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1. Introduction

In RAN1 #90 meeting, following agreements and working assumptions were made on sPUCCH [1]:

	Agreement:
The sequence-based sPUCCH w/o DMRS is supported for up to two HARQ-ACK bits in 2OS sTTI and 3OS sTTI.

· ACK/NACK information map to different sPUCCH resource

· NOTE: sPUCCH resource consist of RB index and cyclic shift

· The cyclic shifts on different sPUCCH symbols can be different due to cyclic shift randomization 
· Cyclic shift randomization is re-used from 1 ms operation to support multiplexing with legacy PUCCH
· Only frequency hopping between sPUCCH symbol(s) is supported (no FH is not supported). 
· 1 RB allocation per symbol
· Hopping pattern for 3-OS sPUCCH (i.e., sTTI#0 and sTTI#5) is {1|2} where | is a hopping boundary.
Agreement:
· When positive SR and HARQ-ACK are to be transmitted on 1-slot sPUCCH in the same sTTI,

· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for SR;

· For sPUCCH format carrying more than 2 bits HARQ-ACK, SR and HARQ-ACK are transmitted on sPUCCH resource for HARQ-ACK.

· When there is negative SR:

· For sPUCCH format carrying up to 2 bits HARQ-ACK , HARQ-ACK is transmitted on sPUCCH resource for HARQ-ACK;

· For sPUCCH format carrying more than 2 bits HARQ-ACK, SR and HARQ are transmitted on sPUCCH resource for HARQ-ACK.

Agreement:
· When positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, one of the options can be supported:

· Two sPUCCH resources are configured for SR+HARQ and two sPUCCH resources are configured for only HARQ.

Agreement:
· One of four sPUCCH resources configured by higher layer is indicated by a 2-bit field in sDCI1 at least for the following sPUCCH formats, 

· 2/3-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 

· 7-OS sPUCCH format(s) carrying more than 2 bits ACK/NACK + SR (if any) 

· 7-OS sPUCCH format carrying up to 2 bits ACK/NACK

Agreement:
· For 2/3-OS sPUCCH format carrying up to 2 bits ACK/NACK, one of four sPUCCH resource groups configured by higher layer is indicated by a 2-bit field in sDCI1. Each group contains 2 or 4 sPUCCH resources (depending on the expected number of HARQ-ACK bits) configured by higher layer. 

Agreement:
· For PF4-based 7-symbol sPUCCH

· Hopping is supported

· {D R D | D D R D} for the first slot, {D R D D | D R D} for the second slot

Agreement:
For 7-symbol sPUCCH format for more than 2 bits, PF3-based 7-symbol sPUCCH is supported in addition to PF4-based 7-symbol sPUCCH.

Agreement:
· For PF3-based 7-symbol sPUCCH hopping is not supported

Agreement:
· Channel coding for 7-symbol sPUCCH

· Up to 11 bits: Single RM coding

· 12-22: Dual RM

· More than 22 bits: TBCC+8bit-CRC

Agreement:
· For 1-slot sPUCCH format 4 the number of RBs is signaled by higher layer signaling and can be configured between 1 to 8.


Based on these agreements, we discuss remaining issues on the sPUCCH design aspects.
2. Discussion
2.1. sPUCCH format carrying up to 2 bits HARQ-ACK and SR (if any)

Before resolving how to transmit SR and 2-bit HARQ-ACK on 2/3-OS sPUCCH in the same sTTI, it seems necessary to specify scenarios for 2 bit HARQ-ACK transmission on sPUCCH. Three scenarios can be considered:

· The 2 bit HARQ-ACK is from 2 codewords of sPDSCH.

· The 2 bit HARQ-ACK is for 2 carriers.

· The 2 bit HARQ-ACK consists of 1 bit sHARQ-ACK and 1 bit HARQ-ACK due to collision between 1ms TTI and sPUCCH.
For the first scenario, if the working assumption that only 1 codeword is supported for sPDSCH is confirmed, this will not happen. For the second and third scenarios (and also for the first scenario if WA is not confirmed), it would be desirable to have a common handling to transmit SR and 2-bit HARQ-ACK on 2/3-OS sPUCCH in the same sTTI for facilitating UE implementation. For simplicity, we prefer the similar handing as the case where SR and 1-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in the same sTTI (i.e., two sPUCCH resources are configured for SR+HARQ and two sPUCCH resources are configured for only HARQ.). More specifically, four sPUCCH resources are configured for SR+HARQ and four sPUCCH resources are configured for only HARQ. 

Proposal 1: In case SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in the same sTTI, four sPUCCH resources are configured for SR+HARQ and four sPUCCH resources are configured for only HARQ.
Considering that a UE can be configured with either hopping or non-hopping for 7-OS sPUCCH for up to 2 bits, collision handling of 7-symbol sPUCCH and SRS may need to be addressed. In legacy LTE, the following UE behaviours were defined when PUCCH and SRS are to be transmitted in the same subframe:

· Single cell case
· If simultaneous transmission of A/N and SRS is configured, shortened PUCCH and SRS are transmitted.

· Otherwise, normal PUCCH is transmitted and SRS is dropped.
· CA case (PCell PUCCH and SCell SRS)

· In case a UE is not configured with multiple TAGs, the same handling as single cell case is applied.

