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1 Introduction
At the RAN1#85 meeting, the following agreements related to sPUCCH were achieved [1]:
Agreement:

· The following  sPUCCH formats are recommended to be supported 

· One sPUCCH format for HARQ-ACK and/or SR feedback for a serving cell

· sPUCCH format(s) for multiple HARQ-ACK bits, e.g. as in CA and frame structure type 2

· The amount of sPUCCH formats to support is depending on the maximum identified payload size to support

· sPUCCH format allows for multiplexing of HARQ-ACK and SR

· FFS: sPUCCH format supports CSI feedback
At the RAN1#87 meeting, the following agreements were achieved [2]:
Agreement:
· At least the following formats should be designed for sPUCCH:

· For sPUCCH supporting up to 2-bit HARQ-ACK and/or SR (if any)

· DMRS based demodulation for 7-symbol sTTI

· FFS on the formats and DMRS design for 2-symbol sTTI

· For sPUCCH supporting more than 2-bit HARQ-ACK and SR (if any)

· DMRS based demodulation for all sTTI lengths

· FFS on encoding methods
· FFS on sPUCCH with channel selection for up to 4-bit HARQ-ACK.
· FFS on support of frequency hopping
Agreement:
· 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
The contribution mainly discusses SR related issues, including SR design for sTTI and multiplexing of SR and other UCI types.
2 Discussion
2.1 SR design
In legacy LTE system, SR is used for requiring UL-SCH resource. Once eNB receives the SR, normally it will allocate UL-SCH resource for BSR transmission first, and then further allocate UL-SCH resource for UL data transmission based on BSR content. Based on latest agreements for sTTI, sPUCCH would support SR transmission. According to the agreements in the RAN1#84bis meeting, a UE can be dynamically scheduled with PUSCH and/or sPUSCH. That is, SR transmission for both PUSCH and sPUSCH may be needed for a UE capable of operating sTTI. For SR transmission, the following two options could be considered:
Option1: SR is only transmitted on sPUCCH for a UE capable of operating sTTI  
For a UE capable of operating sTTI, SR is only transmitted on sPUCCH. Once eNB receives the SR, it will allocate sPUSCH for BSR transmission, and then allocate the resource for sPUSCH or PUSCH according to the BSR content. That is, BSR will indicate whether sPUSCH or PUSCH is requested. For example, if BSR is for service in 2os, eNB will configure the UL-SCH with 2os, if BSR is for service in 1ms TTI, eNB will configure the UL-SCH with 1ms TTI. It can be expected that option 1 can achieve lower latency. 
Option2: Both sPUCCH and PUCCH can be used for SR transmission for a UE capable of operating sTTI  
Under this option 2, there are two possible options for SR procedure for PUSCH and sPUSCH.
· Option 2-1: Single SR procedure for both PUSCH and sPUSCH  
Under this option 2-1, SR can be transmitted on either PUCCH or sPUCCH, depend on the configured SR resource. For example, for a UE without coverage issue, sPUCCH resource can be configured, otherwise PUCCH resource can be configured. Alternatively, both sPUCCH resource and PUCCH resource can be configured, and then UE will use the first available SR resource (either PUCCH or sPUCCH) to transmit the SR if there is no coverage issue, and will just use the first available PUCCH resource for SR transmission if there is coverage issue. No matter whether SR is transmitted on sPUCCH or PUCCH, it can be used for request resource for both PUSCH and sPUSCH. One alternative is that BSR is used to differentiate request for PUSCH or sPUSCH. In this case, once eNB receives a SR, it will allocate either PUSCH or sPUSCH for BSR transmission, and then further allocate the resource for sPUSCH or PUSCH according to the BSR content. Another alternative is that SR information or different SR resources with same TTI length is used to differentiate PUSCH or sPUSCH. 
· Option 2-2: Separate SR procedure for both PUSCH and sPUSCH  
Both sPUCCH resource and PUCCH resource are configured to a UE capable of operating sTTI. SR transmitted on sPUCCH will be used for requesting uplink resource for sPUSCH, while SR transmitted on PUCCH will be used for requesting uplink resource for PUSCH.  
Compared with opiton2, option1 could achieve lower latency, but needs to further study whether there is coverage issue for this option. For option 2, it may result in higher latency, but it may provide the chance to solve coverage issue if it exists. Therefore, SR transmission for sTTI needs further study. 
Proposal 1: For SR transmission for a UE capable of operating sTTI, the following options can be further studied:  
· Option 1: SR is only transmitted on sPUCCH for a UE capable of operating sTTI
· BSR is used to differentiate request for PUSCH or sPUSCH
· Option 2: Both sPUCCH and PUCCH can be used for SR transmission for a UE capable of operating sTTI
· Option 2-1: Single SR procedure for both PUSCH and sPUSCH
· Option 2-2: Separate SR procedure for both PUSCH and sPUSCH  
In legacy LTE, resource of SR is determined by parameters sr-ConfigIndexes in time domain and sr-PUCCH-ResourceIndexes in frequency domain, the sr-ConfigIndexes determines SR period and the SR position in the period. In sTTI, how to configure SR resource needs further study. For example, sTTI length and sTTI index may need to be considered. 
2.2 Multiplexing of SR and other UCI type(s)
From the above discussion, SR could be transmitted on sPUCCH and/or PUCCH. Besides, the uplink control channel carrying other UCI, e.g., HARQ-ACK, is PUCCH or sPUCCH, which may depend on DL-SCH transmission time length. For example, the HARQ-ACK feedback of PDSCH corresponds to PUCCH and the HARQ-ACK feedback of sPDSCH corresponds to sPUCCH. Hence, there are two scenarios. One is that the resource of SR has the same time length with other UCI, e.g., HARQ-ACK. Another is that the resource of SR has the different time lengths from other UCI, e.g., HARQ-ACK.
Same TTI length for SR and other UCI type(s)
In legacy system, when the HARQ-ACK payload size is small, for example up to 2 bits, the HARQ-ACK is transmitted on PUCCH resource of SR when both SR and HARQ-ACK need to be transmitted in the same subframe. If the TTI length of SR and HARQ-ACK is the same, similar scheme could be used when HARQ-ACK is up to 2 bits. For example, if the HARQ-ACK corresponds to sPUCCH supporting up to 2-bit and SR resource is configured on sPUCCH supporting up to 2-bit, HARQ-ACK is transmitted on sPUCCH resource of SR when both SR and HARQ-ACK needs to be transmitted. For sPUCCH supporting more than 2 bits, it is possible that SR
can be transmitted on sPUCCH for HARQ-ACK transmission.  
Furthermore, as discussed in section 2.1, SR could be also used for requesting uplink resource for different TTI lengths. For sPUCCH supporting up to 2-bit or PUCCH format 1a/1b, SR resource index could be associated to the requested TTI length when HARQ-ACK are transmitted on SR resource. For sPUCCH supporting more than 2-bit or PUCCH format 3/4/5, the method of SR indicating requested TTI length resource could be further studied when multiplexing of HARQ-ACK and SR.
Proposal 2: HARQ-ACK is transmitted on SR resource when both HARQ-ACK and positive SR need to be transmitted simultaneously, and the SR resource has the same time length with HARQ-ACK resource, and the HARQ-ACK is transmitted on an sPUCCH supporting up to 2-bit or PUCCH format 1a/1b.
Proposal 3: SR is transmitted on HARQ-ACK resource when HARQ-ACK needs to be transmitted in an sTTI or TTI reserved for SR transmission, and the SR resource has the same time length with HARQ-ACK resource, and the HARQ-ACK is transmitted on an sPUCCH supporting more than 2-bit or PUCCH format 3/4/5.
Different TTI length between SR and other UCI type(s)
As discussed in [3], the collision of PUCCH and sPUCCH would happen. An example is shown in figure 1. For SR, it contains two cases: SR in sTTI collides with PUCCH, or SR in legacy TTI collides with sPUCCH. As discussed in [3], for the collision of PUCCH and sPUCCH, sPUCCH(s) should be transmitted and PUCCH is punctured on colliding slot(s) and/or symbol(s). As legacy LTE system, SR should have higher priority than CSI, and same priority with HARQ-ACK. Therefore, if SR is transmitted on sPUCCH and collides with PUCCH, then SR will be transmitted on sPUCCH with possible HARQ-ACK. If SR is transmitted on PUCCH with sPUCCH, then PUCCH would be punctured while SR will be transmitted on sPUCCH with possible HARQ-ACK. However, considering that whether SR would be transmitted on sPUCCH only or both PUCCH and sPUCCH still needs further study, how to handle the collision of SR with other UCI types needs further study.  
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Figure 1 Example of collision between PUCCH and sPUCCH
Proposal 4: Handling of collision between SR and other UCI type(s) needs further study when the SR resource has different time length with other UCI resource.
3 Conclusion

