3GPP TSG RAN WG1 Meeting #86

R1-167657
Gothenburg, Sweden 22nd - 26th August 2016
Agenda item:
7.2.12.2.2
Source:
InterDigital Communications
Title:
On Processing Time Reduction for sTTI
Document for:

Discussion and Decision
1
Introduction
In the sTTI WID [1], the following has been captured:
For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)
The following has been agreed for processing time reduction during sTTI SI:
Agreement:
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13

· Details are FFS

· A single minimum delay between UL grant and UL data and between DL data and DL HARQ feedback is recommended to be supported for a given sTTI length
Agreements:
· 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
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI

· k < 4 for slot based TTI. 

· 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

· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths

· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI

· FFS: semi-static or dynamic configuration of m, if introduced

· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k TTI for subframe-long TTI operation and short TTI capable UEs. 

· k = 4 is supported

· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this

· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded
In this contribution, we discuss on the processing time reduction for sTTI operation.
2
Discussions
As similar to the normal TTI operation, it has been agreed to use a single timing relationship between UL grant and sPUSCH and between sPDSCH and its associated HARQ-ACK transmission. For example, n+k rules may apply for those cases, where a UE may receive a UL grant and/or sPDSCH in sTTI n and its associated sPUSCH and/or HARQ-ACK transmissions in k sTTIs later. The k value should be determined based on the processing time and the maximum timing advance (TA) value supported for sTTI operation.
Assuming that the processing time can be linearly scaled down as the sTTI length gets shorter, k=4 can be used as a minimum value. However, the processing time is not linearly scaled down as some of the decoding process has a similar computational complexity irrespective of the sTTI length such as channel estimator, thus requiring k >4. On the other hand, a larger k increases the latency which is not desirable in this WI. Considering that 7 symbol sTTI length is supported, k=8 may result in a similar HARQ RTT as compared with normal TTI. Therefore, the maximum k value should be limited to a certain value (e.g., 6).  
For a given single k value, processing time is determined based on the maximum TA supported. Since the processing time is also a function of sTTI length, the maximum TA value should be determined based on the sTTI length. For example, the allowed maximum TA for a 2 symbol sTTI length should be shorter than that for a 7 symbol sTTI length as the processing time for 2 symbol sTTI is much tighter than that for 7 symbol sTTI.
Proposal-1: the maximum TA value can be different according to associated downlink sTTI length
Although the maximum TA is limited for sTTI operation, the processing time should be further reduced to minimize the HARQ RTT. Limiting the maximum TBS can help reducing processing time as turbo decoding complexity increased exponentially as the block size gets larger. A convolutional code can be used instead of turbo code for sPDSCH transmission as it can reduce the processing time significantly by sacrificing coding gain.
Other downlink transmission parameters can be also limited to relax the processing time requirement such as maximum transmission rank. Note that the MIMO decoding is another bottleneck at a UE receiver when a higher rank transmission is used. Therefore, the maximum transmission rank can be limited irrespective of the UE capability of MIMO operation according to the sTTI length.
Proposal-2: transmission parameters (e.g., TBS, rank) can be limited based on the sTTI length 
The maximum allowed TA can be also determined based on the UE processing capability. For a given maximum TBS, the processing time can be different per UE according to the UE implementation. Therefore, although a TA value for a UE configured with sTTI operation is larger than the maximum allowed TA, the UE still can handle the sTTI if the UE can finish the processing within the allowed time window. Thus, it is beneficial to take the UE processing capability into account for the maximum allowed TA determination.
Proposal-3: UE processing capability can be taken into account to determine the maximum TA in a UE-specific manner
Once the maximum TA is determined, an eNB scheduler may need to switch between short TTI and normal TTI according to the actual TA value for a UE. For example, if a TA value for a UE is above the maximum TA, the eNB scheduler should use normal TTI operation for the UE as the UE may not be able to process within the allowed time. However, the TA value in eNB scheduler and the actual TA value used at a UE transmitter can be different. The TA for a UE first indicated during RACH procedure and then updated through TA command which is carried via MAC CE. If a UE received the TA command from the MAC CE which is transmitted in PDSCH in physical layer, the UE transmits associated HARQ-ACK for the MAC CE. If ACK to NACK error occurs, the TA value assumed at the eNB can be different from the actual TA value used at the UE transmitter as TA command value is accumulated at a UE side.

Given that the TA value is different between eNB and UE, there is a potential issue that eNB scheduler still think the UE can process sTTI operation while the actual TA value for the UE is above the maximum TA value. Therefore, the TA value mismatch issue needs to be studied to avoid potential error cases.
Proposal-4: study the impacts on TA value mismatch between eNB and UE 
The supporting of CSI feedback with sTTIs may reduce the feedback delay which may provide more accurate CSI at the transmitter. However, the gain from reduced feedback delay could be marginal considering that 1 or 2ms delay reduction may not provide a significant gain while it requires standard efforts. Furthermore, there is no latency reduction benefit from the sTTI based CSI feedback while the CSI processing time should be extensively investigated as CSI calculation time will be almost same irrespective of the sTTI length. Therefore, if CSI feedback is supported with sTTI, the CSI search space should be limited to reduce the processing time which may require a significant standard efforts. 
As CSI is the same regardless of the TTI length, the CSI feedback from legacy TTI can be used for the downlink link adaptation of sPDSCH and/or sPDCCH. Therefore, it is not necessary to support separate CSI feedback for sTTI operation.
Proposal-5: CSI feedback is not supported for sTTI 
3
Summary
In this contribution, we discussed on the processing time reduction and maximum TA value limitation. From the discussions, we propose the followings:

Proposal-1: the maximum TA value can be different according to associated downlink sTTI length
Proposal-2: transmission parameters (e.g., TBS, rank) can be limited based on the sTTI length 
Proposal-3: UE processing capability can be taken into account to determine the maximum TA in a UE-specific manner
Proposal-4: study the impacts on TA value mismatch between eNB and UE 
Proposal-5: CSI feedback is not supported for sTTI 
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