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Introduction
Based on the objectives of NR_IIoT [1], intra-UE prioritization and multiplexing should be studied in Rel-16. One of the issues of intra-UE prioritization and multiplexing is to resolve the resource conflicts between data and data: 

	2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
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In this contribution, we provided our views on grants selection when two UL grants are overlapped and there is no sufficient processing time for making a new MAC PDU.
Discussions
Issue of overlapped UL grants 
In the email discussion [1], the grant selection issue when there is no sufficient processing time for making a new MAC PDU has been discussed. As shown in Figure 1, UE receives two UL grants and the two UL grants are overlapped on time-frequency resource. The processing time, tprocMin, is defined as the time interval between the reception time of the later UL grant and the transmitting time of the first UL grant. When tprocMin is less than the time requirement of PUSCH transmission, it is impossible to make/modify a new MAC PDU for transmitting on the first UL resource. In the following section, we provided our views on UE MAC-PHY interactions during grant selection. 
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Figure 1: Illustration of intra-UE data-data resource conflicts
MAC PDU 1 is delivered to PHY before receiving UL grant 2
In this sub-section, we discussed the case that UE multiplex a MAC PDU for each UL grant and the first MAC PDU is delivered to PHY before receiving the second UL grant. Based on the priority of data and whether MAC PDU had been transmitted, there are three transmission results that the first is sending MAC PDU 1 on UL resource 1, the second is sending MAC PDU 2 on UL resource 2, and sending MAC PDU 2 to pre-empt MAC PDU 1 on UL resource 2. 
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Figure 2: Procedure of transmitting two MAC PDUs
a. Priority of data 1 in MAC PDU 1 is higher than priority of data 2 in MAC PDU 2
After comparing with priority of data 1 and priority of data 2, UE MAC gives up multiplexing MAC PDU 2. UE MAC may send an indication or nothing to PHY and PHY sends MAC PDU 1 on UL resource 1 based on the indication or transmitting time of UL resource 1. Note that UE may still multiplex MAC PDU 2 for UL resource 2 and deliver MAC PDU 2 with indication to PHY to indicate to ignore MAC PDU 2. However, it could be implemented by UE and may be not specified in specification. 
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Figure 3: Procedure of transmitting two MAC PDUs (priority of data 1 > priority of data 2)

b. Priority of data 1 in MAC PDU 1 is lower than priority of data 2 in MAC PDU 2 and MAC PDU 1 has not been sent by PHY before receiving MAC PDU 2
After comparing with priority of data 1 and priority of data 2, UE MAC multiplexes MAC PDU 2 and delivers MAC PDU 2 with indication to PHY. After receiving MAC PDU 2 and indication, and if MAC PDU 1 has not been sent by PHY, UE PHY should drop MAC PUD 1 based on the indication. Then UE PHY sends MAC PDU 2 on UL resource 2. 
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Figure 4: Procedure of transmitting two MAC PDUs (priority of data 1 < priority of data 2)
Proposal 1	RAN2 to study MAC indication for UL grant selection
Proposal 2	The indication may include MAC PDU number, UL resource index, and etc. 

c. Priority of data 1 in MAC PDU 1 is lower than priority of data 2 in MAC PDU 2 and MAC PDU 1 has been sent by PHY before receiving MAC PDU 2
Similar with case b, UE MAC multiplexes MAC PDU 2 and delivers MAC PDU 2 with indication to PHY. However, MAC PDU 1 has been sent by PHY before receiving MAC PDU 2. UE PHY may pre-empt or stop transmitting MAC PDU 1 and send MAC PUD 2 on UL resource 2. However, UL pre-emption or UL cancellation may need RAN1 study.  
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Figure 5: Procedure of pre-empting MAC PDU on later UL grant
Proposal 3	RAN2 to formulate a LS to RAN1 to study intra-UE UL pre-emption or cancellation for URLLC.

MAC PDU 1 is NOT delivered to PHY before receiving UL grant 2
In this case, the later UL grant is received before delivering the first MAC PDU to PHY. UE should be able to make a new MAC PDU for the appropriate UL resource. UE Usually, UL resource 2 is granted with higher priority (e.g. stringent latency) than UL resource 1. Otherwise, gNB should avoid allocating multiple UL grants on the overlapped UL resource. The exception is data 2 with high priority can be multiplexed into MAC PDU 1 and be transmitted on UL resource 1 without violating latency and reliability requirements. Therefore in this case an indication may also be necessary to indicate PHY to transmit the MAC PDU on which UL resource. 

[image: ]
Figure 6: Procedure of transmitting only one MAC PDU 

Conclusions
In this contribution we discussed MAC-PHY interaction for grant selection for URLLC and we proposed the following:
Proposal 1	RAN2 to study MAC indication for UL grant selection
Proposal 2	The indication may include MAC PDU number, UL resource index, and etc. 
Proposal 3	RAN2 to formulate a LS to RAN1 to study intra-UE UL pre-emption or cancellation for URLLC.
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