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1 Introduction

In the RAN1#90 meeting, good progress was made for sPUCCH format design. This contribution discusses several remaining issues that are indentified as not easily agreeable in the email discussion [1]. That includes the dynamic multiplexing of sHARQ-ACK and 1ms HARQ-ACK in 2/3-symbol sPUCCH with up to 2-bits, and the IFDMA design for 2/3-symbol sPUCCH with more than 2bits. 
2 sPUCCH resource allocation for sequence based sPUCCH
In the RAN1 #90 meeting, the sequence-based sPUCCH was confirmed for up to 2 bits HARQ-ACK transmission in 2/3-symbol sTTI. Correspondingly, the following sPUCCH resource allocation for sequence based sPUCCH was agreed:  

· 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. 

However, it was agreed that dynamic switch between sTTI and TTI is supported, and in case of collision between sPUCCH and PUCCH, sPUCCH will be transmitted while PUCCH will be dropped. That means, the expected number of HARQ-ACK bits transmitted in sPUCCH could be dynamically changed due to the piggyback of 1ms HARQ-ACK. In this case, it would be either resource waste if configuring 4 resources in all the four sPUCCH resource groups, or cannot work if configuring only 2 resources in all the four resource groups. So, it would be better to allow the eNB can configure some of groups with 2 resources and the other groups with 4 resources. 
Observation 1: In case of the dynamic change of HARQ-ACK number in 2/3-OS sequence based sPUCCH, it would be either resource wasteful if configuring 4 resources in all the four sPUCCH resource groups, or cannot work if configuring only 2 resources in all the four resource groups.
As an example shown in Figure 1, two sPUCCH resource groups are configured with 2 sPUCCH resource values, while the other two groups containing 4 resource values. If there is 1-bit HARQ-ACK from 1ms TTI, eNB can use the 2-bit ARI to indicate one resource group of size 4. While eNB can choose one group of size 2 to the UE if no dynamic 1-bit HARQ-ACK is piggybacked.  
Another advantage of allowing this kind of configuration is that it can solve the ambiguity of number of HARQ-ACK bits between eNB and UE for single carrier case. For instance, only the sDCI is detected while 1ms DCI is missed by UE. In this case, eNB will indicate a group of size 4, and UE can then distinguish that the number of HARQ-ACK bits should be 2. Alternatively, UE can transmit 1-bit NACK for PDSCH along with 1-bit ACK/NACK for sPDSCH. 
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Figure-1: sPUCCH resource indicator setting for transmission of sHARQ-ACK + HARQ-ACK 

Observation 2: The dynamic change of HARQ-ACK number in 2/3-OS sequence based sPUCCH can be adjusted by configuring some of groups with 2 resources and the other groups with 4 resources, which can also solve the ambiguity of number of HARQ-ACK bits between eNB and UE for single carrier case.

Therefore, we propose that, 
Proposal 1: For the four sPUCCH resource groups configured by higher layer for  2/3-OS sequence based sPUCCH, two groups can be configured with 2 sPUCCH resource values, while the other two groups are configured with 4 sPUCCH resource values. 

Note, independent DAI bits for sTTI and TTI can be used to solve the ambiguity in case of (e)CA case. 
3 Simultaneous transmission of 2-bit HARQ-ACK and SR in sequence based sPUCCH
3.1 Multiplexing between SR and 1-bit ACK/NACK

It was also agreed that when positive SR and 1-bit HARQ-ACK are to be transmitted on 2/3-symbol sPUCCH in the same sTTI, two resources for configured for SR+HARQ-ACK and two resources are configured for HARQ-ACK only. But the detailed resource mapping between different SR+HARQ-ACK and HARQ-ACK only is not decided yet. 
To avoid possible misunderstanding between eNB and UE due to the miss detection of sPDCCH,  UE can use SR-only resource CS_SR1 for the transmission of positive SR+NACK. Because, if sPDCCH is missed, UE will transmit CS_SR1 assuming there is only SR now. Then this case would be regarded as NACK at eNB side. An example is shown in Table 1. 
Table 1 The multiplexing between SR and 1-bit ACK/NACK with two SR-PUCCH resources
	SR only
	1-bit ACK/NACK + Negative SR
	1-bit ACK/NACK + Positive SR

