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1 Introduction
The multiplexing of different types of UCI has been specified in TS 38.213 based on the agreements reached at the previous RAN1 meetings. In RAN1#92bis [1], there is a working assumption to handle the partial overlapping of different PUCCH. In this contribution, we discuss the remaining issues on multiplexing of different types of UCI on PUCCH.
2 Discussion
2.1 Remaining issues for the multiplexing rule with different starting symbols

Here we just focus on the PUCCH related FFS points for the WA for multiplexing rule of single slot PUCCH and PUCCH/PUSCH with different starting symbols. For the FFS points related to PUCCH overlapping with PUSCH are given in the companied contribution [2].
Issue1: FFS multiplexing rule when AN PUCCH resource with F1 overlaps with SR PUCCH resource with F0.
Since we have the agreement for dropping SR for the same starting symbol case, for different starting symbols of HARQ-ACK and SR, SR should still be dropped when satisfy the timeline conditions in the WA.
Proposal 1: When there is overlapping in time domain for HARQ-ACK with PUCCH format 1 and SR with PUCCH format 0, and the starting symbols of HARQ-ACK and SR are different, SR should be dropped when the earlier PUCCH satisfying the timeline condition in the WA.
Issue2: FFS how to handle semi-statically configured PUCCH overlap with semi-statically configured PUCCH 
For CSI overlapping with SR on PUCCH with different starting symbols, since UE and gNB always know there is overlapping, and PF2/3/4 is used for CSI, SR can be always transmitted on CSI resource regardless the same or different starting symbols. That is, the timeline conditions in the WA should be not used for this case.
For other semi-static PUCCH overlapping, such as SPS HARQ-ACK overlapping with SR/CSI on PUCCH, there is no reference point for the timeline in the WA. Actually, gNB can avoid such overlapping by configuration. That means UE is not expect to be configured with overlapping between SPS HARQ-ACK and CSI/SR on PUCCH, or when such overlapping occurs, UE can assume that there is always same starting symbol of SPS HARQ-ACK and CSI/SR on PUCCH.
Proposal 2: For CSI overlapping with SR on PUCCH with different starting symbols, SR is always transmitted on CSI PUCCH resource without considering the timeline conditions in the WA.
Proposal 3: UE is not expect to be configured with overlapping between SPS HARQ-ACK and CSI/SR on PUCCH, or UE can assume that the starting symbol of SPS HARQ-ACK and CSI/SR on PUCCH are always the same when there is overlapping.
2.2 Multiplexing of HARQ-ACK and SR

Issue1: Multiplexing of HARQ-ACK and single SR
Current states for the multiplexing of the same starting symbol are listed in the following table, and there are still no agreements for two cases. 

	
	SR with PF0
	SR with PF1

	HARQ-ACK with PF0
	With agreement
	No agreement

	HARQ-ACK with PF1
	With agreement
	With agreement


For HARQ-ACK with PF0 and SR with PF1 case, the following two options can be considered:

· Option 1: following the same mechanism of HARQ-ACK with PF0 and SR with PF0. That is, HARQ-ACK is transmitted on HARQ-ACK resource using PF0 by selecting different CS sets for positive SR and negative SR
· Option 2: following the same mechanism of HARQ-ACK with PF1 and SR with PF1. That is, HARQ-ACK is transmitted on HARQ-ACK resource using PF0 for negative SR, and HARQ-ACK is transmitted on SR resource using PF1 for positive SR
For negative SR case, the PUCCH overhead of option 1 and option 2 is the same for transmitting HARQ-ACK using PF0. For positive SR case, the PUCCH overhead of option 2 is less than that of option1 since PF1 is used for HARQ-ACK transmission. From the PUCCH overhead perspective, we slightly prefer option 2.
Proposal 4: When there is overlapping in time domain for HARQ-ACK with PUCCH format 0 and SR with PUCCH format 1, and the starting symbols of HARQ-ACK and SR are the same, the following method should be supported: HARQ-ACK is transmitted on HARQ-ACK resource using PF0 when SR is negative, and HARQ-ACK is transmitted on SR resource using PF1 when SR is positive