In this contribution, SR related issues are discussed, including SR design for sTTI and multiplexing of SR and other UCI types. Based on the discussion, we have the following proposals
Proposal 1: For SR transmission for a UE capable of operating sTTI, the following options can be further studied:  

· Option 1: SR is only transmitted on sPUCCH for a UE capable of operating sTTI
· BSR is used to differentiate request for PUSCH or sPUSCH
· Option 2: Both sPUCCH and PUCCH can be used for SR transmission for a UE capable of operating sTTI
· Option 2-1: Single SR procedure for both PUSCH and sPUSCH
· Option 2-2: Separate SR procedure for both PUSCH and sPUSCH  
Proposal 2: HARQ-ACK is transmitted on SR resource when both HARQ-ACK and positive SR need to be transmitted simultaneously, and the SR resource has the same time length with HARQ-ACK resource, and the HARQ-ACK is transmitted on an sPUCCH supporting up to 2-bit or PUCCH format 1a/1b.

Proposal 3: SR is transmitted on HARQ-ACK resource when HARQ-ACK needs to be transmitted in an sTTI or TTI reserved for SR transmission, and the SR resource has the same time length with HARQ-ACK resource, and the HARQ-ACK is transmitted on an sPUCCH supporting more than 2-bit or PUCCH format 3/4/5.
Proposal 4: Handling of collision between SR and other UCI type(s) needs further study when the SR resource has different time length with other UCI resource.
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