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1 Introduction
In previous RAN2 meetings, we have already achieved following agreements for data prioritization.

	RAN2 #105:
· RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). 
· 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.
RAN2 #106:
· Chair summary on DCI indication: R2 could not agree that it would be useful, neither with respect to additional LCH restriction case, nor with respect to processing time-line (UCI) problem. We leave any decisions on whether to have the DCI indication to R1. If agreed, we expect R2 need to analyse the MAC impact. Until potential R1 agreement, R2 will continue work on intra-UE-prioritization assuming that the DCI indication will not be there.
RAN2 #107:
· same prioritization solution for CG vs CG conflict and CG vs DG conflict

· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.

· The case of highest priorities of two conflicting grants are equal is handled according to the following: for CG DG conflict, DG is prioritized, other cases FFS to what extent to specify.

· For The case when no PDU has been generated at all yet, and there is two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated


In the last RAN1 meeting (#98bis 2019 Oct) [1], the L1 priorities for PUSCH/SR/HARQ-ACK/CSI have been agreed for at least handling collisions between intra-UE PHY signals/channels. The L1 priority is two-level.
In this contribution, we would like to analyze the impacts of L1 priorities on data prioritization.
2 Discussion 
2.1  L1 priorities of DG PUSCH and CG PUSCH
In the last RAN1 meeting (#98bis 2019 Oct), the L1 priorities for PUSCH/SR/HARQ-ACK/CSI have been agreed for at least handling collisions between intra-UE PHY signals/channels. The detailed RAN1 agreements are given in the Appendix part. Here, only the conclusions relevant to DG/CG data transmission are summarized.
The L1 priority is two-level, i.e. higher and lower. The L1 priorities of different PHY signals/channels are comparable, e.g. the PUSCH with higher L1 priority and the HARQ-ACK with higher L1 priority would be treated as equal when they collide with each other.
All L1 priorities are indicated/assigned by gNB via PHY signaling or RRC signaling, except for the priority of periodic CSI over PUCCH which is fixed to be always lower. The L1 priorities of DG/CG PUSCHs are indicated by gNB via the following ways:

· DG PUSCH: The L1 priority of a DG PUSCH is determined by PHY indication/signalling.
· CG PUSCH: The L1 priority of a CG PUSCH is determined by an explicit indication (with a new RRC parameter) in each CG configuration for both Type 1 and Type 2.
In Addition, RAN1 has also agreed to use the following behavior to handle the colliding UL signals/channels:

· In case a UL transmission with the higher L1 priority overlaps with another UL transmission with the lower L1 priority in time domain, the UE drops the transmission with lower L1 priority with a certain constraint (particular timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH. 
· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.
· For handling the overlapped UL transmissions among lower L1 priority channel/signals, the Rel-15 mechanism is reused.
It should be noted that this conclusion is relevant to the prioritization between two colliding PUSCHs. One case is PUSCHs with different L1 priorities where the PUSCH with lower L1 priority is dropped. The other case is two PUSCHs both have the lower L1 priorities and Rel-15 mechanism is reused. 
RAN2 may need to consider: 
1. Whether any standardization effort is required to make sure that there is alignment between RAN1 agreements and RAN2 agreements agreed in previous meetings.
2. Whether the alignment between the comparison results based on L1 priorities in PHY and based on LCH priorities in MAC should be guaranteed.
3. Whether and how to support the prioritization between two PUSCHs both with the higher L1 priority as this scenario is absent in RAN1 discussions. RAN2 may need to consider whether this scenario is needed or not.
In following discussion of this contribution, it would be seen that this scenario may be a key factor in respect to support the preemption of ‘URLLC/IIoT’ data to ‘eMBB’ data.
Observation 1: The L1 priority of DG PUSCH is determined by PHY indication/signaling. The L1 priority of CG PUSCH is determined from RRC signaling per CG configuration.
· In the PHY layer, when the collision between a lower L1 priority PUSCH and a higher L1 priority PUSCH, the UE directly drops the PUSCH with the lower L1 priority.
· In Rel-16, prioritization between two PUSCHs both with lower L1 priority is not supported in PHY (the collision between PUSCHs both with lower L1 priority is an error case.).

