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1 Introduction
At the RAN1#89 meeting, the short PUCCH for moderate and large UCI payload was discussed, the following agreements were made [1]:
Agreements:
· For 2-symbol NR-PUCCH

· option 1-1 is supported for sending UCI with up to 2 bits.
· Note that sequence hopping is not precluded for option 1-1

· FFS method for sending UCI with more than 2 bits

· option 2 is not supported.

· Note: The functionality of option 2 can be achieved by two 1-symbol short PUCCHs transmitted on one slot in TDM manner (as already agreed in RAN1 #88bis meeting) and therefore it is considered as not necessary to introduce option 2.
Agreements:
· For 1-symbol NR-PUCCH with more than 2 bits based on the agreed Option 1,

· DM-RS overhead of 1/3 is supported

· FFS on other values for DM-RS overhead, if necessary

· FFS on detailed DM-RS pattern

Agreements:
· For 2-symbol NR-PUCCH, frequency hopping is supported at least for localized (contiguous) PRB allocation in each symbol

· FFS for distributed (non-contiguous) PRB allocation

In this contribution, we discuss the detailed design of short duration PUCCH for moderate and large UCI payload.
2 Design of 1-symbol PUCCH with more than 2bits UCI
Since it was agreed to use FDM of RS and UCI for 1-symbol short duration PUCCH schemes for more than 2 UCI bits, UCI may be encoded, rate-matched and mapped to the available REs following the same principles as LTE PUCCH format 4. This would enable support of variable payload sizes. In addition, the short duration PUCCH format should be capable of multiplexing UCI from different users. To support UCI multiplexing from multiple UEs, frequency domain OCC can be considered similarly to LTE PUCCH format 5. The OCC length should be designed with a nested structure in order to dynamically tradeoff spreading gain with multiplexing capacity.
Proposal 1: The 1-symbol short duration PUCCH format for more than 2 bits UCI may follow similar design principles governing LTE PUCCH formats 4/5 structure targeting multi-user multiplexing and flexible resource allocation.  
As discussed at last meeting, the RS overhead 1/3 is agreed, but other overhead values are not precluded. We evaluate the link-level performance of Option 1 with different RS overheads and different payload sizes. A uniform interval between RS tones is employed. The performance metric is the SINR requirement to achieve a target BER = 10-3. Several bandwidth allocations are evaluated for TDL-C channels with 30ns and 1000ns delay spread. Other simulation assumptions are described in the Appendix. Since it was agreed that for 3~11 bits UCI, LTE RM coding is used, we evaluate the performance with different RS overheads using the LTE (32, O) RM encoder for 10bits UCI.
For larger UCI payloads we evaluate RS overhead using TBCC code with 8-bit CRC. Performance results for 20 and 30 UCI bits are shown in Figures 2 and 3 respectively.
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Figure 1: SNR results for different RS overheads with 10 bits UCI
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Figure 2: SNR results for different RS overheads with 20 bits UCI
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Figure 3: SNR results for different RS overheads with 30 bits UCI
It can be seen form from Figures 1~3 that as the DMRS overhead decreases the coding gain increases since there are more channel REs for data transmission. Obviously, 50% overhead is not the best one since it has very high channel coding rate especially in larger payload size cases. Although 1/3 overhead is accepted, there is not much performance difference at RS overhead of 1/4 and RS overhead 1/6. For 10bits UCI with RM coding, the RS overhead 1/3 and 1/4 have a better performance than RS overhead 1/6. For large payload cases (20bits and 30bits UCI) with TBCC coding and 8bits CRC, the RS overhead 1/4 and RS overhead 1/6 perform a little better. Overall, the RS overhead 1/4 and 1/6 could also be considered.
Observation1: For 1-symbol NR-PUCCH with more than 2 bits UCI, RS overhead 1/4 and 1/6 could reach a desirable performance when compared with RS overhead 1/3.
For detailed DMRS pattern design, two promising methods can be considered. 