Issue2: Multiplexing rule for HARQ-ACK and multiple SR configurations
Since we have agreements for the overlapping of HARQ-ACK with PUCCH format 2/3/4 and K SR PUCCH resources in the same instance, the remaining issue is listed in the following table for the same starting symbol, and we believe for the cases of different starting symbols, the WA still work.
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	Case 1
	Case 3

	HARQ-ACK with PF1
	Case 2
	Case 4


For case 1, as listed in the summary [3], there are 5 alternatives. For Alt2, gNB cannot distinguish multiple SR configurations with logical “OR” over all K SR processes. For Alt3, multiple PUCCH resource sets are required which limited the PUCCH resource configuration and reduce the PUCCH resource utilization. In addition, Alt3 cannot be used for SPS HARQ-ACK case since there is only PF 0/1 resource. Alt4 tries to give a simple rule for multiplexing for single SR and multiple SR cases. Generally Alt1 and Alt5 have the similar rule that using different CSs generated from the initial CS of HARQ-ACK for each SR configuration, which is the same rule as for the multiplexing of HARQ-ACK and single SR. The only difference is two SR configurations are selected based on SR priority when there are more than two SR configurations in the overlapped occasion in Alt1, while more than two SR configurations are divided into different SR groups based on HARQ-ACK bits in Alt5. 
Considering that it is hard to define the SR priority in Alt 1, and it is hard to match 1 bit HARQ-ACK in the SR occasion with 5 SR configurations and 2 bits HARQ-ACK in SR occasions with 2 SR configurations since the number of HARQ-ACK can be changed in different instances in Alt 5, we prefer to just have at most 2 SR configurations in each SR group regardless of the number of HARQ-ACK bits. The CS mapping for 1 and 2 bits HARQ-ACK with 2 SR configurations are shown in Table 1 and Table 2. 
Table 1: Cyclic shift mapping for different SR states for 1 bit HARQ-ACK
	HARQ-ACK/SR state
	NACK
	ACK

	Negative SR
	CSinitial
	(CSinitial +6)mod12

	Positive SR, SR Config. 1
	(CSinitial +2)mod12
	(CSinitial +8)mod12

	Positive SR, SR Config. 2
	(CSinitial +4)mod12
	(CSinitial +10)mod12


Table 2: Cyclic shift mapping for different SR states for 2 bits HARQ-ACK
	HARQ-ACK/SR state
	NACK, NACK
	NACK, ACK
	ACK, ACK
	ACK, NACK

	Negative SR
	(CSinitial +0)mod12
	(CSinitial +3)mod12
	(CSinitial +6)mod12
	(CSinitial +9)mod12

	Positive SR,

SR Config. 1
	(CSinitial +1)mod12
	(CSinitial +4)mod12
	(CSinitial +7)mod12
	(CSinitial +10)mod12

	Positive SR,

SR Config. 2
	(CSinitial +2)mod12
	(CSinitial +5)mod12
	(CSinitial +8)mod12
	(CSinitial +11)mod12


For case 2, by following the same multiplexing rule for HARQ-ACK+ single SR, SR should be dropped.

For case 4, there are two alternatives summarized in [1], by following the same multiplexing rule for HARQ-ACK+ single SR, we prefer Alt1, that is, HARQ-ACK can be always transmitted on SR PF1 resource so as to reduce the PUCCH overhead. Since SR resources have been assigned beforehand, selecting one SR resource to transit HARQ-ACK information is one nature choice. gNB can distinguish multiple SR configurations by blind detection on K SR PF 1 resources for K SR configurations and one(or multiple) HARQ-ACK PUCCH resource(s). Actually, regardless HARQ-ACK with PUCCH format 0 or 1, the same multiplexing rule can be used. That is, for case 3, the same multiplexing rule as for case 4 can be used.
Proposal 5: For the case of overlapping between HARQ-ACK and multiple SR configurations with overlapped SR occasions, if PUCCH format 0 or 1 is used and the same starting symbol of HARQ-ACK and multiple SR, the following methods should be considered:
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	different CSs derived from the initial CS of HARQ-ACK are used to transmit HARQ-ACK for each positive SR state within one SR group, and there are at most two SR configurations in each SR group, where the CS mappings are shown in Tables 1 and  2 for 1 and 2 HARQ-ACK bits respectively
	transmit HARQ-ACK on SR resource using PF1 for a positive SR;

transmit HARQ-ACK on HARQ-ACK resource using PF0 for negative SR;

	HARQ-ACK with PF1
	Drop SR
	


Issue3: Overlapping of HARQ-ACK and multiple TDM SR occasions on PUCCH
The overlapping can be shown as in Figure 1. There are two typical scenarios. 
· Scenario1: the multiple SR occasions are for different SR configurations in TDM manner. 

