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1. Introduction

In RAN1#88 and 88bis, the agreements regarding sTTI length configuration and supported combinations of sTTI lengths in DL and UL were made as follows [1, 2]. 

	Agreement:
· Confirm working assumption on support for {DL,UL} sTTI combination {2,7}.

· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}

· FFS whether different sTTI combination can be configured for different PUCCH group
Agreement:

· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured

· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured


In this contribution, we discuss remaining aspects on sTTI length configuration of DL and UL. 
2. sTTI length configuration within a PUCCH group 
One issue regarding sTTI length configuration is how sTTI operation is configured to a UE for CA case. Two options can be considered as follows: per PUCCH group or per component carrier configuration. For sTTI configuration, the number of component carriers which can support sTTI operation should be taken into account. If per PUCCH group sTTI configuration is adopted, this may be too burdensome since once a UE is configured with sTTI operation for a PUCCH group, the UE should be capable of sTTI operation for all serving cells within the PUCCH group. On the other hand, if per CC sTTI configuration is adopted, a UE will monitor sPDCCH only for CCs configured with sTTI operation, which can help UE to save power consumption. In this sense, for sTTI operation, it would be preferable to have per CC sTTI configuration. 
Proposal 1: It would be preferable to have per CC sTTI configuration.
In addition, it may be beneficial to define UE capability signaling regarding the sTTI operation. For instance, the number of supported CCs for sTTI operation can be reported to the network (e.g., per band-combination and/or per TTI length/TTI length combination). 

Proposal 2: UE capability signaling for sTTI operation can be considered.

One issue resulting from per CC sTTI configuration is whether to allow 1ms TTI PUCCH transmitting HARQ-ACK corresponding to sPDSCH. Typically, a primary cell (PCell) is utilized for basic functions and configurations such as system information, RRC connection reconfiguration, common search space control signaling, handover, radio link failure monitoring, PUCCH transmission, etc. Thus, PCell often needs to support 1ms TTI operation especially for UL due to coverage issue. Considering DL CA and UL non-CA case, this situation should be taken into account. 
One possible approach is to allow 1ms TTI PUCCH transmitting HARQ-ACK corresponding to sPDSCH. Then, we can consider the case where PCell is not configured with sTTI operation while some of SCells are configured with sTTI operation. For sPDSCH of those SCells configured with sTTI operation, HARQ-ACK transmission via PCell 1ms TTI PUCCH will be allowed. 
Another approach is to support (2,14) and (7,14) also as candidate TTI length combinations. Then, in case PCell cannot support UL sTTI, PCell still can choose either (2,14) or (7,14). It means that PCell still can be configured with sTTI operation, however, the possible TTI length combination of all cells configured with sTTI operation for the PUCCH group needs to be fixed to either (2,14) or (7,14).

Proposal 3: Whether/how to support 1ms TTI PUCCH transmitting HARQ-ACK corresponding to sPDSCH needs to be further specified.
For DL only SCell within a PUCCH group, it would be desirable to enable sTTI operation for the cell. In this sense, sTTI configuration for the DL only SCell will be applicable to DL, and DL sTTI length will follow that of the selected TTI length combination for the PUCCH group. For example, if (7,7) is configured for a PUCCH group, DL only SCell within the PUCCH group configured with sTTI will have the DL sTTI length of 7. 
Proposal 4: For DL only SCell within a PUCCH group, sTTI operation can be configured and DL sTTI length will follow that of the selected TTI length combination for the PUCCH group.

If per CC sTTI configuration is introduced, then there will be an issue regarding cross-carrier scheduling with scheduling CC configured with sTTI and scheduled CC not configured with sTTI or vice versa. It seems quite questionable on necessity to support DL 1ms TTI PDSCH scheduled by sTTI sPDCCH and UL 1ms TTI PUSCH scheduled by sTTI sPDCCH. For simplicity, one possible solution is to allow cross-carrier scheduling only when both scheduling and scheduled CCs are configured with sTTI or when both scheduling and scheduled CCs are not configured with sTTI. 
Proposal 5: Cross-carrier scheduling is only allowed when both scheduling and scheduled cells are configured with sTTI or when both scheduling and scheduled cells are not configured with sTTI.

3. sTTI length configuration across PUCCH groups 
Another consideration point is whether to allow different sTTI length combinations for different PUCCH groups. Considering the CA deployment scenario #4 where macro provides wider coverage and RRHs offer throughput improvement, configuring different UL sTTI lengths per PUCCH group can be one of important use cases which should be taken into account. In this sense, it would be reasonable to support different sTTI length combination for different PUCCH group. 

If different sTTI length combination for different PUCCH group is allowed, the most challenging issue seems UL power control. Across PUCCH groups, dual connectivity and eCA PUCCH group framework can be mostly reused where some further clarification is necessary for power control. In dual connectivity, depending on the possibility of supporting look-ahead which is highly related to processing time or not, PCM1 and PCM2 can be configured where different priority rule is applied. Due to different processing time of sTTI and TTI, look-ahead on sPUSCH may not be always feasible (e.g., If 2-OS sPUSCH is scheduled at sTTI #3 in subframe #n-1 with k+8 timing, then it will be transmitted at sTTI #5 in subframe #n. If there are PUSCH scheduled in subframe #n by UL grant in subframe #n-4, it may not be possible to adjust the power of PUSCH in subframe #n in case of power-limited state due to lack of processing time). This can be handled in a similar manner of PCM2 for the simplicity. It is noted that this issue is present even though the same sTTI length combination is configured across PUCCH groups since 1ms TTI UL channel can always occur in either PUCCH group when sTTI UL channel is to be transmitted in another PUCCH group. (Or, there can be serving cells not configured with sTTI operation.) Thus, power control issue due to different sTTI lengths anyhow needs to be addressed. When PUCCH group is supported with sTTI operation, unless UCI piggybacking across PUCCH group is supported, to guarantee some power remained for sPUSCH/sPUCCH, even in CA, guaranteed power allocation across PUCCH group seems necessary. Figure 1 illustrates this issue. 
Proposal 6: Different sTTI length combinations for different PUCCH group should be supported.
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Figure 1. Illustration of power control issue with PUCCH groups having different UL TTI lengths
4. Conclusions

In this contribution, we discussed remaining aspects on sTTI length configuration of DL and UL. Based on the above discussions, our proposal is given as follows:

Proposal 1: It would be preferable to have per CC sTTI configuration.

Proposal 2: UE capability signaling for sTTI operation can be considered.

Proposal 3: Whether/how to support 1ms TTI PUCCH transmitting HARQ-ACK corresponding to sPDSCH needs to be further specified.

Proposal 4: For DL only SCell within a PUCCH group, sTTI operation can be configured and DL sTTI length will follow that of the selected TTI length combination for the PUCCH group.

Proposal 5: Cross-carrier scheduling is only allowed when both scheduling and scheduled cells are configured with sTTI or when both scheduling and scheduled cells are not configured with sTTI.

Proposal 6: Different sTTI length combinations for different PUCCH group should be supported.
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