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Introduction
[bookmark: _Ref178064866]In RAN2 #103bis meeting, an email discussion for Intra-UE prioritization had been raised:
[103bis#41][NR/IIoT] Intra-UE prioritization (Nokia) [1]
Discuss the scenarios and division of work between RAN1 and RAN2. Views from companies to be presented in email discussion.

In this contribution, we provided our views and possible solutions for discussion. 
Discussions
Intra-UE DL Prioritization
This case happens when DL URLLC traffic with high priority or short latency requirement arrives during DL eMBB traffic scheduling with low priority or long latency requirement. In R15 specifications, DL pre-emption indication is used for indicating to eMBB UEs after the pre-empted PDSCH transmission period. If the PDSCH transmission period is long, the DL pre-emption indication may be too late to satisfy the URLLC latency requirement. Therefore an earlier DL pre-emption indication for URLLC UE may be necessary for reducing transmission latency. The DL pre-emption indication should be discussed in RAN1, and the content of the indication (e.g. priority, logical channel, new LCP activation, and etc.) and UE behaviour could be discussed in RAN2. 
Proposal 1	RAN2 to formulate a LS to RAN1 to study a DL pre-emption mechanism for URLLC UE.

UL resource conflict between configured and dynamic grants
Configured grants (or grant free resources) is one of the useful features for URLLC services. Based on R15 specifications, however, dynamic grants always override the configured grants. The feature may have results that dynamic grants for eMBB with low priority can override configured grants for URLLC with high priority. One may argue that gNB can get the logical channel priority from SR and then gNB can avoid scheduling grant for eMBB with low priority over the configured grant for URLLC with high priority. However, due to scheduling complexity and resource limitation, gNB cannot always separate the URLLC grant and eMBB grant. The other case is SR may be multiplexed with HARQ feedback and only one bit can be delivered to gNB. gNB cannot get the priority information from SR so that gNB may schedule dynamic grants over the configured grants. Therefore there are two cases to be discussed:
1. gNB has UE logical channel priority from SR: In this case gNB should not schedule dynamic grant for eMBB with low priority over the configured grant for URLLC with high priority. If overlapped UL grants cannot be avoided due to resource limitation, gNB may indicate the priority of the dynamic grant so that UE can schedule URLLC traffic with high priority prior to eMBB traffic with low priority.
2. gNB has no logical channel information from SR: In this case gNB will schedule dynamic grant over the configured grant based on R15 rules and then UE may schedule eMBB traffic on the dynamic UL grant. In order to shorten the URLLC latency, BSR for URLLC traffic should be priortized on the dynamic UL grant for requesting URLLC resources. 
Proposal 2	RAN2 to formulate a LS to RAN1 to study a method of indicating priority information prior to the conflicted UL resource. 

UL resource conflict between dynamic grants
There are two cases for the intra-UE prioritization between conflict UL dynamic grants:
1. URLLC scheduling with short PUSCH period pre-empts eMBB scheduling with long PUSCH period. 
2. eMBB scheduling with short PUSCH period pre-empts URLLC scheduling with long PUSCH period. 

In both cases, if two overlapping UL grants are scheduled for UE, there is resource synchronization issue (i.e. MCS or TBS) between gNB and UE since gNB cannot know URLLC or eMBB traffic to be scheduled by UE. On the other aspect, gNB may not know how much URLLC or eMBB traffic to be scheduled on the overlapped UL grants. Therefore we think only one UL grant that follows later scheduling is a simple solution. This is related the DCI rule design which needs discussion in RAN1. 
For the second case, if the priority of eMBB with short period is lower than URLLC’s with long PUSCH period, and only one UL resource is granted, the UE should be able to schedule URLLC traffic on the pre-empted resource. RAN2 should study the mechanisms (e.g. RRC signalling or LCP restrictions) to prioritize URLLC traffic. 
Proposal 3	RAN2 to formulate a LS to RAN1 to discuss the UL scheduling for resource conflict between dynamic grants. 
Proposal 4	RAN2 to study mechanisms to prioritize URLLC traffic for resource conflict between dynamic grants. 

Resource Conflict between Control Channel and Control/Data Channel
In some cases, UL control transmission (e.g. HARQ-ACK, SR, CSI and etc.) may overlap in time with PUSCH with higher/lower priority. If UL control is associated with high priority, for example, HARQ feedback or SR for URLLC, it should be prioritized to ensure the latency requirement. On the other aspect, the case that SR multiplexed with HARQ feedback and only one bit can be delivered to gNB should be avoided, otherwise gNB cannot map the SR with logical channel so that useless per-emption (e.g. eMBB with low priority pre-empts URLLC with high priority) cannot be avoided. RAN2 should study mechanisms (e.g. through RRC signalling) to avoid the above case. 
Proposal 5	RAN2 to study mechanisms to prioritize SR for URLLC for resource conflict between control channel and control/data channel. 

Transmit power limitation 
Due to UE power headroom, transmission power prioritization should be considered between:
1. URLLC SR and other control channel (e.g. HARQ feedback), 
2. URLLC PUCCH and PUSCH, or
3. CA/DC for URLLC and eMBB
[bookmark: _GoBack]In order to reduce the transmission latency, transmit power allocation for URLLC should be prioritized if power headroom is not available for transmitting both URLLC and other control/data channels. However, this issue should be studied in RAN1. 
Proposal 6	RAN2 to formulate a LS to RAN1 to study transmit power prioritization for URLLC.

Conclusions
In this contribution we discussed Intra-UE prioritization for URLLC and we proposed the following:
Proposal 1	RAN2 to formulate a LS to RAN1 to study a DL pre-emption mechanism for URLLC UE.
Proposal 2	RAN2 to formulate a LS to RAN1 to study a method of indicating priority information prior to the conflicted UL resource. 
Proposal 3	RAN2 to formulate a LS to RAN1 to discuss the UL scheduling for resource conflict between dynamic grants. 
Proposal 4	RAN2 to study mechanisms to prioritize URLLC traffic for resource conflict between dynamic grants.
Proposal 5	RAN2 to study mechanisms to prioritize SR for URLLC for resource conflict between control channel and control/data channel. 
Proposal 6	RAN2 to formulate a LS to RAN1 to study transmit power prioritization for URLLC.
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