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1 Introduction

In the previous meetings and email discussions, sPUCCH design has achieved large progress with agreements summarized in [1] and [2]. In this contribution, the remaining issues on sPUCCH design and resource allocations are discussed.
2 Multiplexing between sPUCCH and PUCCH
In this section, we discuss the multiplexing between sPUCCH and PUCCH for different sPUCCH formats.
1) 1-slot sPUCCH format 1/1a/1b
In the RAN1#90b meeting, the following agreement was achieved, but more details are still not clear.

	Agreement: 

For PF1-based 7-OS sPUCCH format, the cyclic shifts on different sPUCCH symbols and the OCC in different slots can be different for a given UE. Cyclic shift randomization and OCC variations are re-used from 1 ms operation to support multiplexing with legacy PUCCH format 1/1a/1b/2.

- Note: the OCC is not applied when frequency hopping is enabled.


· without frequency hopping

For this case, cyclic shift randomization, OCC variations and occupied PRB are reused from 1ms PUCCH format 1/1a/1b. 
In addition, 1-slot sPUCCH format 1/1a/1b without frequency hopping and 1ms PUCCH format 2/2a/2b can be multiplexed in a mixed RB through different CSs, just as multiplexing between 1ms PUCCH format 1/1a/1b and 1ms PUCCH format 2/2a/2b.
· with frequency hopping

For this case, since OCC is not applied, it is not appropriate to derive cyclic shift and occupied PRB from 1ms PUCCH format 1/1a/1b, even with some modifications. Here, for simplicity, we propose that cyclic shift randomization and occupied PRB are reused from 1ms PUCCH format 2/2a/2b. For 1ms PUCCH format 2/2a/2b, resources are configured by higher layer. Therefore, multiplexing between them can be easily achieved by configuring different CSs.
For 1ms PUCCH format 1/1a/1b, implicit PUCCH resource indication is applied according to CCE index of DCI, so multiplexing between 1ms PUCCH format 1/1a/1b and 1-slot sPUCCH format 1/1a/1b with frequency hopping is very complicated, which would introduce extra scheduling restriction of 1ms PDCCH. If multiplexing between 1-slot sPUCCH format 1/1a/1b with frequency hopping and 1ms PUCCH format 1/1a/1b must be supported, we propose that the multiplexing scheme between 1ms PUCCH format 1/1a/1b and 1ms PUCCH format 2/2a/2b is reused, which means 1ms PUCCH format 1/1a/1b and sequence-based 2/3OS sPUCCH will be multiplexed in a mixed RB through different CSs.
2) 1-slot sPUCCH format 3
In the RAN1#90b meeting, the following agreement was achieved, so it is clear how to achieve OCC for 1-slot sPUCCH format 3.

	Agreement: 

For PF3-based 7-OS sPUCCH format the cyclic shifts of the DMRS and the OCC used in different slots follow the principle of PUCCH format 3.


3) Sequence based 2/3-symbol sPUCCH
This case is similar to multiplexing between 1ms PUCCH format 1/1a/1b and 1-slot sPUCCH format 1/1a/1b with frequency hopping, so we share the same view as discussed above.
We propose that the derivation of cyclic shift randomization and occupied PRB are reused from 1ms PUCCH format 2/2a/2b. If multiplexing between sequence-based 2/3-symbol sPUCCH and 1ms PUCCH format 1/1a/1b must be supported, it is proposed that the multiplexing scheme between 1ms PUCCH format 1/1a/1b and 1ms PUCCH format 2/2a/2b is reused, which means 1ms PUCCH format 1/1a/1b and sequence-based 2/3-symbol sPUCCH will be multiplexed in a mixed RB through different CSs.

Proposal 1: For 1-slot sPUCCH format 1/1a/1b without frequency hopping, the cyclic shift randomization, OCC variations and occupied PRB follow the principle of 1ms PUCCH format 1/1a/1b.
Proposal 2: For 1-slot sPUCCH format 1/1a/1b with frequency hopping, the cyclic shift randomization and occupied PRB follow the principle of 1ms PUCCH format 2/2a/2b.
· 1-slot sPUCCH format 1/1a/1b with frequency hopping and 1ms PUCCH format 1/1a/1b can be multiplexed in a mixed RB through different CSs.

