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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]. RAN2 sent an LS to RAN1 to confirm the intended behavior [1]. RAN1 provided in R1-2102244 [2] a Reply LS for overlapping SR/Data, which will be discussed by RAN2 in RAN2#113bis-e. 
In connection with the RAN1 understanding in [2], we try to look at 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.
Our companion paper in [6] contains an analysis of overlapping SR/Data cases identified by RAN1 in [2].  This paper provides more detail on the aspects related with UCI multiplexing with a view to a potential enhancement of the interface to the physical layer. 

Background
MAC procedures for handling a Scheduling Request (SR) overlapping with an UL grant are specified in sections 5.4.1 and 5.4.4 of TS 38.321. We assume that MAC knows the RRC configured PUCCH resource for SR while the final PUCCH resource (selected after completion of the UCI multiplexing in the PHY layer) is not currently known to MAC. This is related to the following part in the MAC spec. 
TS 38.321, sub-clause 5.4.4
The MAC entity may be configured with zero, one, or more SR configurations. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells.
…
3>	if the PUCCH resource for the SR transmission occasion overlaps with neither a UL-SCH resource nor an SL-SCH resource; or   …
3>	if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or with the PUSCH duration of a MSGA payload, and the PUCCH resource for the SR transmission occasion for the pending SR triggered as specfied in clause 5.4.5 overlaps with any other UL-SCH resource(s), and the physical layer can signal the SR on one valid PUCCH resource for SR, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant(s) for any UL-SCH resource(s) where the uplink grant was not already de-prioritized, and the priority of the uplink grant is determined as specified in clause 5.4.1; or











Discussion
According the LS from RAN1 in [2] and following the analysis in [6], there are two different paths of understanding as to how much information is available to MAC about the outcome of UCI multiplexing. 
· Option A: MAC is not aware of the final result of the UCI multiplexing in PHY. This is supported by the current MAC spec. 
· Option B: MAC is aware of the final result of the UCI multiplexing in PHY. This would require that MAC is (made) aware of the final PUCCH resource from PHY. 
We would like to explore if interfaces could be enhanced to align the result of the UCI multiplexing in PHY with the selection of SR vs Data in MAC. Especially in the case when both UL skipping and lch-basedPrioritization are enabled, we think that a slightly updated behavior can beneficial. 
Let’s first recap the current procedure. For overlapping SR/PUSCH, when MAC prioritizes the SR transmission the UE adheres to the following behavior. 
For SR/PUSCH overlapping in time provided where the SR has higher LCH priority, if MAC has not yet delivered a MAC PDU for the PUSCH to PHY, MAC instructs the physical layer to only signal SR. Otherwise, if a MAC PDU has already been delivered to PHY, MAC still signals SR and PHY drops either the PUSCH or SR. 
In case MAC delivered both SR and PUSCH to PHY, the dropping behavior is based on (supported) L1 priority. If the L1 priority of SR and PUSCH is different and the UE supports intra-UE multiplexing/prioritization of overlapping PUCCH/PUSCH with two priority levels in the physical layer (UE capability ul-IntraUE-Mux-r16), PHY will drop the transmission with the lower L1 priority level. Otherwise, or if SR and PUSCH have the same L1 priority and overlap in time, the PHY behavior is defined as SR is dropped and PUSCH is transmitted. This is following Rel-15 behavior. 
The only exception is for PUSCH without UL-SCH where according to 38.213, the PUSCH is dropped. This is because a PUSCH without UL-SCH is transparent to MAC, hence such a PUSCH can never include BSR. Therefore, SR is given a higher precedence in the PHY procedures here.
Observation 1: If MAC delivers both SR and PUSCH and they overlap in time, PHY drops either SR or PUSCH. For same L1 priority, as PHY does not have a notion of LCH priority, it can happen that the transmission of higher LCH priority gets dropped. This is not intended by the RAN2 procedures.
Proposal 1: For SR and PUSCH of equal L1 priority overlapping in time, in order to facilitate an ability to drop the transmission of lower LCH priority, MAC delivers to the physical layer only SR or PUSCH but not both. 
Table 2 summarizes the overlapping SR/Data cases from two different angles in accordance with the perspectives taken by RAN1 in [2]. We list some key aspects for consideration and try to explore the benefits of each of the options. Option A is based on the understanding that MAC is not aware of the UCI multiplexing in PHY, as per the MAC behavior currently specified in Rel-16. Option B takes a first look at what might happen if MAC had more insight into UCI multiplexing in PHY. 
Table 2: Summary of overlapping SR/Data options
	Cases identified by RAN1
	Option A (current MAC)
MAC is not aware of the UCI multiplexing in PHY
	Option B (enhancement)
MAC is made aware of the UCI multiplexing in PHY

	

Case 1: only SR overlaps with PUSCH of equal L1 priority
	Both MAC and PHY select the same PUCCH resource, therefore, there is no need for MAC to know the outcome of the UCI multiplexing in PHY. 
	There should not be any difference between RRC configured valid SR PUCCH resource and final PUCCH resource for SR.

