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1 Introduction

An open issue is the handling of PUCCH and SRS in the case of collision, which is defined as at least a partial overlap in the time domain. Some agreements were made at the RAN1 #90bis meeting [1] regarding the collision between short PUCCH carrying CSI/beam failure recovery request and SRS:

Agreement:
· In the case of collision of SRS and short PUCCH carrying only CSI report/beam failure recover request, support the prioritization rules in the table below:

· The channel listed in the entries below are prioritized
	
	Aperiodic SRS
	Semi-persistent SRS
	periodic SRS

	sPUCCH with aperiodic CSI report only
	No rule**
	sPUCCH
	sPUCCH

	sPUCCH with semi persistent CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with periodic CSI report only
	SRS
	sPUCCH
	sPUCCH

	sPUCCH with beam failure recover request*
	sPUCCH
	sPUCCH
	sPUCCH


· In case SRS is dropped, dropping can be partial in time domain, i.e., only those OFDM symbols that collide with short PUCCH

*If short PUCCH is supported for beam failure recovery request and collision between short PUCCH with beam failure recovery request and aperiodic/semi persistent/periodic SRS occurs, prioritize short PUCCH

** UE can assume that this collision will not occur
The above prioritization rules are defined for collision of SRS and short PUCCH. This contribution discusses the collision handling between SRS and long PUCCH. 
2 Discussion
As specified in [2], a UE is not expected to be configured with SRS and PUSCH/UL DMRS/UL PTRS/Long PUCCH in the same symbol. However, from different UEs, the non-overlapped frequency resource of SRS symbols can be used for PUSCH/PUCCH.

A problem is that a UE cannot be aware of other UE’s SRS resource due to the UE specific configuration of SRS frequency/time domain resource. It is proposed in [3] to provide a mechanism to inform a UE about other SRS configurations by configuring RB-symbol-level resource sets that include all SRS configurations within the cell. This is then similar to a cell-specific SRS configuration but provided by UE-specific RRC signaling. In the following sections, we discuss the multiplexing of SRS and long PUCCH assuming a UE has been configured by RRC signaling with RB-symbol-level resource sets covering other SRS configurations in the cell.
The collision of SRS and PUCCH format 1
For NR PUCCH format 1, since time domain OCC is applied for PUCCH format 1, when frequency resource collision of PUCCH format 1 and SRS happens in the same symbols, the priority rules for collision of SRS and short PUCCH could be reused. In addition, a supplementary rule should be added that the PUCCH carrying HARQ and/or SR has higher priority over SRS transmission.
When PUCCH format 1 and SRS resource are transmitted at the same symbols without frequency overlapping, they could be transmitted simultaneously from different UEs. For the same UE, the priority rules should be applied as agreed.

Proposal 1: For collision between the PUCCH format 1 and SRS from the same UE, the 
PUCCH carrying HARQ and/or SR has higher priority over SRS transmission.
The collision of SRS and PUCCH format 3/4
For NR PUCCH format 3/4, besides the priority rules, a flexible and effective multiplexing method such as rate matching could be considered. 

For the same UE, TDM manner was agreed, which means the PUCCH format 3/4 transmission could be rate matched around SRS to preserve the low PAPR/CM property. An example is shown in Figure 1  for a 10-symbol PUCCH transmission where the last symbol of the PUCCH is not transmitted as it collides with SRS.

For different UE, the unused frequency resource of SRS symbols could be used for PUCCH transmission, the PUCCH rate matching could be RE level. 
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Figure 1: Rate matching based on symbol level and based on non-overlapping resource
The rate matching would be different depend on PUCCH format and whether collision happens from same UE or different UEs. To make it clear, assume a UE is configured with RB-symbol-level resource sets containing SRS resource set A and resource set B as shown in figure 2. SRS resource set A is located at symbol #10 with period of 2 slots while SRS resource set B is located at symbols #12 and  #13 symbols with period of 1 slot. The UE is scheduled to transmit PUCCH on symbols #7~#13 in slot 0. The PUCCH resource is partially overlapped with SRS resource set B on the last two symbols in slot 0 but doesn’t collide with SRS resource set A in in slot 0. 
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Figure 2: The resource position relationship between PUCCH and SRS
Then based on assumption of Figure 1, the multiplexing between SRS and PUCCH format 3/4 could be illustrated as the following possible cases:

Case 1: As shown in Figure 3, the overlapping resource with set B at last two symbols are not used for PUCCH mapping (rate matching on overlapping resource), which is for the scenario that the UE is not configured SRS transmission on the SRS resource in slot 0.


