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1 Introduction
In RAN1#87, the following agreements were made for sPUCCH transmissions [1]:
Agreement:
Revised agreement from RAN1 #84bis according to the below (revisions are marked in red)

· A UE is expected to handle the following cases in the same carrier in a subframe 

· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and short TTI unicast PDSCH(s)
· Receiving legacy TTI non-unicast PDSCH (except FFS for SC-PTM) and legacy TTI unicast PDSCH(s)
Agreements:
· A UE can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or short TTI unicast PDSCH
· If the UE is indicating the capability of decoding PDSCH and sPDSCH assigned with C-RNTI/SPS C-RNTI in the same subframe for a given carrier

· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the PDSCH in addition to sPDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

· No special consideration is specified for overlapping of sPDSCH and PDSCH

· Otherwise
· If valid DL assignments are detected based on C-RNTI/SPS C-RNTI in PDCCH/EPDCCH for PDSCH and PDCCH/sPDCCH for sPDSCH in the same subframe for a given carrier, the UE should decode the sPDSCH and is not required to decode PDSCH

· UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH

In this paper, we discuss the design of UCI transmission on sPUCCH.  
2 Discussion
Since there may be different latency requirements in DL and UL, sPUCCH and PUCCH with the same or different types of UCI may collide in the same subframe. It requires high complexity to handing a lot of UCI combination cases and also power scaling method to support simultaneous transmission of PUCCH and sPUCCH. In addition, PAPR will increase for simultaneous transmission of PUCCH and sPUCCH. Considering the complexity of implementation and specification, simultaneous transmission of PUCCH and sPUCCH in the same subframe should be not supported.
Proposal 1: Simultaneous transmission of PUCCH and sPUCCH in one subframe is not supported.
HARQ-ACK transmission

Since a UE supporting sTTI can be dynamically (with a subframe to subframe granularity) scheduled with legacy TTI unicast PDSCH and/or sTTI unicast PDSCH, UE shall provide HARQ-ACK feedback for both PDSCH and sPDSCH, HARQ-ACK for DL sTTI (sAN for short)and HARQ-ACK for DL legacy TTI (AN for short) could be fed back in the same time. Generally there are three options as follows:

· Option 1: sAN on sPUCCH, and AN on PUCCH, separately.
· Require to specify simultaneous transmission of sPUCCH and PUCCH.

· Require power scaling between sPUCCH and PUCCH when power limited.

· Option 2: When there is only sAN, sAN is transmitted on sPUCCH, and when there is only AN, AN is transmitted on PUCCH. sAN and AN both on a selected UL control channel between PUCCH and sPUCCH if colliding.
· If PUCCH is selected, the latency of sAN will be increased which is not desired. In addition, it requires to specify how to shift the sAN to PUCCH when collision happens since PUCCH is already transmitted when sAN appears.

· If sPUCCH is selected, it requires to specify shifting the AN to sPUCCH or drop the AN when collision happens. If shift AN to sPUCCH, when PDSCH is missed, there will only sAN on sPUCCH at UE side but eNB expect that there will be both sAN and AN on sPUCCH, or when sPDSCH is missed, there will only AN on sPUCCH at UE side but eNB expect that there will be both sAN and AN on sPUCCH, which introduce ambiguity codebook size on sPUCCH at UE side and eNB side. There should be method to avoid the ambiguity. One simple method is to configure an additional sPUCCH resource for carrying both sAN and AN, so as to ensure that eNB can determine the codebook based on the sPUCCH resource to be detected. Another method is to always reserve fixed number of bits in codebook size for AN on sPUCCH. However, since AN may not always collide with sAN in the same subframe, the efficiency of sPUCCH is low and performance of sAN may be degraded since not all sPUCCH resource can be used for sAN transmission.
· There is no need to support specifying simultaneous transmission of sPUCCH and PUCCH in this option

· Option 3: AN is configured to be always transmitted on sPUCCH, sAN and AN are transmitted together on sPUCCH if colliding, the resource for the sPUCCH resource for sAN+AN could be different from the sPUCCH resource for sAN only or AN only, so as to ensure that eNB can determine the codebook based on the sPUCCH resource to be detected. 
· There is no need to support specifying simultaneous transmission of sPUCCH and PUCCH in this case.