Proposal 3: For sequence based 2/3-symbol sPUCCH, the cyclic shift randomization and occupied PRB follow the principle of 1ms PUCCH format 2/2a/2b.
· Sequence based 2/3-symbol sPUCCH and 1ms PUCCH format 1/1a/1b can be multiplexed in a mixed RB through different CSs.

3 HARQ-ACK feedback for {2,7} sTTI operation
The reason for introducing {2, 7} is that 1-slot sPUCCH provides better performance to guarantee large UL coverage. Note that the uplink coverage is the bottleneck for the coverage of sTTI operation. With HARQ-ACK bundling for {2, 7}, the uplink coverage can be enhanced compared to 2/3-symbol sPUCCH. Therefore, considering the performance of sTTI, we propose that HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation. Otherwise, the motivation to support {2,7} should be revisted.
Proposal 4: HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation.
4 Collision between SR and 2-bit HARQ-ACK
According to the email discussion on sPUcCH, the following cases are indentified for the simultaneous transmission of 2-bit HARQ-ACK and SR in sequence based 2/3-OS sPUCCH: 
· Case 1: The 2-bit HARQ-ACK is comprised of 1-bit sHARQ-ACK and 1-bit HARQ-ACK. (HARQ-ACK bundling is not supported)
· Case 2: The 2-bit HARQ-ACK is for 2 carriers.
There are two options to handle collision between SR and 2-bit HARQ-ACK:
· Option 1: Four sPUCCH resources are configured for SR with 2-bit HARQ-ACK.
· The four resources are used for SR+'ACK, ACK', SR+'ACK, NACK', SR+'NACK, ACK', SR+'NACK, NACK' respectively. 
· Option 2: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK. 

· HARQ-ACK bundling across different TTI lengths is supported when HARQ-ACK is carried on sequence based sPUCCH format. 
· One resource is used for SR+'ACK, ACK' and another one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'. 
Since simultaneous transmission of SR and 2-bit HARQ-ACK should not happen frequently, always reserving four sPUCCH resources for SR with 2-bit HARQ-ACK will introduce too many sPUCCH resources which should be avoided. Therefore, option 1 is not preferred.
Note that we have agreed to not support HARQ-ACK bundling across different TTI lengths. However, considering the large sPUCCH overhead, we would like to clarify that option 2 can be used for sequence based sPUCCH format but the agreement is still valid for other sPUCCH formats.
Proposal 5: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK. 

· HARQ-ACK bundling across different TTI lengths is supported when HARQ-ACK is carried on sequence based sPUCCH format. 

· One resource is used for SR+'ACK, ACK' and the other one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'.

5 Conclusions
In this paper, the remaining issues on sPUCCH design and resource allocations are discussed with following proposals:
Proposal 1: For 1-slot sPUCCH format 1/1a/1b without frequency hopping, the cyclic shift randomization, OCC variations and occupied PRB follow the principle of 1ms PUCCH format 1/1a/1b.
Proposal 2: For 1-slot sPUCCH format 1/1a/1b with frequency hopping, the cyclic shift randomization and occupied PRB follow the principle of 1ms PUCCH format 2/2a/2b.
· 1-slot sPUCCH format 1/1a/1b with frequency hopping and 1ms PUCCH format 1/1a/1b can be multiplexed in a mixed RB through different CSs.
Proposal 3: For sequence based 2/3-symbol sPUCCH, the cyclic shift randomization and occupied PRB follow the principle of 1ms PUCCH format 2/2a/2b.
· Sequence based 2/3-symbol sPUCCH and 1ms PUCCH format 1/1a/1b can be multiplexed in a mixed RB through different CSs.

Proposal 4: HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation.
Proposal 5: Two sPUCCH resources are configured for SR with 2-bit HARQ-ACK. 

· HARQ-ACK bundling across different TTI lengths is supported when HARQ-ACK is carried on sequence based sPUCCH format. 

· One resource is used for SR+'ACK, ACK' and the other one is used for the case of SR+'NACK, NACK', SR+'ACK, NACK' or SR+'NACK, ACK'.
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