· Scenario2: the multiple SR occasions are for the same SR configuration with small periodicity.
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Figure 1: multiple SR occasions overlapping with one HARQ-ACK PUCCH
For scenario1, to support the multiplexing of multiple SR configuration and HARQ-ACK, different PUCCH format configurations as listed in the following table should be considered. 
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	Case 1
	Case 3

	HARQ-ACK with PF1
	Case 2
	

	HARQ-ACK with PF2/3/4
	Case 4


For case 1, if there is only one SR configuration in each SR occasion that overlapping with HARQ-ACK, then totally 2 SR configurations (since we only support at most two PUCCH TDM in one slot ) can be multiplexed with HARQ-ACK on PF0 resource by using the same rule for single PUCCH overlapping. However, if there are 2 or more SR configurations in each SR occasion, multiple SR configurations cannot be multiplexed with HARQ-ACK on PF0 resource. gNB may avoid 2 or more SR configurations in each SR occasion in case that there are multiple SR occasions that overlapping with HARQ-ACK.
For case 2, according to the multiplexing rule for single PUCCH overlapping, SR in the multiple SR occasion should be all dropped for the same starting symbol or when satisfy the timelines for different starting symbols.

For case 3, since HARQ-ACK can be transmitted on SR PF1 resource for the single PUCCH overlapping, UE can do the multiplexing of HARQ-ACK and SR for the overlapping of HARQ-ACK PUCCH with each SR occasion. That is, for HARQ-ACK overlapping with the first SR occasion, if there is positive SR in this occasion, then HARQ-ACK is transmitted on the first SR occasion using PF1 and there is no overlapping of HARQ-ACK and the second SR occasion; otherwise, if there is negative SR in the first SR occasion, then UE can further do the multiplexing of HARQ-ACK and the SR in the second SR occasion similarly.
For case 4, since the capacity of HARQ-ACK PUCCH is large, X bits SR that represent the multiple SR configurations in the multiple SR occasions can be transmitted together with HARQ-ACK on PF2/3/4 resource, where X=ceil(log2(K+1)), and K is the number of SR configurations in the multiple SR configurations.

Generally, the same rule as for HARQ-ACK overlapping with single SR occasion can be reused for HARQ-ACK overlapping with multiple SR occasions.
Proposal 6: For the case of overlapping between HARQ-ACK and multiple SR occasions associated with multiple SR configurations, the same multiplexing rule of HARQ-ACK overlapping with single SR occasion can be reused. Details are in the following table:
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	Use different CSs  derived from the initial CS of HARQ-ACK to transmit HARQ-ACK for selected positive SRs
	transmit HARQ-ACK on SR resource using PF1 for a positive SR;

transmit HARQ-ACK on HARQ-ACK resource using PF0 for negative SR;

	HARQ-ACK with PF1
	Drop SR
	

	HARQ-ACK with PF2/3/4
	X bits SR in HARQ-ACK resource


For scenario2, one way is to reuse the multiplexing rule of HARQ-ACK overlapping with multiple SR configurations by considering the SR information in different SR occasion similar as different SR configurations. In this case, the K for generating X bits SR should be redefined as the number of SR occasions of the same SR configuration that overlapping with HARQ-ACK. Alternatively, for simplicity, only the SR in one certain SR occasion can be selected to be multiplexed with HARQ-ACK, such as the SR in the first SR occasion is selected and the SR in other occasion is dropped. Then it is the same as overlapping between HARQ-ACK and single SR occasion.
Proposal 7: For the case of overlapping between HARQ-ACK and multiple SR occasions with single SR configuration, either the similar multiplexing rule of HARQ-ACK overlapping with single SR occasion can be reused or only multiplexing the HARQ-ACK with the SR in the first SR occasion.
2.3 Multiplexing of HARQ-ACK/SR and CSI