· Method 1: Method 1 is a uniform mapping with same interval between two DMRS tones. As shown in figure 4(a), for RS overhead 1/3 case, every 4REs with one DMRS.

· Method 2:  Two DMRS REs in one group are mapped on contiguous REs resource. An example for RS overhead 1/3 is shown in figure 4(b).
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Figure 4: The DMRS pattern for 1-symbol PUCCH with more than 2 bits
For method 2, it has benefit to support TxD by using OCC in different antenna ports since the two contiguous REs keep good orthogonality of DMRS with OCC. 
From the evaluation displayed before, it seems the RS overhead 1/4 and 1/6 could also be considered. For RS overhead 1/3, 4 DMRS REs in one RB are fit for using OCC as one group with two DMRS REs. But for RS overhead 1/4, there are 3 DMRS REs in one RB which is hard to using OCC. For RS overhead 1/6, although there are even number of DMRS REs in one RB, however, if the two DMRS REs are mapped on contiguous REs resource, the channel estimation performance would be different given the loss of frequency domain interpolation. For only one antenna port, RS overhead 1/6 with method 1 mapping could be considered, for TxD with more than one antenna ports, RS overhead 1/3 with method 2 mapping is a better choice. This could be designed as shown in figure 5, for one antenna port case, the DMRS take less resource.  
Proposal 2: For 1-symbol PUCCH with more than 2bits UCI, RS overhead 1/4 and RS overhead 1/6 is not preferable for TxD by suing OCC in different antenna ports.
Proposal 3: For 1-symbol PUCCH with more than 2bits UCI, if only one antenna port, RS overhead 1/6 could be considered.
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Figure 5: the DMRS pattern for different antenna port
3 Design of 2-symbol PUCCH with more than 2bits UCI
It is agreed that 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI, the following two options need further consider:

· Option 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.

· Option 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
Comparison between the same DMRS position and interlace DMRS position of two symbols
A natural design for DMRS pattern of 2-symbol PUCCH is that both symbols use the same DMRS pattern. Alternatively, it could consider to use a interlace DMRS pattern design which is similar to CRS design in legacy LTE system. An example of RS overhead of 1/6 is shown in figure 6, for interlace DMRS position, the DMRS of second symbol shift 3 subcarrier distance.

We evaluate the link-level performance to compare these two DMRS mapping methods. Both option 1-1 and option 1-2 with different RS overhead is considered, the UCI payload size is 10bits with RM coding, the channel model is TDL-C channels with 30ns and 1000ns delay spread. The performance metric is the SINR requirement to achieve a target BER = 10-3. Other detailed simulation assumptions are given in the Appendix. Figure 7 and figure 8 are the performance comparison of option 1-1 and option 1-2 respectively.
From the results of option 1-1 in figure 7 , for 30ns delay spread channel, the same DMRS position and interlace DMRS position have a similar performance. For 1000ns delay spread channel, the interlace DMRS position outperform than same DMRS position in case of RS overhead 1/4 and 1/6. 
From figure 8 of option 1-2, there are no difference in 30ns delay spread channel. For 1000ns delay spread channel, the interlace DMRS position is better in case of RS overhead 1/6.
Overall, the interlace DMRS position could reach better performance in case of large delay spread with lower RS overhead. Although the interlace DMRS position is better in some cases, if frequency hopping is used, it would have no gain than the same DMRS position.
Observation 2:For 2-symbol PUCCH with more than 2bits UCI, the interlace DMRS position could reach better performance than same DMRS position in case of large delay spread with lower RS overhead when frequency hopping is not used.
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Figure 6: same DMRS position and interlace DMRS position
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Figure 7: comparison between the same DMRS position and interlace DMRS position for option 1-1
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Figure 8: comparison between the same DMRS position and interlace DMRS position for option 1-2