	

Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH
	Current Rel-16 MAC layer behavior aligns with RAN1 understanding 1.
Either SR or PUSCH is left out although PHY can transmit both.
MAC delives either SR or PUSCH, however, as the final PUCCH resource does not have an overlap, both SR and PUSCH could be sent, but one of them is unnecessarily dropped (or not considered).
	Both SR and PUSCH can be transmitted.
Pro: MAC is able to identify there is no overlap, hence both SR and PUSCH can be delivered to PHY. 
Con: Complexity to be evaluated.
Note there is going to be a different UCI multiplexing outcome depending on whether the SR is positive or negative. This affects both UL skipping and SR.
Case 2-1(a): If SR is positive as in the figure then there is no overlap. But if SR is negative, AN/CSI comes as part of PUSCH.
Case 2-1(b): If SR is positive as in the figure then there is no overlap. And if SR is negative, assuming sufficient timeline AN/CSI got transmitted earlier and is not part of the PUSCH either. 

	

Case 2-2: the final PUCCH resource after UCI multiplexing overlaps with PUSCH
	Current Rel-16 MAC layer behavior aligns with RAN1 understanding 2.
MAC selects either SR or PUSCH.
Con: MAC delivers either SR or PUSCH while in case 2-2(b), if SR is not present, PHY may actually transmit AN/CSI and PUSCH separately. 
If MAC sends both a MAC PDU and SR while expecting SR to be prioritized due to LCH based prioritization, SR gets dropped in PHY according to Rel-15 behavior, which applies for equal L1 priorities. 
	MAC knowledge of the final PUCCH resource may not lead to a different outcome for the selection of SR vs PUSCH in MAC, as anyway either SR or PUSCH can be sent. 
If the final PUCCH resource was known in advance, may, in some cases and when SR is negative, allow AN/CSI over a separate PUCCH even before the PUSCH, however there is a timing constraint related with the evaluation of SR status. 

	

Case 3: other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s)
	Current Rel-16 MAC layer behavior aligns with RAN1 understanding 2.
MAC selects either SR or PUSCH.
	No immediate advantage, since the final PUCCH resource does not change. However, extra knowledge can assist MAC in taking the decision.
MAC selects either SR or PUSCH.

	[image: cid:image001.png@01D6FBC1.DD0FD2F0]
Case 4: other UCI(s) overlaps with SR of an equal L1 priority, but SR does not overlap with the PUSCH of an equal L1 priority
	Current Rel-16 MAC layer behavior aligns with RAN1 understanding 1.
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.
Con: PHY may happen to drop the transmission of higher LCH priority, which is not intended from RAN2 perspective.
	Pro: Complexity reduction. If the final PUCCH resource was known to MAC, either SR or PUSCH can be delivered.
The transmission with the higher LCH priority can be selected for transmission, no accidential dropping.



As can be seen from the table above, when lch-basedPrioritization is configured and one assumes that MAC is unaware of the final PUCCH resource that PHY will select for SR following UCI multiplexing, the UE may end up with unnecessary SR/PUSCH dropping (when the final PUCCH isn’t overlapping with PUSCH) or unexpected SR dropping (when the final PUCCH is overlapping with PUSCH).
The MAC layer is required to signal SR on a valid PUCCH resource to instruct the physical layer to signal the SR. In our understanding, ‘valid PUCCH resource’ refers the RRC configured PUCCH resource for SR, as this is the only PUCCH resource that is known to MAC. If as a result of the UCI multiplexing in PHY the final SR-PUCCH resource used by the physical layer changes, then either MAC cannot signal the SR according to the blue text in clause 5.4.4 in TS 38.321 (quoted in section 2 above) or MAC signals the SR on a wrong PUCCH resource. Obviously neither of these two interpretations reflect the intented behavior. 
Proposal 2: RAN2 to discuss the use of ‘valid PUCCH resource’ in 38.321 with respect to it’s relation to the final PUCCH after UCI multiplexing in PHY. 
Proposal 3: RAN2 to discuss the splitting of SR and DATA capability for UL skipping enhancement.

Conclusions
This paper discusses aspects related with overlapping SR/Data and provides a path to a potential enhancement. We have the following observations and proposals:
Observation 1: If MAC delivers both SR and PUSCH and they overlap in time, PHY drops either SR or PUSCH. For same L1 priority, as PHY does not have a notion of LCH priority, it can happen that the transmission of higher LCH priority gets dropped. This is not intended by the RAN2 procedures.
Proposal 1: For SR and PUSCH of equal L1 priority overlapping in time, in order to facilitate an ability to drop the transmission of lower LCH priority, MAC delivers to the physical layer only SR or PUSCH but not both.
Proposal 2: RAN2 to discuss the use of ‘valid PUCCH resource’ in 38.321 with respect to it’s relation to the final PUCCH after UCI multiplexing in PHY. 
Proposal 3: RAN2 to discuss the splitting of SR and DATA capability for UL skipping enhancement.
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