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Introduction

For NRIIOT, we have achieved the following agreements on data to data collision in RAN2#105

Agreements:
RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.

UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.

RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded

For cases when MAC prioritizes a grant, MAC prioritizes the grant on which data of the highest priority can be transmitted according to LCP restrictions and priority configured for each LCH.

Considering not only the dynamic vs dynamic case but also configured grant vs dynamic grant case, MAC sublayer may generate a MAC PDU for each conflict UL grant. Since PHY will select UL grant with higher priority to transmit, which means the UL grant with lower priority will be dropped by PHY layer. Thus it may cause the misalignment between UE and gNB which may cause the data lost for dropped UL grant. The intention of this contribution is to share our view on this issue.

Discussions
According to the on-line discussion in RAN2#105, the following cases are taken into account for the intra-UE multiplexing :

Case 1: Configured grant V.S Configured grant

Case 2: Configured grant V.S dynamic grant

Case 3: Dynamic grant V.S dynamic grant

For case 1 and case 2, RAN 2 achieve the agreement the MAC entity should perform the UL grant selection among the conflict grants. Nevertheless, according to the current specification , the LCP timing is left to the UE implementation, which means  the following scenarios are inevitable: 

For case 1, the arrival of URLLC data may be later than the data generated for eMBB configured grant

For case 2, the arrival of URLLC dynamic scheduling may be later than the data generated for eMBB configured grant

For case 3:  the arrival of URLLC dynamic scheduling maybe later than the data generated for earlier eMBB dynamic scheduling.
For above scenarios , MAC sublayer will generate each MAC PDU for conflict grants and send them into the respective HARQ buffer. And then PHY will select the higher priority UL grant to process and drop the lower higher priority UL grant, which means the transmission of the generated data with lower priority will be given up for guaranteeing the data transmission with higher priority.
Observation 1: Since the LCP timing is left to UE implementation , for each collision case defined in Intra-UE multiplexing , MAC may generate two MAC PDUs for each conflict grant under some scenarios, and PHY will perform the transmission of the higher priority data and give up the transmission of the lower priority one.
For NW scheduling perspective, NW have no idea whether the MAC PDU for the dropped UL grant was generated or not. Thus NW may determine this issue based on the scheduling experience. Since the LCP timing is left to UE implementation, it is inevitable that NW may make a wrong judgement from the estimation, thus the associated HARQ buffer will be flushed and the included MAC CE will be lost, which may cause the deterioration of the UE performance.

Observation 2: Since the lack of information about the dropped UL grant on NW side,  NW may have no idea how to schedule the HARQ process associated with the dropped UL grant.  If  NW make a wrong judgement regard to the HARQ process associated with dropped UL grant, the generated data will be covered so that the included MAC CE will be lost.
According to above observations, we have the following options to avoid such uncertainty behavior for gNB scheduling:

Option 1:  UE always generate one PDU for each collision case

Option 2: It can be left to NW implementation for avoiding the data lost from UL grant selection 

Option 3: A new indication can be introduced for gNB to schedule the new transmission or re-transmission.

For option 1,  Once UE have already generated MAC PDU for the earlier  UL grant,  UE shall ignore the later UL grant or UL data even if the later UL grant have a higher priority than the earlier one.  This option is quite simple for UE implementation, however, since the URLLC data processing time is much shorter than the eMBB data, it is benefit for URLLC service that performing the LCP procedure for URLLC grant even when the eMBB MAC PDU was already generated. Thus this option lead to degrade the intra-UE multiplexing performance.

For option 2, it is left to NW implementation to guarantee not to flush the already generated data for the dropped UL grant, i.e NW can always assume the data was generated, or NW can configure the K-repetition to configured grant/dynamic grant or multiple configured grants for the generated data retransmission . This option will lead to the smallest impact on the current specification but the waste of the resources

For option 3,  UE need give an indication to NW for clarifying that the data have already been generated for the dropped UL grant. For example , UE will include one MAC CE into the MAC PDU with higher priority lever if both MAC PDU are generated. For this option , the new indication shall be introduced, i.e Layer 1 signal or layer 2 signal. 

Below table is provided for understanding easily

	
	PRO
	CON

	Option 1: generate only one MAC PDU for collision cases.
	1: tiny impact on the current spec

2:convenient for NW scheduling
	1: degrade the performance of the intra-UE multiplexing 

	Option 2: left to NW implementation
	1:no impact on the specification
	1:increase the complexity of NW scheduling

2:may cause the waste of the resources.

	Option 3: Introduce a new indication
	1: convenient for NW scheduling
	1: need introduce a new signaling into specification.


Based on above analysis, we propose that:

Proposal 1: Once a MAC PDU for each conflict grant is generated by MAC sublayer, for avoiding the data loss associated with lower priority UL grant, the following options can be taken into account:

Option1 : MAC always generate only one MAC PDU

Option 2: Up to NW implementation to guarantee non-loss data

Option 3: Introduce a new L1/L2 signaling 
Conclusion 

The following observations and proposals were shared  in the paper:

Observation 1: Since the LCP timing is left to UE implementation , for each collision case defined in Intra-UE multiplexing , MAC may generate a MAC PDU for each conflict grant under some scenarios, and PHY will perform the transmission of the higher priority data and give up the transmission of the lower priority one.
Observation 2: Since the lack of information about the dropped UL grant on NW side,  NW may have no idea how to schedule the HARQ process associated with the dropped UL grant.  If  NW make a wrong judgement regard to the HARQ process associated with dropped UL grant, the generated data will be covered so that the included MAC CE will be lost.
Proposal 1: Once a MAC PDU for each conflict grant is generated by MAC sublayer, to avoid the data loss associated with higher priority UL grant, the following options can be taken into account:

Option1 : MAC always generate only one MAC PDU

Option 2: Up to NW implementation to guarantee non-loss data

Option 3: Introduce a new L1/L2 signaling 
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