[image: image3.emf]slot0 slot1 slot2 slot3

2 slot period

1 slot period

Configured PUCCH 

resource

Resource for 

PUCCH mapping

SRS 

resource 

set B

SRS 

resource 

set A

PUCCH 

resource 


Figure 3: case 1
Case 2: The overlapping resource with set B at last two symbols and the entire resource at #10 symbol are not used for PUCCH resource mapping, due to the phase continuity issue, the symbol #11 is neither used to PUCCH resource mapping. In this case the UE is configured SRS transmission at SRS resource set A.
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Figure 4: case 2
Case 3: The entire resource at last two symbols are not used for PUCCH resource mapping (rate matching based on symbol level), the UE is configured SRS transmission on resource set B at last two symbols. Besides, such symbol based rate matching can also be applied when the PUCCH is configured with PUCCH format 4.
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Figure 5: case 3
Case 4: The entire resource at #10 symbol and last two symbols in slot 0 are not used for PUCCH resource mapping. Some scenarios could result in the multiplexing pattern as shown in Figure 6, such as the PUCCH is configure with format 4 and it need transmit SRS on resource set A. Moreover, it could be specified to use symbol level rate matching as long as there are collided symbols regardless whether there is overlapping frequency resource or not.
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Figure 6: case 4
The merit of rate matching is that improving the utilization of resource especially in case of aperiodic SRS is prioritized on long PUCCH with semi-persistent/periodic CSI only, to avoid dropping whole long PUCCH transmission and wasting more resource. 

The drawback of rate matching method is when the overlapping resource of PUCCH occupies a huge portion, the code rate of UCI bits would be increased dramatically which is harmful to performance of PUCCH. Even more, since the SRS resource could be located at last 6 symbols in a slot with occupying 1, 2 or 4 adjacent OFDM symbols, it is possible that the DMRS of PUCCH is collided with SRS resource, the whole DMRS positions are shown in the Table 1. The PUCCH rate matching should not be applied in DMRS symbols. 

In order to protect the DMRS of long PUCCH, a consideration is to drop the SRS, which needs more effort to indicate other UE’s DMRS position in case of different UE collision. Or to investigate a multiplexing method for SRS and DMRS, such as comb structure, which needs specific a new DMRS structure of long PUCCH. In current release, it may require gNB scheduling to avoid this collision; otherwise, SRS is dropped.

Table1: DM-RS positions for PUCCH format 3 and 4
	PUCCH length
	DM-RS position 
[image: image7.wmf]l

 within PUCCH span

	
	No additional DM-RS
	Additional DM-RS

	
	No hopping
	Hopping
	No hopping
	Hopping

	4
	1
	0, 2
	1
	0, 2

	5
	0, 3
	0, 3

	6
	1, 4
	1, 4

	7
	1, 4
	1, 4

	8
	1, 5
	1, 5

	9
	1, 6
	1, 6

	10
	2, 7
	1, 3, 6, 8

	11
	2, 7
	1, 3, 6, 9

	12
	2, 8
	1, 4, 7, 10

	13
	2, 9
	1, 4, 7, 11

	14
	3, 10
	1, 5, 8, 12


Proposal 3: For collision handling of SRS and PUCCH format 3/4, PUCCH rate matching could be considered and be indicated by gNB:

· The PUCCH is rate matched around SRS indicated by RB-symbol-level resource set(s).

· From the same UE perspective, DMRS symbols should be protected, such as dropping overlapping SRS symbol or leave it to gNB implementation.

3 Conclusion
In this contribution, we discussed the multiplexing of SRS and long PUCCH. We have the following proposals:
Proposal 1: From different UE perspective, the PUCCH and SRS resource could be transmitted simultaneously when they are collided at the same symbols without frequency resource overlapping.

Proposal 2: For collision between the PUCCH format 1 and SRS from the same UE, the 
PUCCH carrying HARQ and/or SR has higher priority over SRS transmission.
Proposal 3: For collision handling of SRS and PUCCH format 3/4, PUCCH rate matching could be considered and be indicated by gNB:

· The PUCCH is rate matched around the SRS indicated RB-symbol-level resource set(s).

· From the same UE perspective, DMRS symbols should be protected, such as dropping overlapping SRS symbol or leave it to gNB implementation.
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