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1. Introduction
In the RAN #67 meeting, an LTE release 13 study item on latency reduction techniques for LTE was approved [1]. In the RAN1 #84 bis meeting, there were some discussions on PUCCH design for shortened TTI, but RAN1 could not reach a common consensus on the design. In this contribution, we show our view on some discussion points related to PUCCH design.
2. Discussion
2.1. Intra-TTI frequency hopping
When a certain function in LTE is newly deployed, one of the important requirements from the operators’ perspective is coverage where UEs can enjoy the function. Even when the shortened TTI function is introduced, the situation would not change, in other words, it is desirable to get wider coverage if at all possible. When the shortened TTI is applied to PUCCH in the UE, which is in power-limited condition, PUCCH coverage would shrink in comparison with legacy PUCCH. However, it is desirable to reduce the degree of coverage degeneration and allow a lot of UEs to enjoy the advantage of shortened TTI.
In legacy PUCCH, the intra-TTI frequency hopping by which frequency diversity gain can be expected is adopted to secure coverage of PUCCH. On the other hand, regarding PUCCH for the shortened TTI (sPUCCH), some contributions discuss applicability of the intra-TTI frequency hopping in conjunction with a design of PUCCH [2]
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[3]. Depending on sPUCCH TTI length, it might be difficult to design the sPUCCH format with the intra-TTI frequency hopping, but we should emphasize the above-mentioned coverage advantage and support the intra-TTI frequency hopping if at all possible.
Proposal 1: We should support the intra-TTI frequency hopping in sPUCCH if at all possible.
2.2. Multiplexing between sPUCCH and legacy PUCCH
The sPUCCH formats which are used for scheduling requests (SR) and the small payload size of HARQ-ACK should be multiplexed between different UEs because those information from a certain number of UEs could be accommodated on the same PRB.
On the other hand, if frequency resources for SR and the small size of HARQ-ACK between sPUCCH and legacy PUCCH are completely separated by PRB basis, it is not necessary to take care of the interaction between those resources, and it might lead to a reduction in the standardization effort. However, if frequency resources are prepared separately between sPUCCH and legacy PUCCH for SR and the small payload size of HARQ-ACK, the resources for PUSCH need to be reduced and the problem on PUSCH capacity might occur in very crowded urban areas. Therefore, it is desirable to be able to multiplex sPUCCH formats and legacy PUCCH formats for such information, but the feasibility of the multiplexing also depends on sPUCCH TTI length or sPUCCH design like the intra-TTI frequency hopping as in Sect. 2.1.
Proposal 2: We should support the multiplexing between sPUCCH formats and legacy PUCCH formats for small payload size if possible.
2.3. sPUCCH resources for HARQ-ACK
As mentioned in Sect. 2.2, regarding PUCCH/sPUCCH for HARQ-ACK of which payload size is small, it is desirable to multiplex between not only sPUCCHs of which delays from PDSCH transmissions for the shortened TTI (sPDSCH) to those HARQ-ACK feedbacks are different, but also sPUCCHs and legacy PUCCHs if at all possible. However, in that case, HARQ-ACKs for different UEs’ PDSCH/sPDSCH of which scheduling timings are different will be multiplexed as shown in Figure 1. Therefore, the scheduler needs to control PUCCH/sPUCCH resources for HARQ-ACKs associated to PDSCH/sPDSCH by DL assignment in the different scheduling timing to avoid PUCCH/sPUCCH resource collision.
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Figure 1: Example of multiplexing between sPUCCH and legacy PUCCH associated to PDSCH/sPDSCH in different scheduling timings.
Observation 1: sPUCCH resources for HARQ-ACK need to be controlled by DL assignment in the face of multiplexing.
2.4. sPUCCH for CSI reporting
The CSI reporting delay, which means the delay from the CSI measurement timing to its feedback timing, and the CSI reporting period affect the performance of downlink transmission. Therefore if the CSI reporting period does not change, we only have to consider the performance gain from the reduction in the CSI reporting delay. In the shortened TTI discussion, we are considering shortening the TTI from 1 ms to less than 1ms, and as the result, the reduction in the CSI reporting delay is within 1ms. Considering the spectrum frequency assumed in the LTE system, the impact from this shortening would be marginal, and discussions on the sPUCCH for other UCIs (HARQ-ACK and SR) should be prioritized.
Proposal 3: Discussion on sPUCCH for HARQ-ACK and SR should be prioritized.
3. Conclusion
In this contribution, we conducted some discussions on PUCCH for shortened TTI. In conclusion, we made the following observation and proposals:
Proposal 1: We should support the intra-TTI frequency hopping in sPUCCH if at all possible.
Proposal 2: We should support the multiplexing between sPUCCH formats and legacy PUCCH formats for the small payload size if possible.

Observation 1: sPUCCH resources for HARQ-ACK need to be controlled by DL assignment in the face of multiplexing.
Proposal 3: Discussion on sPUCCH for HARQ-ACK and SR should be prioritized.
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