The only remaining issue is how to do the multiplexing when there is only one PUCCH resource set. There are 3 alternatives summarized in [1]. Our simulation results presented in the Appendix show that the blind detection has little performance degradation. Hence, we prefer Alt2 to avoid CSI dropping. This rule can be used for SPS HARQ-ACK overlapping with CSI on PUCCH as well if such overlapping is allowed to be configured by gNB.
Proposal 8: When there is overlapping between HARQ-ACK/SR and CSI in time domain with the same starting symbol and the ARI indicated resource is PUCCH Format 0 or 1, HARQ-ACK/SR and CSI can be transmitted on the CSI PUCCH resource.

2.4 Multiplexing of CSI and SR

Issue1: clarification of the agreements in RAN#92bis
In RAN1#92bis, we have the following agreements for multiplexing of CSI and SR. Firstly, it is not clear that the ‘more configured SR PUCCH resources’ refers to different SR configurations or the different SR occasions of one SR configuration. From our understanding, it should be for different SR configurations. In addition, it is not clear that how to multiplex all UCIs on the CSI PUCCH resource. We believe it means that X = ceil(log2(K+1))bits SR should be transmitted on CSI PUCCH resource, where K is the number of SR configurations. Finally, for more configured SR PUCCH resources, it can be located in the same or overlapping time domain position or it can be in a TDM manner. For the TDM manner of multiple SR PUCCH resources overlapping with one CSI PUCCH resource, the X should be based on the number of total SR configurations in the multiple SR PUCCH resources.
Proposal 9: It should be clarified that when a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources of different SR configurations, X= ceil(log2(K+1)) bits SR should be transmitted on the CSI PUCCH resource together with CSI, where K is the total number of SR configurations that overlapping with the CSI PUCCH resource.
	Agreements:

· When a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources in a slot,

· The UE multiplexes all UCIs on the CSI PUCCH resource using the corresponding UCI multiplexing rules for the overlapping PUCCH resources with the same starting symbol.

· FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources




Issue2: FFS: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources
As shown in Figure 2, similar as single CSI PUCCH overlapping with one or more SR PUCCH resources, there is no timeline used for such overlapping. For simplicity, SR can be transmitted on the first CSI PUCCH resource.
Proposal 10: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources, SR should be transmitted on the first CSI PUCCH resource.
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Figure 2: multiple CSI occasions overlapping with one SR PUCCH
3 Conclusions
Based on the above discussion, we have the following proposals: 
Proposal 1: When there is overlapping in time domain for HARQ-ACK with PUCCH format 1 and SR with PUCCH format 0, and the starting symbols of HARQ-ACK and SR are different, SR should be dropped when the earlier PUCCH satisfying the timeline condition in the WA.

Proposal 2: For CSI overlapping with SR on PUCCH with different starting symbols, SR is always transmitted on CSI PUCCH resource without considering the timeline conditions in the WA.
Proposal 3: UE is not expect to be configured with overlapping between SPS HARQ-ACK and CSI/SR on PUCCH, or UE can assume that the starting symbol of SPS HARQ-ACK and CSI/SR on PUCCH are always the same when there is overlapping.
Proposal 4: When there is overlapping in time domain for HARQ-ACK with PUCCH format 0 and SR with PUCCH format 1, and the starting symbols of HARQ-ACK and SR are the same, the following method should be supported: HARQ-ACK is transmitted on HARQ-ACK resource using PF0 when SR is negative, and HARQ-ACK is transmitted on SR resource using PF1 when SR is positive.
Proposal 5: For the case of overlapping between HARQ-ACK and multiple SR configurations with overlapped SR occasions, if PUCCH format 0 or 1 is used and the same starting symbol of HARQ-ACK and multiple SR, the following methods should be considered:
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	different CSs derived from the initial CS of HARQ-ACK are used to transmit HARQ-ACK for each positive SR state within one SR group, and there are at most two SR configurations in each SR group, where the CS mappings are shown in Tables 1 and  2 for 1 and 2 HARQ-ACK bits respectively
	transmit HARQ-ACK on SR resource using PF1 for a positive SR;

transmit HARQ-ACK on HARQ-ACK resource using PF0 for negative SR;

