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1 Introduction

This contribution discusses several remaining issues that may be controversial in the email discussion [1]. It includes sPUCCH resource allocation, HARQ-ACK bundling across sTTI for {2,7} configuration 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, 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. 
Since eNB cannot predict the dynamic change of HARQ bits number, the sPUCCH resources cannot be shared among different sTTI UEs when configured by RRC. Therefore, if all the resource groups contain 4 resources and there is no 1ms HARQ-ACK piggybacked, the unused resources in a group cannot be assigned to other UEs. This would be resource wasteful. On the other hand, it 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 Remaining issues on HARQ-ACK bundling 

It was agreed in email approval [90b-LTE-10] that:

· No HARQ-ACK bundling across DL sTTI is supported when configured with {2,7} sTTI operation.

· FFS on supporting HARQ-ACK bundling
In Figure 2, the performance of 7-symbol sPUCCH without HARQ-ACK bundling (i.e., 3-bit) for {2, 7} sTTI configuration and 2-symbol sPUCCH with 1-bit are provided. Then simulation assumption is attached in the appendix. 
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Figure-2: sPUCCH performance for {2-symbol with 1-bit and 7-symbol with 3-bit}
We can find that 7-symbol sPUCCH without HARQ-ACK bundling (i.e., 3-bit) provides 3dB better coverage compared 2-symbol sPUCCH with 1-bit. In addition, introducing HARQ-ACK bundling across sTTI would introduce additional DAI-like mechanism even for FDD with single carrier. So it is sufficient and simple to support only no HARQ-ACK bundling across sTTI for {2, 7} configuration. Therefore we propose that, 

Proposal 2: We slightly prefer to not support HARQ-ACK bundling across DL sTTI for {2,7} sTTI configuration. 
4 2/3-symbol sPUCCH format for more than 2-bit HARQ-ACK 
Regarding to the 2/3-symbol sPUCCH format for more than 2 bits, there are three alternatives were discussed in [1] as follows. 
· Alt1: IFDMA is not supported, i.e., reuse the shortened version of PUCCH Format 4

· Alt2: IFDMA is supported for both RS symbol and data symbol. FFS the supporting RPF value(s). 
· Alt3: RS sequence with length L is repeated with factor 2 and mapped on the even REs in the frequency domain of the first symbol. Define L out of the (12*N*M+L) QPSK symbols of data as {qi}, i=0, 1, 2,…, L-1, N is the number of RBs, M is the number of symbols without RS. The output of DFT of {0, q0 , 0, q1 , ..., 0, qL-1, 0, -q0 , 0, -q1 , ..., 0, -qL-1} is mapped onto the odd REs in the frequency domain of the first symbol. The rest 12*N*M QPSK symbols are continuously mapped on the second symbol and third symbol (if any) the same as legacy operation.
An example for Alt 3 is given in Figure 3, where the DMRS and data are interlaced and repeated into 4 sPRB in the frequency domain. It can be found that 50% more REs can be used to carry HARQ-ACK in the RS symbol. 
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Figure-3 Signal generation for IFDMA with low CM.
In Figure 4 and Figure 5, we present the performance of above three alternatives for payload size {16bits, 32bits, 48bits, 64bits}. It is clear that Alt 3 outperforms the other two alternatives by around 2 dB. This would directly increase the PUCCH coverage without introducing additional restrictions. 

Observation 3: About 2 dB gain can be obtained by multiplexing data in the RS symbol with introducing IFDMA structure. 
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Figure-4 Comparison of three alternatives for 2-symbol sPUCCH with {16bits and 32 bits}.
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Figure-5 Comparison of three alternatives for 2-symbol sPUCCH with {48 bits and 64 bits}. 
In general, a 4*L-point DFT shall be applied if the DMRS sequence length is L.  Considering the length-3, 6, 12, 18, 24 CGS were already specified in LTE ( NB-IOT/FD-MIMO), then the available number of PRBs could be 1, 2, 4, 6, 8. Although 3 or 5 PRBs are also applicable for Alt 1, Alt 2 can use 2 PRBs or 4 PRBs respectively to achieve a similar performance and save one PRB instead. So, using {1, 2, 4, 6, 8} would be enough to adjust the number of PRBs 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 3: Adopt Alt 3 as the design for 2/3-OS sPUCCH format with large payload, i.e., support IFDMA scheme with RS and data multiplexing in one symbol. 

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 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.
Observation 3: About 2 dB gain can be obtained by multiplexing data in the RS symbol with introducing IFDMA structure. 
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: We slightly prefer to not support HARQ-ACK bundling across DL sTTI for {2,7} sTTI configuration. 
Proposal 3: Adopt Alt 3 as the design for 2/3-OS sPUCCH format with large payload, i.e., support IFDMA scheme with RS and data multiplexing in one symbol. 
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Appendix: Simulation assumptions 
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz 

	TTI length
	2, 7(DRD|DRRD)

	Channel model 
	EPA

	UE speed 
	3km/h 

	Antenna configuration
	1Tx(UE), 2 Rx(eNB)

	CP length
	Normal

	Channel estimation
	Practical  

	Number of HARQ-ACK
	1/3/16/24/32/64

	CRC length
	8

	Channel coding
	Sequence-based, RM, TBCC

	Performance metrics
	No DTX threshold 
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