· There is no need to support specifying the colliding case of sPUCCH and PUCCH since only sPUCCH will be used for both sAN+AN and single AN/sAN transmission.
Based on the above discussion, we prefer option 3 for HARQ-ACK transmission since it avoids specifying the complicated simultaneous transmission combination. In addition, since sSR and sP-CSI should be supported as discussed below, by using a UL control channel with same TTI length for sAN and AN, collision of PUCCH with AN and sPUCCH with sP-CSI/sSR can be avoided in option 3. 
Proposal 2: For a UE configured with sTTI and for dynamic switching between legacy TTI and sTTI, HARQ-ACK for DL legacy TTI shall be transmitted on sPUCCH, and an additional sPUCCH resource shall be used for carrying both sAN and AN when colliding. 

SR transmission

Since SR on sPUCCH (sSR for short) is supported, the periodicity and offset configuration for sSR should be defined so as to decide the sSR feedback position. Generally there are two Alternatives as follows:
· Alt 1: The periodicity and offset is configured as legacy with unit of subframe. One or more sTTI position in the SR subframe should be defined for sSR. Predefine or pre-configure one or more sTTI position in the SR subframe, positive sSR should be fed back in such sTTI position in the SR subframe.
· Alt 2: The periodicity and offset is configured with unit of UL sTTI. It should be further studied whether the legacy SR configuration table can be reused or new configuration table should be defined.

Based on the above discussion, either alternative can be considered for sSR while alt 2 has some benefit in reducing the latency of sSR procedure. If sSR is configured, the same sTTI length as sAN should be used for sSR so as to keep only one UL sTTI length. 

Proposal 3: Shorter (sTTI level) periodicity should be supported for SR transmission.

Proposal 4: The sTTI length of SR transmission should be the same as that of HARQ-ACK.
For one UE, if only sSR is configured, eNB cannot know the UL data in the UE buffer is latency critical or not, which means eNB cannot make an appropriate scheduling for the UE. In order to let eNB know what type of UL traffic is required from one UE as early as possible, both SR and sSR should be configured for a UE supports sTTI transmission in UL.
Proposal 5: Both SR and sSR should be configured for one UE configured with sTTI transmission in UL.
P-CSI transmission

If P-CSI on sPUCCH (sP-CSI for short) is not supported, when there is at least one sPUCCH in a P-CSI (using PUCCH) subframe, P-CSI may be dropped when colliding with HARQ-ACK assuming that sPUCCH+PUCCH is not support. This will increase the dropping probability of P-CSI which is not desired. Hence, sP-CSI should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and sP-CSI payload.

Proposal 6: P-CSI on sPUCCH should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and P-CSI payload.
The periodicity and offset configuration for sP-CSI should be defined so as to decide the sP-CSI feedback position. The two ways of periodicity and offset configuration as for sSR above can be used as well.
If sP-CSI is configured, the same sTTI length as HARQ-ACK should be used for sP-CSI so as to keep only one UL sTTI length. It is not necessary for the same UE to configure P-CSI with normal TTI since the channel state can be reflected by sP-CS if sP-CSI is configured.

Proposal 7: Shorter (sTTI level) periodicity should be supported for P-CSI transmission.

Proposal 8: The sTTI length of P-CSI transmission should be the same as that of HARQ-ACK.

Proposal 9: P-CSI with sTTI and normal TTI should be not configured simultaneously for the same UE.

3 Conclusions
Based on the above discussion, we have the following proposals:
Proposal 1: Simultaneous transmission of PUCCH and sPUCCH in one subframe is not supported.
Proposal 2: For a UE configured with sTTI and for dynamic switching between legacy TTI and sTTI, HARQ-ACK for DL legacy TTI shall be transmitted on sPUCCH, and an additional sPUCCH resource shall be used for carrying both sAN and AN when colliding. 

Proposal 3: Shorter (sTTI level) periodicity should be supported for SR transmission.

Proposal 4: The sTTI length of SR transmission should be the same as that of HARQ-ACK.
Proposal 5: Both SR and sSR should be configured for one UE configured with sTTI transmission in UL.

Proposal 6: P-CSI on sPUCCH should be supported and the design of PUCCH format 4/5 based sPUCCH format should be unified for HARQ-ACK and P-CSI payload.
Proposal 7: Shorter (sTTI level) periodicity should be supported for P-CSI transmission.

Proposal 8: The sTTI length of P-CSI transmission should be the same as that of HARQ-ACK.

Proposal 9: P-CSI with sTTI and normal TTI should be not configured simultaneously for the same UE.
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