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Introduction
In RAN2#112e, RAN2 discussed the treatment of SR and Data for the case when the priority of the logical channel that triggered SR is higher than the priority of the uplink grant, and the SR and the UL grant are of the same L1 priority [3]. As a result of this discussion, RAN2 sent an LS to RAN1 to confirm the intended behavior [1]. 
RAN2 LS on overlapped data and SR are of equal L1 priority (R2-2011124)
RAN2 confirms the intended UE behavior: For the case of overlapping PUSCH and SR with equal L1 priority and MAC has not yet delivered MAC PDU for the PUSCH to PHY, if SR is prioritized in MAC, MAC shall not deliver the MAC PDU for the PUSCH and shall instruct PHY for SR transmission. 
RAN2 respectfully asks RAN1 to confirm if the intended UE behavior mentioned above can be supported.







RAN1 provided in R1-2102244 [2] a Reply LS for overlapping SR/Data, which is to be discussed by RAN2 in RAN2#113bis-e. 
RAN1 Reply LS on overlapped data and SR are of equal L1 priority (R1-2102244)
Assumption: LCH based prioritization is configured. Rel-16 UL skipping is possible. 
RAN1 respectfully asks RAN2 to provide their views on which understanding (understanding 1 or 2) is the intended MAC layer behavior or to provide an alternate understanding, for case 2-1, case 2-2, case 3 and case 4.  






On a slightly related note, RAN2 agreed in RAN2#113e a number of CRs for UL skipping in Rel-16 [4][5], which got approved by the RAN#91e plenary in March 2021.
This contribution provides our view from on the various SR/Data overlapping cases identified by RAN1 in [2]. In connection with the RAN1 understanding in [2], we analyse the overlapping SR/Data cases while considering what happens when a) MAC does not have a knowledge of the UCI multiplexing and b) MAC would have a knowledge of the UCI multiplexing.

Discussion
Current operation
MAC procedures to handle a Scheduling Request (SR) overlapping with an UL grant are specified in sections 5.4.1 and 5.4.4 of TS 38.321. 
In general, the current MAC behavior can be summarized as follows.
· MAC is not aware of the UCI multiplexing in PHY
· MAC only knows the RRC configured PUCCH resource for SR; the final PUCCH resource (selected after completion of the UCI multiplexing in the PHY layer) is not known to MAC
· According to the RAN2 working assumption in [4], LCH based prioritization evaluated before UL skipping
When lch-basedPrioritization is configured and SR/Data overlap, MAC prioritizes SR transmission over an uplink grant if the priority of the logical channel (LCH) that triggered the SR is higher than the priority of the uplink grant for an overlapping UL-SCH resource. Otherwise, if the LCH priority associated with the MAC PDU is higher than the LCH priority triggering the SR, MAC prioritizes the UL grant.
When lch-basedPrioritization is not configured, MAC can only instruct the physical layer to signal SR if the PUCCH resource for the SR transmission occasion does not overlap with an UL-SCH resource. 

Case-by-case analysis of overlapping SR/Data
In the following, we analyze the cases identified by RAN1 in the LS [2] and provide our understanding.  
In case 1, case 2-1(a), case 2-2(a), the SR status is available together with the UL grant. In case 2-1(b), case 2-2(b), case 3(b), the SR could be evaluated shortly before the UL grant. As the SR overlaps with the UL grant the UE has to consider both SR and grant together. In case 3(a), MAC can decide to deliver either SR or PUSCH. 
Table 1 summarizes the choices taken by MAC.
Table 1: MAC delivery of overlapping SR/Data in different configurations
	
	LCH based prioritization not configured
	LCH based prioritization configured

	UL skipping not configured
	The physical layer is not instructed to signal SR, PUSCH is selected.
	Select either the PUSCH or SR, whatever has higher LCH priority.

	UL skipping configured
	The physical layer is not instructed to signal SR, PUSCH is selected.
	Select either the PUSCH or SR, whatever has higher LCH priority.
Assumption: lch-basedPrioritization takes precedence over UL skipping. 



