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1. Introduction

In RAN2#112-e meeting, RAN2 sent a LS [1] to RAN1 to check the intended UE behaviour for the case which involves overlapping PUSCH and SR with equal L1 priority. From MAC layer’s perspective, if MAC entity has not yet delivered MAC PDU for the PUSCH to PHY and if SR is prioritized in MAC, MAC shall instruct PHY for SR transmission and shall not deliver the MAC PDU to PHY. 
In RAN1#104-e meeting, RAN1 replied a LS [2]. First of all, RAN1 agrees with the intended behaviour described in the LS [1] for the case where only SR overlaps with PUSCH of equal L1 priority. Besides, RAN1 has provided more overlapping cases, which involve other UCI(s), SR and PUSCH with equal L1 priority. For each case, RAN1 has listed two different understandings on the intended MAC layer behaviour. RAN1 wants to inquire about RAN2’s view on each case.
In the last RAN2 meeting, RAN2 has discussed RAN1’s reply LS. For the relationship between LCH based prioritization and UL skipping, RAN2 has made the following agreement [3]:

	· Confirm the WA that LCH based prio has higher priority than UL skipping still applies, and we expect that if there are issues, RAN1 will come-back.


However, for the issue whether MAC is aware of the final PUCCH resource after UCI multiplexing in PHY, it was postponed. Besides, during the online discussion, it was suggested to have a more fundamental discussion on cross-layer interaction between MAC and L1. In this contribution, we first provide our analysis on the issue whether MAC shall be aware of the final PUCCH resource after UCI multiplexing in PHY, and then we try to have more discussion on the general cross-layer interaction issue.
2. Discussion
2.1 Whether MAC shall be aware of UCI multiplexing
For case 2-1 and case 4 elaborated in RAN1’s LS, RAN1 wonders whether MAC layer is aware of the UCI multiplexing in PHY. Taking case 2-1 in the replied LS as an example, the potential PUCCH resource for SR transmission overlaps with the PUSCH. Since the SR overlaps with other UCI(s) with equal L1 priority, they can be multiplexed and the final PUCCH resource after multiplexing does not overlap with the PUSCH. If MAC layer can be aware of the multiplexing, the MAC layer knows the actual/final PUCCH resource for SR transmission does not overlap with the PUSCH, it would make sense, for resource utilization, to deliver both SR and MAC PDU for the PUSCH to PHY. In such case, both the SR and PUSCH can be sent to the network. Otherwise if MAC layer is not aware of the multiplexing, the MAC layer will only deliver the SR or MAC PDU for the PUSCH to PHY, based on the result of LCH-based prioritization.
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Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH

In MAC spec, when MAC decides whether an SR shall be instructed to the PHY layer, “configured valid PUCCH resource for SR” is used as one condition, as shown in the following text extracted from the current MAC spec. In such procedure, we understand that the PUCCH resource for SR transmission is assumed as potential PUCCH resource configured via RRC messages, not the actual/final PUCCH resource after PHY layer multiplexing. In other words, it is understood that MAC layer needs not to be aware of the UCI multiplexing in PHY for such procedure.
	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


