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1. Introduction

During several RAN1 meetings, extensive discussions were occurred regarding the maximum value of timing advance for shortened TTI and processing time, but there was no consensus. In this contribution, we continue to discuss various aspects of maximum TA and processing time for 1ms TTI and sTTI operation.
2. Discussion
2.1. Maximum timing advance
Depending on UE capability or implementation, timing margin for maximum TA can be significantly large compared to overall processing time. In this stage, it can cause restriction on applicable network deployment scenario or UE to mandate a specific value for the maximum TA for shortened TTI for 1ms TTI or sTTI operation. Alternatively, it can be considered to introduce multiple UE capabilities in terms of representative TA value and its associated minimum processing time. In case of sTTI operation, UE can select a single representative TA value, and derive its minimum processing time for the given representative TA value. For instance, a certain UE can send capability of {67us, n+k} or {0.33ms, n+m} to network. In case, network will configure actual processing time or DL data-to-HARQ-ACK timing or UL grant-to-UL data timing no less than reported minimum processing time for given TA. After receiving UE capability of minimum processing time, network may autonomously derive or update the minimum processing time of UE depending on the current TA value. It does not preclude other factors (e.g. maximum PRB/TBS/Layer) to be considered for UE capability with respect to minimum processing time. 
Proposal 1: It can be necessary to introduce UE capability signalling in terms of representative TA value and the corresponding minimum processing time for the given representative TA for sTTI operation. 

Regarding shortened processing time for 1ms TTI, unlike sTTI operation, it supports only processing time of n+3, and there is no longer processing time for shortened processing time operation for 1ms TTI. In this point of view, it is preferred to support only maximum TA of 67 us together with processing time of n+3 for shortened processing time operation for 1ms TTI. Alternatively, to support maximum TA of 0.33 ms, further restriction (e.g. TBS/RB/layer) needs to be considered. For effective and efficient scheduling, it may need to introduce UE capability in terms of representative TA value and TBS, RB, and layer. For instance, UE can report maximum TBS, RB, and/or layer to have its minimum processing time of n+3 for a given TA of 0.33 ms. In case, network will perform scheduling based on the UE capability on TBS/RB/Layer. 
Proposal 2: For shortened processing time of n+3 for 1ms TTI, maximum TA of 67us is supported. For supporting longer maximum TA, further restriction or UE capability signalling in terms of representative TA value and TBS, RB, and layer needs to be taken into consideration. 
It could be happened that actual processing time of UE is less than minimum processing time of UE capability due to the TA variation or scheduling decision. In this case, the processing time for decoding (s)PDSCH or encoding (s)PUSCH will not be enough. Therefore, UE may skip decoding (s)PDSCH for that case or drop (s)PUSCH transmission. 
Proposal 3: It is necessary to investigate whether or how to handle the case where the actual processing time is less than minimum processing time based on UE capability. 

2.2. Processing time
2.2.1. Configuration of processing time for sTTI operation
For sTTI operation, depending on UE capability, network will configure processing time (e.g. DL data-to-HARQ-ACK timing and UL grant-to-UL data timing) to support a variety of UE with different UE capability on processing time. It is necessary to define whether the processing time of a UE will be configured dynamically or semi-statically considering specification works and usefulness. 
First of all, in case of dynamic configuration of processing time, sDCI scheduling sPDSCH or sPUSCH can indicate the processing time to be used. In case, HARQ-ACK associated with different sPDSCH can be transmitted on the same UL sTTI index. From UE perspective, since it would not be distinguished between sPDCCH missing at UE side and sPDCCH DTX at eNB side, it is necessary to handle the potential ambiguity problem on HARQ-ACK codebook size between eNB and UE. In case, maximum HARQ-ACK codebook size can be always assumed to be used regardless of actual scheduling. For instance, if the number of candidates for processing timing is 5(e.g. n+4, n+5, n+6, n+7, n+8), then the HARQ-ACK codebook size will be 10 for MIMO operation even though only a single TTI/transport block is actually scheduled. This approach seems inefficient in terms of sPUCCH overhead and sPUCCH detection performance. Alternatively, it can be considered to introduce dynamic codebook size adaptation as in eCA. However, it may cause sDCI overhead increases further due to codebook size indication as well as dynamic timing indication. Moreover, there is no strong motivation for a UE to configure various processing times within a short duration dynamically. In these points of views, it is not preferred to introduce dynamic processing time for sTTI operation. 