For case 1, the SR status is available together with the UL grant. If lch-basedPrioritization is configured, MAC can evaluate the overlapping PUCCH resource for SR transmission together with the UL grant for PUSCH and prioritize either the PUSCH or SR, whatever has higher LCH priority. If lch-basedPrioritization is not configured and the SR transmission occasion overlaps with a UL-SCH resource then the physical layer is not instructed to signal SR. If the SR happens to overlap with a PUSCH without UL-SCH in PHY, then according to 38.213 the PUSCH is dropped by PHY. 
Observation 1: Case 1 aligns with the intended UE behavior in R2-2011124 when lch-basedPrioritization is configured. 
For case 2-1, understanding 1 is in accordance with the current MAC behavior specified for Rel-16 when UL skipping is not configured. Since MAC is only aware of the RRC configured SR PUCCH resource, which overlaps with the PUSCH, MAC selects either the PUSCH or SR while in reality both SR and PUSCH could be transmitted by PHY. This seems an inefficient use of resources. 
For case 2-1 understanding 2, if UL skipping is configured, MAC would know there is no HARQ-ACK/CSI to be multiplexed into the PUSCH. However, MAC is not aware of the outcome of the UCI multiplexing in PHY. Therefore, SR is evaluated the same way as in understanding 1 with the same result: MAC selects either the PUSCH or SR while in reality both SR and PUSCH could be transmitted by PHY. 
Observation 2: The current MAC layer behavior of case 2-1 is according to RAN1 understanding 1. MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. As a result, MAC selects either the PUSCH or SR although the physical layer is able to transmit both SR and PUSCH. 
For case 2-2, the according to the current RAN2 working assumption, LCH based prioritization is prioritized over UL skipping, therefore, there current MAC behavior aligns with RAN1 understanding 2.  If the SR has a higher LCH priority than the logical channels associated with the PUSCH, SR is prioritized and PUSCH is not delivered. 
For case 2-2(b), depending on whether SR is positive or negative, UCI multiplexing results in different outcomes for the final transmission opportunities at the PHY layer. If the SR was known to be negative, there would be no need to multiplex HARQ-ACK/CSI into the PUSCH such that the physical layer could transmit HARQ-ACK in PUCCH independent of the PUSCH. However, since the decision in MAC also depends on the overlapping UL grant, MAC may not be able to instruct the physical layer to signal SR ahead of the PUSCH, in which case the UCI multiplexing is not finalized and AN/CSI most likely overlaps with the PUSCH. Otherwise, if the status of the SR is known to be negative in advance of the UL grant (or at least it is still fast enough), AN/CSI can be transmitted on an earlier PUCCH and the PUSCH follows suit. It is questionable though whether this is practically possible when UL skipping is configured, so we assume AN/CSI gets multiplexed into the PUSCH when there is a timing constraint. MAC selects either SR or PUSCH for transmission. 
For case 3, case 3(b) is similar to case 2-2 and MAC will select either PUSCH or SR. Case 3(a) is the initial case mentioned in [1]. If the SR is prioritized based on LCH priority, MAC shall not deliver the MAC PDU for the PUSCH. 
To streamline the handling of UL skipping and LCH-based prioritization further, RAN2 currently waits for RAN1 to conclude on the intended combined treatment of UL skipping and intra-UE prioritization. 
Obervation 3: The current MAC layer behavior of case 2-2 and case 3 is according to RAN1 understanding 2, which is based on the current RAN2 working assumption: The LCH based prioritization check is prioritized over the UL skipping related check in MAC. 
For case 4, MAC is only aware of the RRC configured SR PUCCH resource and thus unable to identify the overlapping UCI/SR and PUSCH. If UL skipping is configured, the AN/CSI is assumed to be multiplexed with the PUSCH but MAC does not know about the overlapping SR. Therefore, SR is delivered first and PUSCH is delivered second (for the UL grant that follows). MAC assumes both SR and PUSCH can be transmitted by the physical layer. In reality, PHY multiplexes SR with AN/CSI and selects either the transmission with SR or the PUSCH. 
Awareness of the final PUCCH resource in MAC can help reduce complexity in this case. If MAC has to deliver both SR and PUSCH where one of them has a higher LCH priority and PHY is going to drop either SR or PUSCH based on the UCI multiplexing rules, and SR and PUSCH have the same L1 priority, unfortunaletly PHY cannot prioritize the two transmissions. So PHY may happen to drop the transmission of higher LCH priority, which is not intended from RAN2 perspective. In this situation, if MAC was aware of the final PUCCH resource then the transmission with the higher LCH priority can be selected for transmission. Furthermore, we can save complexity in PHY evaluating two transmissions of the same L1 priority while finalizing the UCI multiplexing. 
Observation 4: The current MAC layer behavior of case 4 is according to RAN1 understanding 1. MAC is not aware of the UCI multiplexing in PHY, and MAC does not know whether the final PUCCH overlaps with the PUSCH. The MAC only knows configured PUCCH resource for SR. However, if MAC sends both SR and PUSCH to PHY, the PHY layer may drop a transmission of higher LCH priority otherwise expected to succeed. 

Summary
Figure 1 provides a quick summary view for the two understandings provided by RAN1. 
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Figure 1: Summary of understanding
Proposal 1: MAC is not currently aware of the UCI multiplexing in PHY, but we see value in enhancing the MAC-PHY interface. 
Our companion paper in [6] provides additional details on a potential enhancement. 
Proposal 2: RAN2 to discuss if MAC procedures can be enhanced by additional information to incorporate the result of the UCI multiplexing.

Conclusions
This paper discusses aspects related with overlapping SR/Data and provides our view on the cases identified by RAN1 in [2]. We have the following observations and proposals:
Observation 1: Case 1 aligns with the intended UE behavior in R2-2011124 when lch-basedPrioritization is configured. 
Observation 2: The current MAC layer behavior of case 2-1 is according to RAN1 understanding 1. MAC is not aware of the UCI multiplexing in PHY, MAC does not know whether the final PUCCH overlaps with the PUSCH or not, MAC only knows configured PUCCH resource for SR. As a result, MAC selects either the PUSCH or SR although the physical layer is able to transmit both SR and PUSCH. 
Obervation 3: The current MAC layer behavior of case 2-2 and case 3 is according to RAN1 understanding 2, which is based on the current RAN2 working assumption: The LCH based prioritization check is prioritized over the UL skipping related check in MAC. 
Observation 4: The current MAC layer behavior of case 4 is according to RAN1 understanding 1. MAC is not aware of the UCI multiplexing in PHY, and MAC does not know whether the final PUCCH overlaps with the PUSCH. The MAC only knows configured PUCCH resource for SR. However, if MAC sends both SR and PUSCH to PHY, the PHY layer may drop a transmission of higher LCH priority otherwise expected to succeed. 
Proposal 1: MAC is not currently aware of the UCI multiplexing in PHY, but we see value in enhancing the MAC-PHY interface. 
Proposal 2: RAN2 to discuss if MAC procedures can be enhanced by additional information to incorporate the result of the UCI multiplexing.
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