	HARQ-ACK with PF1
	Drop SR
	


Proposal 6: For the case of overlapping between HARQ-ACK and multiple SR occasions associated with multiple SR configurations, the same multiplexing rule of HARQ-ACK overlapping with single SR occasion can be reused. Details are in the following table:
	
	Multi-SR with PF0
	Multi-SR with PF1

	HARQ-ACK with PF0
	Use different CSs  derived from the initial CS of HARQ-ACK to transmit HARQ-ACK for selected positive SRs
	transmit HARQ-ACK on SR resource using PF1 for a positive SR;

transmit HARQ-ACK on HARQ-ACK resource using PF0 for negative SR;

	HARQ-ACK with PF1
	Drop SR
	

	HARQ-ACK with PF2/3/4
	X bits SR in HARQ-ACK resource


Proposal 7: For the case of overlapping between HARQ-ACK and multiple SR occasions with single SR configuration, either the similar multiplexing rule of HARQ-ACK overlapping with single SR occasion can be reused or only multiplexing the HARQ-ACK with the SR in the first SR occasion.
Proposal 8: When there is overlapping between HARQ-ACK/SR and CSI in time domain with the same starting symbol and the ARI indicated resource is PUCCH Format 0 or 1, HARQ-ACK/SR and CSI can be transmitted on the CSI PUCCH resource.

Proposal 9: It should be clarified that when a configured CSI PUCCH resource overlaps with one or more configured SR PUCCH resources of different SR configurations, X= ceil(log2(K+1)) bits SR should be transmitted on the CSI PUCCH resource together with CSI, where K is the total number of SR configurations that overlapping with the CSI PUCCH resource.
Proposal 10: When one SR PUCCH resource overlaps with two non-overlapping CSI PUCCH resources, SR should be transmitted on the first CSI PUCCH resource.
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5 Appendix
We do the simulation by assuming 1 or 2 bits HARQ-ACK is transmitted together with CSI on the CSI resource to show the impact of blind detection with different number of UCI bits. The detection assumption at gNB side is assumed as in Table 4, and the simulation assumptions is shown in Table 5. From figure 3 we can see that the performance gap between with and without blind decoding is very small.
Table 4: gNB blind detection with different number of UCI bits

	Blind Decoding with N bits by assuming there is HARQ-ACK and CSI
	Blind Decoding with N-1 or N-2 bits by assuming there is only CSI
	results

	Passed CRC
	Passed CRC
	Judged as N bits 

	Passed CRC
	Failed CRC
	Judged as N bits

	Failed CRC
	Passed CRC
	Judged as N-1 or N-2 bits

	Failed CRC
	Failed CRC
	Judged as N bits NACK.


Table 5: Simulation assumptions

	Parameter
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	20MHz

	Channel model
	TDL-C 300ns

	Subcarrier spacing
	15 kHz

	Antenna configuration
	2 Rx, 1Tx

	Performance 
	BLER 

	UCI payload size
	16 bits: 
Blind decoding with 16bits and 15 bits; or blind decoding with 16bits and 14bits. 
60 bits:
Blind decoding with 59bits and 58 bits; or blind decoding with 16bits and 14bits.

	Coding
	Polar encoding

11<UCI<=19, CRC 6 length
UCI>19, CRC 11 length

	PUCCH symbols
	PUCCH format 3, 
4 and 14 symbols, located allocation

	Used PRB
	1RB

	UE speed 
	3km/h


[image: image3.png]BER

10

10

10

10

4-symbol PF3, TDL-C-300ns, 3kmih

—%— UCI 16 bits
—e&— blind decode with 16 and 15 bits
—8— blind decode with 16 and 14 bits

SNR/AE



   [image: image4.png]14-symbal PF3, TOL-C-300ns, 3kmih

—%— UCI 60 bits
—e&— blind decode with B0 and 59 bits
—8— blind decode with B0 and 58 bits

SNR/AB




Figure 3: Simualtion results for blind decoding on CSI resource
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