Another approach is to support semi-static configuration of processing time. In case, UEs can have different processing time, but a single processing time will be used for a UE once configured. Therefore, there is no ambiguity issue on HARQ-ACK codebook size between eNB and UE. Considering TA variation, the configured processing time can be larger than minimum processing time of a UE, but it can be handled by network decision. Considering TA variation with a length of 1 OS, it is equivalent to 21 km in distance. In our view, TA variation causing minimum processing time change is extremely corner case. If such a case is happened, UE may simply skip decoding sPDSCH or skip encoding and transmitting sPUSCH as mentioned earlier. 
Proposal 4: It can be considered that semi-static configuration of processing time or DL data-to-DL HARQ timing or UL grant-to-UL data is a baseline for sTTI operation. 
2.2.2. Processing time for different DL/UL sTTI length
For the case where DL and UL have the different TTI lengths, it is necessary to investigate how to define HARQ timing for DL and UL. A HARQ procedure for DL and UL commonly consists of ‘grant for data’, ‘data’, ‘HARQ transmission’ as described in Figure 1. 
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Figure 1: Example of HARQ procedure for DL and UL

For example, DL HARQ procedure consists of ‘DL assignment, ‘DL data’, and ‘DL HARQ feedback’, each of which consumes a certain amount of time. For ‘DL assignment, the total amount of time for channel estimation, blind detection, and contents interpretation at MAC layer is required after receiving the sPDCCH. According to the number of symbols of sPDCCH and structure of Reference Signal (RS), the required time for sPDCCH reception and channel estimation would be different. The longer one affects the total amount of time for ‘DL assignment’. In addition, sPDSCH decoding is required for ‘DL data’. For this case, the transmission mode (e.g., code block segmentation/layer/PRB) and structure of RS affects the required time for the sPDSCH decoding and channel estimation. The required time for ‘DL assignment’ and ‘DL data’ can be treated on the basis of DL TTI length. After decoding the DL data, HARQ-ACK states are decided at MAC layer and sPUCCH will be transmitted. The required time for sPUCCH transmission can be treated on the basis of UL TTI length. According to the agreements from RAN1#85 meeting, the minimum timing for DL data to DL HARQ and for UL grant to UL data is n + k sTTI. Therefore, if the shortened TTI length of DL and UL are different, the minimum timing for DL data to DL HARQ and for UL grant to UL data can be different. To simplify the timing, the determination of timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively. As DL TTI is equal to or smaller than UL TTI, in this case, the processing time budget on DL HARQ (A/N transmission) can be tight. To address this issue, it is considerable to adapt “k” depending on UL TTI.
Observation 1: The minimum timing for UL grant to UL data and for DL data to DL HARQ can be different.

Proposal 5: Timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively.

3. Conclusions

In this contribution, we discussed several aspects for maximum TA and processing time for shortened processing time for 1ms TTI and sTTI operation. Followings are our proposals and observation:  

Observation 1: The minimum timing for UL grant to UL data and for DL data to DL HARQ can be different.

Proposal 1: It can be necessary to introduce UE capability signalling in terms of representative TA value and the corresponding minimum processing time for the given representative TA for sTTI operation. 

Proposal 2: For shortened processing time of n+3 for 1ms TTI, maximum TA of 67us is supported. For supporting longer maximum TA, further restriction or UE capability signalling in terms of representative TA value and TBS, RB, and layer needs to be taken into consideration. 
Proposal 3: It is necessary to investigate whether or how to handle the case where the actual processing time is less than minimum processing time based on UE capability. 

Proposal 4: It can be considered that semi-static configuration of processing time or DL data-to-DL HARQ timing or UL grant-to-UL data is a baseline for sTTI operation. 

Proposal 5: Timing for DL data to DL HARQ and for UL grant to UL data can follow the shortened TTI length of DL and UL, respectively.
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