Comparison between the option 1-1 and option 1-2 for UCI with more than 2bits
For UCI with up to 2bits, option 1-1 is supported. For UCI with more than 2bits, we evaluate the link-level performance of Option 1-1 and Option 1-2. The performance metric is the SINR requirement to achieve a target BER = 10-3. Several bandwidth allocations are evaluated for TDL-C channel with 30ns and 1000ns delay spread and different DMRS resource overheads (RO) are evaluated, both same DMRS position and interlace DMRS position are considered. Other simulation assumptions are described in the Appendix. Figure 9 and figure 10 are the results of the same DMRS position and interlace DMRS position respectively.
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Figure 9: comparison between the option 1-1 and option 1-2 for same DMRS position
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Figure 10: comparison between the option 1-1 and option 1-2 for interlace DMRS position
From the results, for 30ns delay spread, option 1-2 is a little better than option 1-1 in case of lower RS overhead. For 1000ns delay spread, two options have similar performance in case of RS overhead 1/3, for lower RS overhead , the option 1-2 is obviously better. Overall, at least for RS overhead 1/3, the option 1-1 and option 1-2 has similar performance. For RS over head 1/4 and 1/6, the option 1-2 could reach better performance than option 1-1 in most of cases.
Observation 3: For 2-symbol PUCCH with more than 2bits UCI, at least for RS overhead 1/3, the option 1-1 and option 1-2 has similar performance. For RS over head 1/4 and 1/6, the option 1-2 could reach better performance than option 1-1 in most of cases.
Proposal 4: For 2-symbol PUCCH with more than 2bits UCI, option 1-2 is supported if RS overhead 1/4 and 1/6 are accepted.
4 Conclusions
Based on the simulation results and analysis we have the following proposals:
Observation1: For 1-symbol NR-PUCCH with more than 2 bits UCI, RS overhead 1/4 and 1/6 could reach a desirable performance when compared with RS overhead 1/3.
Observation 2:For 2-symbol PUCCH with more than 2bits UCI, the interlace DMRS position could reach better performance than same DMRS position in case of large delay spread with lower RS overhead when frequency hopping is not used
Observation 3: For 2-symbol PUCCH with more than 2bits UCI, at least for RS overhead 1/3, the option 1-1 and option 1-2 has similar performance. For RS over head 1/4 and 1/6, the option 1-2 could reach better performance than option 1-1 in most of cases.
Proposal 1: The 1-symbol short duration PUCCH format for more than 2 bits UCI may follow similar design principles governing LTE PUCCH formats 4/5 structure targeting multi-user multiplexing and flexible resource allocation.  
Proposal 2: For 1-symbol PUCCH with more than 2bits UCI, RS overhead 1/4 and RS overhead 1/6 is not preferable for TxD by suing OCC in different antenna ports.

Proposal 3: For 1-symbol PUCCH with more than 2bits UCI, if only one antenna port, RS overhead 1/6 could be considered.
Proposal 4: For 2-symbol PUCCH with more than 2bits UCI, option 1-2 is supported if RS overhead 1/4 and 1/6 are accepted.
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6 Appendix

Table 1: Simulation assumptions
	Parameter 
	Value 

	Carrier freq (GHz) 
	4 

	Channel model 
	TDL-C with delay spread ={30ns, 1000ns}

	Subcarrier spacing (KHz) 
	15 

	UE speed (km/h) 
	3

	Number of RBs
	2,4,8

	RS sequence 
	ZC or low PAPR computer generated sequence for small allocations 

	Spreading of UCI 
	For 2-symbol duration PUCCH:
Option1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
Option1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.

	Modulation 
	QPSK

	Target BER 
	0.1% 

	Antenna port
	1Tx, 2Rx

	UCI payload size
	10bits, 20bits, 30bits for 1-symbol PUCCH
10bits for 2-symbol PUCCH 

	Coding for large payload size
	RM(32,O) for 10 bits

TBCC+8 bits CRC for 20 and 30 bits

	Channel estimation 
	2D-MMSE
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