	
	ACK
	NACK
	ACK + SR
	NACK + SR 

	CS_SR1
	CS_A
	CS_N
	CS_SR2
	CS_SR1


Proposal 2: For simultaneous transmission of 1-bit HARQ-ACK and SR using sequence based sPUCCH format, UE shall use the SR-only resource for the transmission of positive SR+1-bit NACK. 
3.2 Multiplexing between SR and 2-bit ACK/NACK
Another open issue is the simultaneous transmission of SR and 2-bit HARQ-ACK. One simple way is always to configure four SR resources. But this would waste two resources if no 1ms HARQ-ACK is piggybacked. Alternatively, two SR resources are configured in this case. As an example given Table 2, SR is dropped in case of simultaneous transmission of SR+1-bit ACK+1-bit NACK.
Table 2 The multiplexing between SR and 2-bit ACK/NACK with two SR-PUCCH resources
	SR only
	2-bit ACK/NACK + Negative SR
	2-bit ACK/NACK + Positive SR

	
	A, A
	A, N
	N, A
	N, N
	A, A
	A, N
	N, A
	N, N

	CS_SR1
	CS_1
	CS_2
	CS_3
	CS_4
	CS_SR2
	CS_2
	CS_3
	CS_SR1


Considering the sPUCCH resources overhead already increased due to the resource selection mechanism of 2/3-OS sPUCCH with up to 2 bits, we propose that, 

Proposal 3: For simultaneous transmission of 2-bit HARQ-ACK and SR using sequence based sPUCCH format,

· Two resources are configured for SR. One resource is configured for SR-only and one resource is configured for positive SR+2-bit ACK
· UE shall use the SR-only resource for the transmission of positive SR+2-bit NACK. 
· SR is dropped in case of simultaneous transmission of SR+1-bit ACK+1-bit NACK.
4 2/3-symbol sPUCCH format for more than 2-bit HARQ-ACK 
For 2/3-OS sPUCCH format for more than 2 bits HARQ-ACK, it is still open on the using of IFDMA. In [2], we proposed a new design by using IFDMA in the RS symbol as shown in Figure 2 bellow. 50% more REs can be used to carry HARQ-ACK in the RS symbol. It was proven in [2] that about 1.8 dB gain can be obtained with PAPR/CM of RS symbol only increasing 0.2dB.   
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Figure-2 Signal generation for IFDMA with low CM.
In Figure 2, the DMRS and data are interlaced and repeated into 4 sPRB in the frequency domain.  In general, a 4*N-point DFT shall be applied if the DMRS sequence length is N.  Considering the length-3, 6, 12, 18, 24 CGS were already specified in LTE( NB-IOT/FD-MIMO), then the available number of RBs could be 1, 2, 4, 6, 8. This would be enough to adjust the number of RBs with the payload size. 
In our views, the proposed IFDMA design can provide better performance, and it is already mature.  So we propose that,
Proposal 4: IFDMA scheme with RS and data multiplexing in one symbol should be adopted for sPUCCH format with large payload. 

5 Conclusion

This contribution provides the following observations and proposal:
Observation 1: In case of the dynamic change of HARQ-ACK number in 2/3-OS sequence based sPUCCH, it would be either resource wasteful if configuring 4 resources in all the four sPUCCH resource groups, or cannot work if configuring only 2 resources in all the four resource groups.
Observation 2: The dynamic change of HARQ-ACK number in 2/3-OS sequence based sPUCCH can be adapted by configuring some of groups with 2 resources and the other groups with 4 resources, which can also solve the ambiguity of number of HARQ-ACK bits between eNB and UE for single carrier case.

Proposal 1: For the four sPUCCH resource groups configured by higher layer for  2/3-OS sequence based sPUCCH, two groups can be configured with 2 sPUCCH resource values, while the other two groups are configured with 4 sPUCCH resource values. 

Proposal 2: For simultaneous transmission of 1-bit HARQ-ACK and SR using sequence based sPUCCH format, UE shall use the SR-only resource for the transmission of positive SR+1-bit NACK. 
Proposal 3: For simultaneous transmission of 2-bit HARQ-ACK and SR using sequence based sPUCCH format,

· Two resources are configured for SR. One resource is configured for SR-only and one resource is configured for positive SR+2-bit ACK
· UE shall use the SR-only resource for the transmission of positive SR+2-bit NACK. 
· SR is dropped in case of simultaneous transmission of SR+1-bit ACK+1-bit NACK.

Proposal 4: IFDMA scheme with RS and data multiplexing in one symbol should be adopted for sPUCCH format with large payload. 
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