


3GPP TSG-RAN WG2 Meeting #114 Electronic	R2-2105866
Elbonia, 19 – 27 May 2021	


Agenda item:	6.1.3.1
Source:	Nokia, Nokia Shanghai Bell
Title:	Interaction between MAC and PHY for UCI Multiplexing Issues
WID/SID:	NR_IIOT-Core - Release 16
Document for:	Discussion and Decision
1	Introduction
In RAN2 #113bis-e, we have discussed the issue on whether MAC can know the final resource of SR when conducting intra-UE prioritization between a SR-PUCCH and PUSCH. Based on the offline discussion, we end up with two options as proposed in the summary R2-2104631:
	Proposal 1: RAN2 further study the following options when performing LCH-based prioritization procedure in Rel-16 (for down-selection in Phase-2 discussion)
· Option 1: UCI multiplexing is not taken into account in the MAC layer (i.e. normative text for clarification is needed). 
· Option 2: It is up to UE implementation whether to take UCI multiplexing into account in the MAC layer (i.e. normative text for clarification is needed).   



We are supposed to reply RAN1 how this should be handled as soon as possible. Unfortunately we were not able to reach an agreement and it was decided that we would postpone this issue, while some more general discussions should be triggered to determine a principle on how MAC-PHY interaction issues should be handled in the future. The detailed discussions in RAN2 #113bis-e noted as following:
	R2-2104631	Report of [AT113bis-e][015][NR16] Overlapping UCI Data and SR of equal priority and UL skipping vivo
DISCUSSION
-	Chair wonder if there is a variant still on the table that the UE can take into account UCI multiplexing? Samsung think this option was supported only by a few companies and this can be discarded
-	Samsung think option 1 is the simplest, 
-	ZTE think MAC can be aware, and can compromise to Option 2. 
-	Chair think we need a more fundamental discussion on cross-layer interaction between MAC and L1. 
-	LG think option 1 is the best way, Option 2 is not good.  
-	MTK think O1 is simplest for MAC but not the simplest for the UE as MAC makes a decision and then L1 decides differently and the result is not simple. 
-	Chair: Observe that option 1 has wide support. 
-	Chair propose to: Postpone this specific issue (MAC awareness of UCI for this case), invite for a more principal discussion on MAC L1 dependencies next meeting.
-	vivo think we shold avoid NBC changes
-	Apple think this was complex, think understanding 1 is the case. Think this will not change. 
-	Nokia think O1 is the one that is simplest for gNB and think we cannot postpone for long. 
-	Huawei are ok to have a general discussion, but think R1 expects a reply. Think we can ask R1 whether UE can choose behaviour. Not in favour of option 2 at all. 
-	Intel prefer to define clear UE behaviour and think this is not stable yet. 
-	Ericsson agrees that we should not postpone for long would be ok to say that UL skipping and LCH based prioritization cannot be configured in thie release.
-	Oppo think R1 already wait for our reply think O1
-	CATT think in principle we should postpone but we are late and there are different UE implemetations. 
Postpone this issue

Vivo suggest a small reply LS
-	Ericsson think it is not needed as R2 WA has already been assumed in the R1 email discussion. 
-	Chair: No LS




In this contribution, we aim to provide our views on:
· General rules that should be applied on MAC and PHY interactions
· MAC’s awareness on the final resource of SR

2	Discussion on MAC-PHY Interaction
In order to properly carry out some of the MAC functionalities, it is assumed that MAC should obtain certain information from PHY, such that appropriate decisions can be made by MAC. For instance, some physical layer parameters of an uplink grant such as PUSCH duration or subcarrier spacing should be indicated to MAC, so MAC is able to perform LCP on an uplink grant based on configured LCH mapping restrictions. This is shown in the following NOTE:
	NOTE:	The Subcarrier Spacing index, PUSCH transmission duration, Cell information, and priority index are included in Uplink transmission information received from lower layers for the corresponding scheduled uplink transmission.



Similarly, for LCH based prioritization, the MAC would only consider further processing an uplink grant if its PUSCH can be transmitted by PHY, according to the magic sentence written in TS 38.321:
	When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:



For instance, if the grant overlaps with an on-going PUSCH, and it is infeasible for PHY to cancel this on-going PUSCH while prioritizing another grant, then PHY may raise a flag to MAC to indicate such infeasibility, which allows MAC to preclude this grant entirely from consideration of intra-UE prioritization.
In all these examples, it is clear that the information to be provided by PHY is mainly based on what is already known or determined (e.g. PHY parameters of a grant indicated in the DCI) or what is already being undertaken at PHY (e.g. PHY is already transmitting a PUSCH and whether it could be cancelled). This is far-fetched to assume that PHY could provide information to MAC based on speculation rather than what is already operating in PHY.
Proposal 1: For the information that can be provided from PHY to MAC, RAN2 should assume that PHY can only provide to MAC the information based on what is already known/determined or what is already undertaken by PHY.
3	Discussion on Resource for UCI Multiplexing
According to the LS R1-2102244, RAN1 mainly considers UCI awareness of MAC for the following cases:
	