If it is understood that MAC layer can be made aware of such multiplexing, then before MAC layer actually delivers the SR to PHY layer for each pending SR, MAC layer needs to interact with PHY layer in order to check whether a valid PUCCH resource for SR overlaps with other UCI(s) and to acquire the actual position of the final PUCCH resource after considering all possible ways of multiplexing. The PHY layer would need to perform a “pre-multiplexing” procedure to determine the actual position of the final PUCCH resource. After obtaining the potential actual position of the final PUCCH resource from the PHY layer, the MAC layer can then judge whether the final PUCCH resource overlaps with the PUSCH, and accordingly determine whether or not the MAC PDU for PUSCH and SR can be both delivered to the PHY layer for transmission. 
Such interaction could incur additional complexities for both MAC layer and PHY layer and cause circular dependency between PHY and MAC, which would outweigh the possible gain on PHY transmission efficiency via multiplexing. For example, MAC needs to check on the PHY multiplexing before delivering SR/MAC PDU and PHY needs input from MAC (whether or not there will be SR transmission) to decide on how to multiplex. As far as we know, the multiplexing procedure in PHY layer is not a straightforward procedure, which shall take considerable time to perform such pre-multiplexing procedure. If the final input from MAC layer is different from that for pre-multiplexing procedure, another multiplexing procedure shall be performed. Even concurrent pre-multiplexing procedure would bring similar computation load hence latency for PHY layer. If we consider understanding 2 for the issue, i.e. MAC is aware of the final PUCCH resource after UCI multiplexing in PHY, we need to further consider the timeline restriction for such procedure, which is complicated and may be too late for Rel-16.
Observation 1: In order to implement understanding 2, there is circular dependency issue between PHY and MAC, and timeline restriction for such procedure shall be further considered.
During the offline discussion of last meeting, one compromised solution was proposed, i.e. it is up to UE implementation whether to take UCI multiplexing into account in MAC layer. We think such solution is not preferred from the network’s perspective. Take the case 2-1 for an example. If understanding 1 would be implemented by the UE, the network should blindly decode the following two hypotheses: 1) AN/CSI is multiplexed in PUSCH without SR transmission, 2) SR and AN/CSI are multiplexed together without PUSCH transmission. If understanding 2 would be implemented by the UE, the network should blindly decode the following three hypotheses: 1) AN/CSI is multiplexed in PUSCH without SR transmission, 2) SR and AN/CSI are multiplexed together without PUSCH transmission, 3) SR and AN/CSI are multiplexed together with PUSCH transmission. If the compromised solution is adopted, the network needs to blindly decode the three possible results same as that for understanding 2, which causes more complexities that understanding 1.
Observation 2: If it is up to UE implementation whether to take UCI multiplexing into account in MAC layer, there is higher blind decoding complexity for the network than understanding 1.

Based on above consideration, we propose for case 2-1 and case 4, RAN2 can confirm the understanding that MAC layer is not aware of the UCI multiplexing in PHY. MAC decides to deliver the SR or MAC PDU for the PUSCH to PHY only based on LCH-based prioritization if SR and MAC PDU have the same L1 priority.
Proposal 1: For case 2-1 and case 4, RAN2 confirms MAC is not aware of the UCI multiplexing in PHY, and MAC layer decides to instruct SR transmission or to deliver MAC PDU for the PUSCH to PHY only based on LCH-based prioritization if the overlapping SR and PUSCH have the same L1 priority.
We can reply a LS to RAN1 to clarify RAN2’s view for each case inquired by RAN1. A draft LS is prepared in the Annex section.
Proposal 2: Send reply LS to RAN1 to clarify RAN2’s understanding for each case inquired by RAN1.

