Page 1

3GPP TSG-RAN WG1 #87
R1-1611949
Reno, USA, 14th - 18th November 2016
Source: 
Intel Corporation 
Title:                     
On the processing time reduction for latency reduction
Agenda item:
6.2.10.2.6
Document for:
Discussion and Decision
1 Introduction
The revised WID [1] on shortened TTI and processing time for LTE was approved in RAN#73. One of the objectives is to study the impact on CSI feedback and processing time, and if needed, specify necessary modifications. The following agreements related to the processing time reduction were made in previous RAN1 meetings and captured in the relevant technical report [2]: 

· It is recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH).
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· Processing time >= the legacy processing time linearly downscaled with TTI length: 4 <= k <= 8
· Note that sTTI refers to 
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
In this contribution we discuss the details for processing time reduction and related aspects for sTTI operation. 
2. Discussion
The processing time of sTTI can be reduced with a reduction of TBS within the sTTI compared to legacy TTI to exploit the benefit of processing time reduction. As illustrated in FIG.1, the processing time and timing advance value has a direct impact on the DL HARQ feedback timeline and UL scheduling timeline. 
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Figure 1: Timeline of the sTTI operations 
Time advance is proportional to the distance to the eNB. Currently, the maximum TA value in LTE is 0.67 ms, corresponding to a UE-to-eNB distance of slightly more than 100 km. It is clear from the technical report [2] that the sTTI provides large benfits for good UEs and cell center UEs. However, cell-edge UEs have little benefit or may even experience performance degradation at all load points. Reducing the maximum TA value is motivated by this observation so that the overall latency for a given UE processing capability can be minimized, as depicted in FIG.1. More particularly, we think it is sufficient to support a maximum of 0.33 ms to cover 50 km cell size for sTTI operation. 
Proposal 1: The maximum TA supported by sTTI operation is reduced to 0.33 ms. 

It was agreed for FS1 in [2] to support the configuration that UL sTTI is longer than DL sTTI in order to gurantee the UL coverage. One open issue that RAN1 needs to address is how to define HARQ and scheduling timeline for relatively reduced combinatons of DL and STTI lengths. The DL HARQ timeline and UL scheduling timeline can be simply defined based on the indexed sTTIs. One example of sTTI combinations are provided in FIG.3, assuming at least 4 sTTI delay. 
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Figure 2: DL HARQ timeline and UL scheduling timeline for the 2-symbol and 4-symbol sTTIs. 
Proposal 2: Aim at having a subframe that is divided into the same number of DL and UL sTTIs corresponding to a given sTTI length 
Proposal 3: When DL and UL have a same sTTI length, one-to-one association between DL and UL sTTI are defined for DL HARQ operation and UL sTTI scheduling.  
3. Conclusions
In this contribution, we have discussed the issue of reducing processing time and provided detailed timeline for shorten TTI transmissions. In particular, the following is proposed: 
Proposal 1: The maximum TA supported by sTTI operation is reduced to 0.33 ms. 

Proposal 2: Aim at having a subframe that is divided into the same number of DL and UL sTTIs corresponding to a given sTTI length 

Proposal 3: When DL and UL have a same sTTI length, one-to-one association between DL and UL sTTI are defined for DL HARQ operation and UL sTTI scheduling.  
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