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Introduction
During RAN2#106 meeting an email discussion was raised for discussing SR and PUSCH prioritization.  
[106#56][IIOT] SR vs PUSCH prioritization (QC) [1]
[bookmark: _Ref178064866]In this contribution, we discussed the method of transmitting SR or PUSCH based on the LCH priority information. We also consider LCP mapping restrictions such that URLLC data can be transmitted as early as possible.
Discussions
Issue of conflicted SR and PUSCH 
[bookmark: _GoBack]In Rel-15, when SR is collided with PUSCH, SR will not be transmitted. (e.g. shown in Figure 1) The first reason is BSR MAC CE may be multiplexed in the MAC PDU. The second reason is “already made” MAC PDU should be more important than “not yet available” future UL resource. The third reason is SR opportunity is not always transmitted. SR is only transmitted when UE requests UL resource. Therefore PUSCH is prioritized than SR in Rel-15. However, Rel-15 did not consider the high priority applications of Ultra Reliable and Low Latency Communication (URLLC). If the SR is triggered by URLLC data, the priority of SR may be higher than any data multiplexed within the MAC PDU. The prevention of SR transmission will cause latency violation for URLLC QoS. On the other hand, the PUSCH duration may be higher than the URLLC latency requirement, and the URLLC QoS will not be satisfied even BSR MAC CE can be multiplexed in the MAC PDU. In the following discussions, we assume SR is for URLLC and has high priority. The granted UL resource is a dynamic allocation mainly for eMBB, and may be used for URLLC data if LCP mapping restrictions is allowed.    
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Figure 1 Timeline for SR and PUSH prioritization in R15 

SR is triggered before MAC PDU is generated for an UL grant 
When URLLC data is available and there is no UL resource for transmission, SR will be triggered. If an UL resource is granted before the SR is transmitted, there is an opportunity for transmitting the URLLC data. UE MAC should determine whether the URLLC data can be multiplexed to MAC PDU based on mapping restrictions for each LCH (i.e. allowedSCS-List, maxPUSCH-Duration, configuredGrantTypeAllowed, allowedServingCells, and etc.) If URLLC data can be multiplexed to the MAC PDU, SR should be cancelled. (i.e. shown in Figure 2-a) Otherwise, UE MAC should not multiplex the MAC PDU, and then UE PHY just transmits the SR. The other method is that UE MAC multiplexes MAC PDU and save it in HARQ buffer and send priority information of the MAC PDU to PHY to wait for HARQ re-transmission. (i.e. shown in Figure 2-b)  

[image: ] [image: ]
(a)                                             (b)
Figure 2: Procedures of transmitting PUSCH and SR

Proposal 1		MAC indication with priority information is used for SR and PUSCH selection
Proposal 2	RAN2 to formulate a LS to RAN1 to study intra-UE UL pre-emption or cancellation for URLLC.

SR is triggered after MAC PDU is generated for an UL grant
In this case, since MAC PDU had been delivered to PHY, SR with higher priority should be delivered to PHY to pre-empt/stop/cancel the MAC PDU. Two cases happen when the SR is delivered to PHY. First one is MAC PDU is not transmitted yet such that the SR should be transmitted. (i.e. shown in Figure 2-a) The MAC PDU should be stored in HARQ buffer to wait for HARQ re-transmission. The second one is MAC PDU had been transmitted, and the SR should pre-empt the PUSCH transmission. The same as the first case, the MAC PDU should be stored in HARQ buffer to wait for HARQ re-transmission. Based on the priority information from MAC, UE PHY can determine SR or PUSCH should be transmitted. If no priority information is provided, UE PHY can transmitted the latest received from MAC. 
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(a)                        			          (b)
Figure 3: Procedures of transmitting PUSCH and SR 

eNB behaviour after receiving the UL grant or SR
In this section, we discuss how gNB determines which one UL transmission from UE should be decoded first. Based on the above discussions, gNB may receive three kinds of receptions, which are MAC PDU, SR, or pre-empted MAC PDU 1 and then SR. To accelerate URLLC data transmission, gNB should decode the UL transmission based on the given priority between the UL grants and SR. In Rel-15, the UL grant is not assigned with a priority, and the UL grant priority can only be known after LCH information with MAC PDU 1 is decoded. In 3GPP release 16, if UL grant is assigned with a priority, gNB can decode MAC PDU or SR based on the given priority information. The second method is that if an LCH is configured with highest priority, gNB can decode the UL transmission (e.g SR) from the LCH with highest priority. Another method is that SR/PUSCH indication signal is transmitted before SR or PUSCH transmission to indicate what the following transmission type (i.e. MAC PDU, SR, or pre-empted MAC PDU) is. By the indication signal, gNB can decode the right UL transmission type without try-error. This method should be discussed in RAN1.    
Proposal 3	RAN2 to formulate a LS to RAN1 to study an indication signal before PUSCH to indicate the following PUSCH transmission type including MAC PDU, pre-empted MAC PDU, SR, and etc. 
Conclusions
In this contribution we discussed MAC-PHY interaction for grant selection for URLLC and we proposed the following:
Proposal 1		MAC indication with priority information is used for SR and PUSCH selection
Proposal 2	RAN2 to formulate a LS to RAN1 to study intra-UE UL pre-emption or cancellation for URLLC.
Proposal 3	RAN2 to formulate a LS to RAN1 to study an indication signal before PUSCH to indicate the following PUSCH transmission type including MAC PDU, pre-empted MAC PDU, SR, and etc.
[bookmark: _In-sequence_SDU_delivery]References
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