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Introduction
In this contribution, remaining issues on multiplexing of SR and HARQ-ACK on PUCCH are discussed. 
The follow agreements achieved in the previous meeting [1] are as follow for reference:
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, a bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits to form the UCI bits.
· FFS: How to distinguish which SR configuration is prioritized for transmission in case of multiple SR configurations in the same occasion.
· Note: when two transmissions coincide, it means they have same starting symbol and duration.
· FFS when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time

Discussion

On SR ambiguity
As stated in the agreements, when the HARQ-ACK transmission with PUCCH format 2, 3 or 4 fully overlaps with an SR opportunity, one bit presenting the SR state is added at the end of the HARQ-ACK bits in the UCI bits.
The Rel.15 NR design supports multiple SR configurations to a UE, each of which maps to a logical channel or logical channel group. This differentiation can provide timely assistance information to the gNB MAC layer on the most accurate traffic type and reasonable scheduling parameters, including numerology and latency sensitivity.
Since a UE can be configured with more than one SR configurations to facilitate multiple services with diversified requirements and each SR configuration is configured with its own SR resource on PUCCH, the gNB should be able to tell which SR configuration that the SR corresponds to. This can be done by differentiated SR resources of each RRC configured SR configurations. However, if the situation as in the agreements happens, the SR is presented as one bit explicitly in the UCIs. In that way, if there are multiple SR resources corresponding to multiple SR configurations, the one bit is not able to reflect the real traffic type and best scheduling parameters from UE to gNB. A simple example in Figure.1 illustrates this situation. The aim of the first FFS bullet is to solve this issue.

[image: ]                                                                      Figure.1 An example of SR multiplexing with HARQ-ACK in PUCCH format 2, 3, or 4 when full overlap of resources in time domain happens

As shown in Figure.1, two SR configurations fully coincide in time domain in half of the slots. SR_Config_1 utilizes 1/2 periodicity of SR_Config_2. Thereby the ambiguity possibility is 50% in this example. A reasonable observation is that ambiguity arises more often with more SR configurations. 
Observation 1:  When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, with one bit SR presenting a bit presenting the state of the SR being absent or present, and appended at the end of HARQ-ACK bits, ambiguity is unavoidable and happens more often with more SR configurations.
From implementation point of view, the gNB can try to arrange SR resources belonging to different SR configurations with minimal overlapping. However, due to that the SR occasion can occur as often as every two OFDM symbols, short duration SR resource can easily overlap with long duration SR resource in some slots, which is inevitable anyway.
For more detailed analysis on the consequence of the ambiguity, supposing two SR configures are applied, all the possibilities are analyzed in Table.1. 
Table.1 SR ambiguity analysis
	Case No.
	SR_Config_1
	SR_Config_2
	The SR bit in UCI
	Comments

	1
	Negative
	Negative
	0
	No ambiguity

	2
	Positive
	Negative
	1
	Ambiguity may happen

	3
	Negative
	Positive
	1
	Ambiguity may happen

	4
	Positive
	Positive
	1
	Ambiguity. gNB could interpret the SR corresponds to the SR configuration with highest priority or most stringent requirement



As shown in Table.1, in the Case#2 and #3, gNB cannot distinguish the SR configuration priority represented by the SR bit appended in the UCI. gNB could choose to
a. Implement the UL scheduling assuming highest priority or most stringent requirement.
· This is not always necessary, especially when ambiguity happens more often with more SR configurations. That means no matter how many levels or number of priorities that the gNB is using for the SR configuration and scheduling, the efficacy is lost once ambiguity happens. It is noted that, unlike the cases in Table.1, more than 2 SR configurations will lead to most cases ambiguous.
b. Operate in a conservative way to wait for the BSR, which will indicate the buffer belongs to exactly which logical channel or logical channel group. After receiving BSR, the gNB can then perform the scheduling with reasonable strategy and parameters. Consequently, the packet delivery latency will be larger due to the additional round trip time.