2.2 Cross-layer interaction between MAC and PHY
For cross-layer interaction between MAC and PHY, we think the most important principle we shall follow is that network layering is meant to keep each layer as independent as possible. Otherwise, independent evolution for each layer will become more and more complicated. Cross-layer interaction may be considered only when it is obvious and will bring benefits with limited impacts on implementation. 
As analysed in section 2.1, the pre-multiplexing in PHY layer is not a simple procedure, and may incur timeline restriction discussion. We may need to consider the caused implementation complexities for UEs. . However, the benefits may not be significant as the only benefit is that the UE can send both the SR and PUSCH to the network, when the configured SR resource is overlapped with the PUSCH resource and with other UCI(s), as well as the actual PUCCH resource after SR and other UCI(s) are multiplexed is not overlapped with the PUSCH resource. The scenario seems a corner case, and may be avoided by proper network configuration. Even the scenario occurs and the UE drops SR or PUSCH transmission instead of sending both, there is no big issue because the dropped transmission is with lower priority in the first place. Based on above analysis, we think cross-layer interaction enhancement shall not be considered for this issue.
Proposal 3: From RAN2 perspective, cross-layer interaction may be considered only when potential interaction will introduce obvious benefits, and with limited impacts on implementation.
Besides, cross-layer interaction shall not bring in circular dependency between MAC and PHY. As commented by companies in the last RAN2 meeting, enhancedSkipUplink was introduced to avoid double decoding from the network. In such mechanism, PUSCH shall not be skipped even when there are no RLC PDUs available for transmission if there is UCI multiplexed in the PUSCH. It seems MAC layer shall be aware of the position of final PUCCH resource to determine whether the PUSCH is overlapped with the final PUCCH resource’s location. Otherwise, there may be a case when MAC layer delivers a padding MAC PDU for the PUSCH to PHY layer while the final PUCCH resource is not overlapped with the PUSCH. However, it seems RAN1 has not discussed whether the said PUCCH resource is actually the initial PUCCH resource or the final PUCCH resource. In order to have a clear understanding about RAN1’s discussion on enhanced uplink skipping, we suggest to ask RAN1 about whether the PUCCH resource is the initial PUCCH resource or the final PUCCH resource during their uplink skipping discussion.
Proposal 4: Ask RAN1 about whether the PUCCH resource is the initial PUCCH resource or the final PUCCH resource during their uplink skipping discussion.
In such UL skipping case, even when MAC layer is made aware of the UCI multiplexing through cross-layer interaction, there will be no circular dependency problem. The result of UCI multiplexing will not be changed after MAC layer delivers the MAC PDU for the PUSCH to PHY. When it comes to the above case 2-1 or case 4 however, cross-layer interaction is not preferred since it will incur circular dependency between different layers.
Proposal 5: From RAN2 perspective, cross-layer interaction shall not bring in circular dependency between MAC and PHY.
3 Conclusion

In this contribution, we have analyzed the intended MAC behavior for the overlapping cases asked by RAN1 and provided RAN2’s view for each case. We made the following observations and proposals:

Observation 1: In order to implement understanding 2, there is circular dependency issue between PHY and MAC, and timeline restriction for such procedure shall be further considered.

Observation 2: If it is up to UE implementation whether to take UCI multiplexing into account in MAC layer, there is higher blind decoding complexity for the network than understanding 1.

Proposal 1: For case 2-1 and case 4, RAN2 confirms MAC is not aware of the UCI multiplexing in PHY, and MAC layer decides to instruct SR transmission or to deliver MAC PDU for the PUSCH to PHY only based on LCH-based prioritization if the overlapping SR and PUSCH have the same L1 priority.

Proposal 2: Send reply LS to RAN1 to clarify RAN2’s understanding for each case inquired by RAN1.

Proposal 3: From RAN2 perspective, cross-layer interaction may be considered only when potential interaction will introduce obvious benefits, and with limited impacts on implementation. 
Proposal 4: Ask RAN1 about whether the PUCCH resource is the initial PUCCH resource or the final PUCCH resource during their uplink skipping discussion.
Proposal 5: From RAN2 perspective, cross-layer interaction shall not bring in circular dependency between MAC and PHY.
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1. Overall Description:

RAN2 discussed the intended MAC behaviour for case 2-1, case 2-2, case 3, and case 4, respectively. RAN2 provides the following feedback:
For case 2-1, the intended MAC layer behaviour is understanding 1 as follows:

· 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.  

For case 2-2 and case 3, the intended MAC layer behaviour is understanding 2 as follows:

· Understanding 2: the LCH based prioritization check is prioritized over the UL skipping-related check in MAC. Therefore, the SR in the LS is prioritized in MAC and is delivered and MAC shall not deliver the MAC PDU for the PUSCH.
For case 4, the intended MAC layer behaviour is understanding 1 as follows:

· 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.
2. Actions:

To RAN1:

ACTION: 
RAN2 respectfully asks RAN1 to take the above into account.

3. Date of Next TSG-RAN WG2 Meetings:


3GPP RAN2#115-e


23 August– 27 August
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