For case 2-1, if there are other UCI(s) i.e., HARQ-ACK/CSI of the equal L1 priority overlapping with SR, and the final PUCCH resource after UCI multiplexing among different PUCCHs does not overlap with the PUSCH and does not overlap with any other PUSCH if any, RAN1 has the following two understandings: 
· 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. Therefore, MAC can decide to deliver SR or PUSCH.  
· Understanding 2: MAC is aware of the UCI multiplexing in PHY based on UL skipping agreement (as in LS R1-2009772). If MAC is aware that the final PUCCH resource does not overlap with the PUSCH, and does not overlap with any other PUSCH, then for case 2-1, MAC can send both SR and PUSCH to PHY.



In this case, it is argued that MAC may unnecessarily drop the PUSCH if it is not aware of the final PUCCH resource for the SR, because the final PUCCH resource for the SR may not be conflicting with the PUSCH anyway. Nevertheless, we must point out that, whether the SR is transmitted on its default PUCCH or multiplexed into another PUCCH resource (along with HARQ feedback and CSI) depends on MAC’s decision on which of the SR and PUSCH is prioritized based on LCH priority. Thus, before the MAC decision on LCH-based prioritization is made, even the PHY itself is not sure where the SR will be conveyed. According to our views in Proposal 1, PHY cannot provide information relating to a pending issue, and therefore we do not think PHY can notify MAC where the SR will be eventually transmitted. Hence, it is awkward to assume that MAC can know the final resource for the SR.
Proposal 2: For Case 2-1 in R1-2102244, RAN2 should confirm that MAC is not aware of UCI multiplexing before LCH-based prioritization (if configured) is conducted by MAC.

Additionally, R1-2102244 also considers another case:
	[image: cid:image001.png@01D6FBC1.DD0FD2F0]

	For case 4, if there is no resource overlapping between SR and PUSCH of an equal L1 priority, and the final PUCCH resource after UCI multiplexing among different PUCCHs overlap with the PUSCH, RAN1 has the following two understandings: 
· 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. Therefore, MAC can send both SR and PUSCH to PHY, based on current RAN1 specification TS 38.213, PHY will multiplex other UCI(s) i.e., HARQ-ACK/CSI in the PUSCH and does not transmit SR.
· Understanding 2: MAC is aware of the UCI multiplexing in PHY, If MAC is aware that the final PUCCH resource overlaps with the PUSCH, then MAC can decide to deliver SR or PUSCH.




For this case, the original PUCCH for SR does not overlap with the PUSCH, and therefore from MAC perspective there is no intra-UE prioritization that is to be handled. According to TS 38.321, we have the following text:
	[bookmark: _Toc37296203][bookmark: _Toc46490329][bookmark: _Toc52752024][bookmark: _Toc52796486][bookmark: _Toc67931545]5.4.4	Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission.
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. For a logical channel or for SCell beam failure recovery (see clause 5.17) and for consistent LBT failure recovery (see clause 5.21), at most one PUCCH resource for SR is configured per BWP.
……
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap:
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 able to perform this SR transmission simultaneously with the transmission of the 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 specified 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
……



It is clear that, in Clause 5.4.4 of TS 38.321, the term “PUCCH resource for SR” is referring to the default PUCCH resource corresponding to each SR configuration. Based on the description of Case 4 in R1-2102244, such PUCCH resource for SR does not overlap with PUSCH, and hence MAC does not conduct any LCH based prioritization when processing this SR. In other words,  from MAC point of view both PUCCH for SR and PUSCH can be transmitted. The PHY will any conduct UCI multiplexing into PUSCH if there is a need, and we do not see any impact to RAN2. Even if SR cannot be multiplexed into PUSCH in the end, we do not think this is a critical issue because (1) the MAC may include the related BSR in the PUSCH anyway, and (2) SR multiplexing into PUSCH is possible in Rel-17 based on RAN1 discussion. Therefore, we think how UCI multiplexing is done can be transparent to MAC in Rel-16 at least, hence Understanding 1 is well aligned with MAC’s behaviour.
Proposal 3: For Case 4 in R1-2102244, RAN2 should confirm that MAC is not aware of UCI multiplexing before LCH-based prioritization (if configured) is conducted by MAC.

4	Conclusion
In this paper we have discussed a more general principal of MAC-PHY interaction, as well as our views on whether MAC is aware of UCI multiplexing in PHY. Specifically, we have the following proposals:
Proposal 1: For the information that can be provided from PHY to MAC, RAN2 should assume that PHY can only provide to MAC the information based on what is already known/determined or what is already undertaken by PHY.
Proposal 2: For Case 2-1 in R1-2102244, RAN2 should confirm that MAC is not aware of UCI multiplexing before LCH-based prioritization (if configured) is conducted by MAC.
Proposal 3: For Case 4 in R1-2102244, RAN2 should confirm that MAC is not aware of UCI multiplexing before LCH-based prioritization (if configured) is conducted by MAC.
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