· In case a UE is configured with multiple TAGs and the UE is not power-limited, normal PUCCH and SRS are transmitted. In case a UE is configured with multiple TAGs and the UE is power-limited, normal PUCCH is transmitted and SRS is dropped.
In case of hopping case, since the second chunk of sPUCCH in the second slot consists of three symbols, only two symbols will be available if the sPUCCH is rate-matched around SRS, which may induce performance degradation of the sPUCCH considering the impact due to the power transient period for SRS. Thus, for hopping case, some exception rule can be applied. Simply, it can be considered that at the second slot SRS is dropped and 7-OS sPUCCH is transmitted regardless of whether the UE is configured with simultaneous transmission of A/N and SRS. Similarly, this rule can be applied to PF4-based 7-OS sPUCCH which is always in hopping mode. 
Proposal 2: For non-hopping 7-OS sPUCCH format carrying up to 2 bits, the legacy behaviour is applied when sPUCCH and SRS are to be transmitted in the same sTTI. For hopping 7-OS sPUCCH format carrying up to 2 bits, SRS is dropped and sPUCCH is transmitted regardless of whether the UE is configured with simultaneous transmission of A/N and SRS. 
Proposal 3: For PF4-based 7-OS sPUCCH, SRS is dropped and sPUCCH is transmitted regardless of whether the UE is configured with simultaneous transmission of A/N and SRS.

2.2. sPUCCH format carrying more than 2 bits

Given the remaining time for this WI, it would be undesirable to introduce new feature unless it is found to be essential. IFDMA seems somewhat additional feature and may be beneficial but not essential. Furthermore, if IFDMA is supported for PF4-based 2/3-OS sPUCCH carrying more than 2 bits, then various aspects to be resolved will be followed such as how/when to enable IFDMA, how to indicate comb index, etc. In this sense, we prefer not to support IFDMA for PF4-based 2/3-OS sPUCCH format carrying more than 2 bits.
Proposal 4: For PF4-based 2/3-OS sPUCCH format carrying more than 2 bits, IFDMA is not supported.
So far we have two 7-OS sPUCCH formats for carrying more than 2 bits as follows:

· PF3-based sPUCCH with non-hopping and RM
· PF4-based sPUCCH with hopping and TBCC
If the performance of PF3-based sPUCCH with non-hopping is problematic for supporting up to 11 bits, one solution is to support “sPUCCH format with hopping and RM coding”. Then the question is what the definition of “sPUCCH format with hopping and RM coding” is. Recalling the format selection between PF3 and PF4 in 1ms TTI was the payload size, also this should be reused for format selection of sPUCCH. In this sense, “sPUCCH format with hopping and RM coding” should be PF3-based sPUCCH if it is necessary for payload size of up to 11 bits. Thus, if needed, PF3-based sPUCCH with hopping and RM coding can be supported, and obviously CDM will not be supported since OCC will not be applied to this format anymore. And, eNB can choose between PF3-based sPUCCH formats with hopping and with non-hopping according to scheduling decision (e.g., multiplexing gain vs. frequency diversity gain). For more than 11 bits, since we have already “PF4-based sPUCCH with hopping and TBCC” and it can be shown that the performance difference between “PF4-based sPUCCH with hopping and TBCC” and “PF3-based sPUCCH with hopping and RM” is marginal, there is no reason to introduce the duplicated feature. In summary, the format selection should be dependent on payload size as legacy: 
· 1-2 bits: PF1-based 7-OS sPUCCH with non-hopping or with hopping
· 3-11 bits: PF3-based 7-OS sPUCCH with non-hopping and RM or PF3-based 7-OS sPUCCH with hopping and RM (if supported)

· More than 11 bits: PF4-based 7-OS sPUCCH with hopping and TBCC
Proposal 5: For 7-OS sPUCCH for carrying more than 2 bits, the format selection should be dependent on payload size as legacy: 

· 1-2 bits: PF1-based 7-OS sPUCCH with non-hopping or with hopping

· 3-11 bits: PF3-based 7-OS sPUCCH with non-hopping and RM or PF3-based 7-OS sPUCCH with hopping and RM (if supported)

· More than 11 bits: PF4-based 7-OS sPUCCH with hopping and TBCC

3. Conclusion
In this contribution, we discussed some issues related to the sPUCCH design for shortened TTI. Based on the above discussions, we have the following proposals:
Proposal 1: In case SR and 2-bit HARQ-ACK are to be transmitted on 2/3-OS sPUCCH in the same sTTI, four sPUCCH resources are configured for SR+HARQ and four sPUCCH resources are configured for only HARQ.
Proposal 2: For non-hopping 7-OS sPUCCH format carrying up to 2 bits, the legacy behaviour is applied when sPUCCH and SRS are to be transmitted in the same sTTI. For hopping 7-OS sPUCCH format carrying up to 2 bits, SRS is dropped and sPUCCH is transmitted regardless of whether the UE is configured with simultaneous transmission of A/N and SRS. 

Proposal 3: For PF4-based 7-OS sPUCCH, SRS is dropped and sPUCCH is transmitted regardless of whether the UE is configured with simultaneous transmission of A/N and SRS.
Proposal 4: For PF4-based 2/3-OS sPUCCH format carrying more than 2 bits, IFDMA is not supported.

Proposal 5: For 7-OS sPUCCH for carrying more than 2 bits, the format selection should be dependent on payload size as legacy: 

· 1-2 bits: PF1-based 7-OS sPUCCH with non-hopping or with hopping

· 3-11 bits: PF3-based 7-OS sPUCCH with non-hopping and RM or PF3-based 7-OS sPUCCH with hopping and RM (if supported)

· More than 11 bits: PF4-based 7-OS sPUCCH with hopping and TBCC
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