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1	Introduction
[bookmark: _Toc415085486][bookmark: _Toc503902285]RAN2 sent an LS to RAN1 in R1-2003259 (R2-2004121) identifying a gap between RAN1 and RAN2 decisions (and the related specification text) in terms of intra-UE prioritization: 
For intra-UE prioritization cases with uplink grants overlapping in time (i.e. DG vs. CG collision and CG vs. CG collision), it was agreed in RAN2 #108 that prioritization in MAC should be determined based on the highest logical channel (LCH) priority of data that can be conveyed by each grant, as well as considering the data availability in the buffer of these LCHs:
	RAN2 #108 Chairman’s Notes:
For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 




This agreement is already captured in the latest MAC specifications, TS 38.321 v16.0.0. Furthermore, it was concluded in RAN2 #109e that there can be situations where MAC delivers two MAC PDUs for the two conflicting grants to PHY sequentially when the conflicting grants have the same L1 priority, and the second MAC PDU carries data with higher LCH priority (due to e.g. late traffic arrival) than the first MAC PDU:
	RAN2 #109e Chairman’s Notes:
Observation, acc to current R2 agreements: In case that two MAC PDUs with the same L1 priority (i.e. high-high or low-low) are delivered by MAC, the second PDU has priority from RAN2 perspective (based on LCH priority). 




Since there are 16 LCH priority levels, from MAC perspective, the second PDU is prioritized as it has higher priority data, in spite of the same L1 priority between the conflicting grants. However, it is RAN2’s understanding that PHY may not transmit this second PDU, e.g. the PUSCH of a dynamic grant would always prioritize the PUSCH of a conflicting configured grant with the same L1 priority regardless of the LCH priority of carried data. Hence, there is a gap between RAN1 and RAN2 that has to be resolved.

RAN2 is now requesting feedback from RAN1 on the preferred way to eliminate this gap, where two possible options have been charted by RAN2, which read as: 
	RAN2 has concluded two possible options to address this gap:
1. RAN2 changes MAC specification to accommodate current PHY behaviour. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
2. RAN1 changes PHY specification to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC.
In this contribution, we discuss the two options from RAN1 / PHY perspective and provide our view on which option to be chosen. 
2	Discussion
I guess there is no need to discuss the PHY prioritization based on the RAN1 decision here for the same priority, as this basically follows Rel-15 (i.e. DG PUSCH overriding CG PUSCH). 
So, let’s look a bit at the case, that RAN1 would change the operation of CG PUSCH / DG PUSCH of the same PHY priority (listed as Option 2 in the RAN2 LS) – and let’s take the example of high-priority CG PUSCH and DG PUSCH collision here. Based on the RAN2 assumption, there could be cases that the UE would prioritize the CG PUSCH (with a PDU of higher LCH priority) and do not transmit (or even stop the transmission) of the DG PUSCH (with a PDU of lower LCH priority, delivered to PHY earlier than the PDU of CG PUSCH). 
· First, it is not clear how to capture the corresponding prioritization operation/behavior in RAN1 specs, where this operation could be summarized as follows: for two PUSCHs with the same PHY priority, a PUSCH corresponding to the later MAC PDU is prioritized. The issue is that terms such as ‘later than’ or ‘earlier than’ are not suitable for RAN1 specs since they cannot really be specified as such and more a UE internal aspect.

· Increased DL control load & reduced DL efficiency due to possible un-intended dropping of HP HARQ-ACK RAN2 only focused on UL-SCH data but did not take UCI into account. When taking now HARQ-ACK multiplexed to PUSCH of priority 1 into account, based on the agreements there could be cases that actually the HP HARQ-ACK would not be transmitted (i.e. would be dropped) – consider the following example figure: 

[image: ]
Obviously, based on the HARQ-ACK multiplexing rules the HARQ-ACK would be multiplexed on the DG PUSCH (and the PUCCH carrying HARQ-ACK is not transmitted). If then the UE decides (based on later PDU with higher LCH priority) to transmit the CG PUSCH instead, the high priority HARQ-ACK information would be lost. If this is HARQ-ACK information of some DL URLLC data, the gNB will have no other option than to retransmit the related DL-SCH TBs which will increase the DL control overhead further and reduce the DL efficiency (due to unnecessary PDSCH retransmissions). Therefore, the agreed RAN2 solution could be beneficially from PUSCH latency perspective at first look, but when considering the effect on HARQ-ACK for URLLC PDSCH on DL control load and DL efficiency, this is not that obvious anymore. Especially the HARQ-ACK dropping here, which then cannot be controlled by gNB anymore, is maybe the main reason for us to think we should stick with the current PHY behavior. 