Observation 2: It is difficult for gNB implementation to properly deal with the ambiguity, especially with more coinciding SR configurations.
[bookmark: _GoBack]Based on the above analysis, we propose to include the SR configuration information in the UCI bits when the SR transmission in the originally configuration resource is dropped and the SR bit is moved and appended at the end of the HARQ-ACK bits. This is a straightforward solution to alleviate the impact from the SR ambiguity and the overhead is marginal considering the overall payload of PUCCH format 2, 3 or 4. 
Proposal 1: When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity and a bit presenting the state of the SR being absent or present is appended to the end of HARQ-ACK bits to form the UCI bits, indicate the SR configuration information in the PUCCH.

On PUCCH transmission of SR and HARQ-ACK bits partially overlapping in time
This subsection discusses the second FFS bullet in the above agreements (when PUCCH transmission of SR and HARQ-ACK bits partially overlap in time).
When the transmission of SR and HARQ-ACK bits carried by long PUCCH formats partially overlap in time, there are two cases:
· Starting position of SR resource is before the transmission of HARQ-ACK with PUCCH format 2, 3 or 4.
In this case, the UE is not expected to transmit the SR and HARQ-ACK in the individually configured resource in FDMed manner in the overlapped duration. 
One solution is to follow the UE behaviour in the agreements for the full overlapping case. A SR bit presenting the positive/negative state can be appended to the end of HARQ-ACK bits and transmitted in the HARQ-ACK PUCCH resource. If the latency of delivering SR is a concern, UE can keep the transmission of SR on PUCCH before the overlapping part and drop the overlapping part.
Proposal 2: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, if SR resource starts before that of HARQ-ACK PUCCH, the UE should drop the SR transmission in the overlapped part. A bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits. Similar to the full overlapping case, the SR configuration information should also be indicated by the configured HARQ-ACK PUCCH.

· Starting position of SR resource is after the transmission of HARQ-ACK with PUCCH format 2, 3 or 4.
In this case, encoding the SR bit and HARQ-ACK bits jointly is not always feasible considering the processing timeline limitation. When the UE starts to encode the HARQ-ACK bits, whether SR state is negative or positive may not be always available. Hence a reasonable UE behaviour is to drop the SR or HARQ-ACK transmission at least in the overlapped duration. How to determine which one to drop can be further considered. The following factors can be starting points to discuss the dropping priority: whether the HARQ-ACK feedback interval (N1) is short enough to show a stringent latency expectation, whether the SR configuration is with a sufficiently high priority to make it justified to drop HARQ-ACK in the overlapped region, etc.
Proposal 3: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, and if SR resource starts after that of HARQ-ACK PUCCH, the UE should drop the SR or HARQ-ACK transmission at least in the overlapped duration. Dropping priority can be FFS.
 
Conclusions
In this contribution, we provide our views on remaining issues of multiplexing of SR and HARQ-ACK on PUCCH. To sum up the discussion and proposals:
Observation 1:  When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity, with one bit SR presenting a bit presenting the state of the SR being absent or present, and appended at the end of HARQ-ACK bits, ambiguity is unavoidable and happens more often with more SR configurations.
Observation 2: It is difficult for gNB implementation to properly deal with the ambiguity, especially with more coinciding SR configurations.
Proposal 1: When the transmission of HARQ-ACK bits with PUCCH format 2 or 3 or 4 coincides with a SR opportunity and a bit presenting the state of the SR being absent or present is appended to the end of HARQ-ACK bits to form the UCI bits, indicate the SR configuration information in the PUCCH.
Proposal 2: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, if SR resource starts before that of HARQ-ACK PUCCH, the UE should drop the SR transmission in the overlapped part. A bit presenting the state of the SR being absent or present, is appended to the end of HARQ-ACK bits. Similar to the full overlapping case, the SR configuration information should also be indicated by the configured HARQ-ACK PUCCH.
Proposal 3: When the transmission of HARQ-ACK bits with PUCCH format 2, 3 or 4 partially overlaps with an SR opportunity in time domain, and if SR resource starts after that of HARQ-ACK PUCCH, the UE should drop the SR or HARQ-ACK transmission at least in the overlapped duration. Dropping priority can be FFS.
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