ Feedback is in Frame i+1, DL Subframe 1. However, when TprocMS, TprocBS S = 4 and N_TTI=1, and v,w =1, the AMS has to wait more than 1 frame before it can send UL Data Burst. The ABS has to wait more than 1 frame before it can send HARQ Feedback. The UL Data Burst of IE Assignment in Frame i, DL Subframe 1 is sent in Frame i+1, UL Subframe 0. The HARQ Feedback is in Frame i+3, DL Subframe 1. The period of 1 transmission becomes much shorter if TprocMS, TprocBS S = 3.
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Figure 6– Example of TDD UL HARQ timing for F=8, D:U = 5:3
With our suggested TprocBS and TprocMS value above, the system performance will be improved by considering time delay and A-MAP relevance. For F= 8, TprocMS, TprocBS S = 3, the processing time is 5ms*3/8 = 1.875ms. For F= 7, TprocMS, TprocBS S = 2, the processing time is 5ms*2/7 = 1.43ms. For F= 6, TprocMS, TprocBS = 2, the processing time is 5ms*2/6 = 1.6667ms. So AMS just need to attain the requirement of 1.6667ms, then it can fit all ABS settings. 
In TDD mode, the TprocBS and TprocMS uses the same value as in FDD mode and these can simplifier the system configuration.
3. Reference
[1] IEEE C802.16m-09/0859, “Proposed Text of HARQ Protocol for the 802.16m Amendment”

[2] IEEE C802.16m-09/1130, “Proposed A-MAP Relevance and HARQ Timing for the IEEE 802.16m Amendment (Proposed Text for AWD)”

[3] IEEE C802.16m-P80216m_D3, “Advanced Air Interface (Draft 3)”
[4] IEEE C80216m-09/0034r2, “IEEE 802.16m System Description Document (SDD)”
1. 4. Text proposal 
[Insert below text in blue in line 43 on the page229, in 15.2.14.2.2, as follows:]

Each transmission time is represented by frame index and subframe index. The frame index shall range from 0 to 3. In FDD, the index of DL or UL subframe shall range from 0 to F-1, where F is the number of subframes per frame. In TDD, the index of DL subframe shall range from 0 to D-1, where D is the number of DL subframes per frame, and the index of UL subframe shall range from 0 to U-1, where U is the number of UL subframes per frame. TprocBS refers to the date burst processing time of ABS and TprocMS refers to the date burst processing time of AMS. The value of TprocBS and TprocMS depend on the value of F. TprocBS = 3 when F = 8, TprocBS = 2 when F = 6 or 7. TprocMS = 3 when F = 8, TprocMS = 2 when F = 6 or 7.
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