· Increased DL control load & reduced UL efficiency / increased gNB complexity: Such operation will increase the uncertainty at gNB side, as for the current operation the CG PUSCH would only be transmitted in case the UE failed to decode the UL grant (which for URLLC is low), but then clearly the gNB does not expect that another PDU has been delivered to PHY. When changing the PHY behavior, there would be now 2 hypothesis when the CG PUSCH is received – but the gNB will not be able to distinguish the case of missed UL grant detection (i.e. no PDU for the DG PUSCH available) and the case that the DG PUSCH was overriding due to the later received PDU (i.e. PDU generated).

If this is high priority PUSCH (i.e. the LCH priorities of both PDUs are ‘high’), the only option the gNB will have is to issue a re-transmission grant with the HARQ-ID of the not transmitted DG PUSCH – which may or may not be appropriate. Clearly this will increase the DL control load and may lead to unnecessary reservation of UL resources for the DG PUSCH re-transmission, although this is not needed (as no PDU has been delivered). Clearly, this will increase the PHY inefficiency here. 

Similar considerations may be also applicable for overlapping CG PUSCH / CG PUSCH of the same PHY priority, where (based on the current RAN1 understanding) the UE should select a single CG PUSCH for transmission and a single TB to be delivered from MAC to PHY – as done for LTE in Rel-15. If MAC would now deliver two conflicting PDUs, the following two cases are to be considered: 
· [bookmark: _GoBack]The UE is transmitting only on one CG occasion (i.e. no PHY cancelation): In this case, the gNB will not be aware that a second PDU for an overlapping CG occasion has been delivered and cannot take any action here. For the earlier delivered PDU, the UE may use the RAN2 agreed Rel-16 autonomous CG retransmission mechanism or wait for an RLC re-transmission request by the gNB. Both will introduce a (lot of) delay for the deprioritized CG PDU, which may be latency critical as well (especially in case of HP CGs). 
· In case the UE has started the CG PUSCH transmission and would cancel it to start transmission of the CG PUSCH with higher LCH priority, one would need to look on how to distinguish different CG configurations – especially if the intention of the overlapping CGs has been to reduce the alignment delay. 
If the gNB operates with overlapping CGs in time and frequency, the starting point of the transmission can be used as a low overhead option to distinguish different CGs by having the same DMRS for all the CGs and identify the starting point (and corresponding CG configuration) by the first detection of the DMRS.   
     [image: ]
Clearly with the intended change by RAN2, this would not be possible for the gNB anymore and the gNB would need to utilize different DMRS (or different f-resources) for overlapping CGs in order to distinguish a stopped / canceled transmission from the start of a new CG transmission – both of which reduces the multiplexing capabilities for CG operation. 
In addition, based on the current RAN1 operation, the gNB does not need to constantly check if a started CG PUSCH occasion is stopped (if only having a CG PUSCH of the same priority overlapping), as this clearly will increase the gNB complexity; especially if the gNB would otherwise only operate with a single PHY priority. 

Observation: Changing the PHY behavior as suggested by RAN2, will lead to unnecessary increase in gNB complexity, DL control load, reduced DL & UL system efficiency, reduced inter-UE CG PUSCH multiplexing capabilities and especially unintended (uncontrollable) HARQ-ACK dropping affecting the DL URLLC performance. 
Therefore, we propose to not change the PHY intra-UE multiplexing/prioritization behavior and reply to RAN2 correspondingly. 
Proposal: RAN1 does not change the agreed intra-UE UL multiplexing behavior in PHY for UL transmissions of the same PHY priority and inform RAN2 about this decision. 
3	Conclusions
In this contribution, we discussed the LS from RAN2 on intra-UE prioritization, where a gap between the RAN1 and RAN2 decisions / specifications has been raised. 
Based on the discussions, the following is proposed: 
· Observation: Changing the PHY behavior as suggested by RAN2, will lead to unnecessary increase in gNB complexity, DL control load, reduced DL & UL system efficiency, reduced inter-UE CG PUSCH multiplexing capabilities and especially unintended (uncontrollable) HARQ-ACK dropping affecting the DL URLLC performance. 
· Proposal: RAN1 does not change the agreed intra-UE UL multiplexing behavior in PHY for UL transmissions of the same PHY priority and inform RAN2 about this decision. 
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