Proposal 1: RAN2 discusses whether the alignment between the comparison results based on L1 priorities in PHY and based on LCH priorities in MAC should be guaranteed.
2.2 Impacts of L1 priorities on prioritization between DG data
In SI stage, how to handle the collision between DG and DG data was already solved by following agreement. Hence, this feature is not captured in the scope of the WI.
	RAN2 #105:

· RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). 


At that time, this agreement made sense and seemed to not cause any further problems. However, after the L1 priority is agreed to be introduced we may need to check this agreement again to make sure that there is still alignment between RAN1 agreements and RAN2 agreements, e.g.:

1. Would the gNB always be able to guarantee that the later DG has a higher L1 priority?

2. Would the prioritization between two DGs both with the higher L1 priority be necessary and be supported in Rel-16? Or, in another words, if the later DG always has a higher L1 priority, could the earlier DG have a higher L1 priority as well?
Regarding to the first question, we think the gNB is able to guarantee that the later DG always has a higher L1 priority. According to the RAN1 agreements, the L1 priority of DG is dynamically indicated by gNB via PHY signaling/indication. Therefore the gNB could fully control the setting of the L1 priority of a DG.

Moreover, we also think that the gNB should guarantee the later DG always has a higher L1 priority. This is helpful to keep the alignment between the L1 priority and the higher layer LCH priority in the prioritization between DG data. This kind of alignment could make sure that the prioritization result in PHY is as same as the prioritization result in MAC and accordingly avoid any unexpected data drops in PHY. For example, if the later DG has the lower L1 priority and carries the data with the higher LCH priority, the later DG may be directly dropped by PHY layer when the earlier DG has higher L1 priority.
Proposal 2: In scenario 3, RAN2 assumes that the later dynamic grant may always be prioritized over the earlier dynamic grant where the later dynamic grant always has higher L1 priority.
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(a) If the prioritization between two higher L1 priority DGs is not supported
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(b) If the prioritization between two higher L1 priority DGs is supported


Figure 1 
Regarding to the second question, our view is the prioritization between two DGs both with the higher L1 priority should be supported in Rel-16.
The original intention for supporting intra-UE prioritization is to guarantee the strict latency requirement of URLLC/IIoT services by giving URLLC/IIoT data the higher priority over that of eMBB. In one typical scenario, URLLC data is blocked due to ongoing transmission of eMBB data. In the worst case, the ongoing eMBB transmission may lead to the timeout of URLLC data when the duration time of the eMBB transmission is obviously longer than the latency required by the URLLC data.

Although ‘eMBB’ and ‘URLLC’ are widely used in relevant discussions, actually, it is very difficult to exactly define/determine the relationship between the LCH priorities and ‘eMBB’/’URLLC’ services. More likely, intra-UE prioritization is for supporting the pre-emption of data with higher LCH priorities to data with lower LCH priorities.
It is observed that the granularity of L1 priorities is only 2 and therefore is obviously lower that the granularity of LCH priorities (16 levels). If the prioritization between DGs both with higher L1 priorities is not supported, the data with higher LCH priority could be still blocked by on-going data with the lower LCH priorities when the on-going data is carried by a DG with the higher L1 priority, as shown in Figure 1.
Hence, the prioritization between two DGs both with the higher L1 priority should be supported in Rel-16. In scenario 3, the earlier dynamic grant could have a higher or lower L1 priority while the later dynamic grant always has a higher L1 priority.
Observation #3: If the prioritization between two higher L1 priority DGs is not supported, the data with higher LCH priority could be still blocked by on-going data with the lower priorities when the on-going data is carried by a DG with the higher L1 priority.
Proposal 3: In scenario 3, RAN2 assumes that the later dynamic grant may always be prioritized over the earlier dynamic grant where the later dynamic grant always has a higher L1 priority and the earlier dynamic grant has a higher or lower L1 priority.
2.3 Impact of L1 priorities on data prioritization involving CG
Compared with the prioritization between DG data, the data prioritization involving CG is more complicated due to the L1 priority for CG being configured via RRC signaling. In this case, the gNB cannot fully guarantee the alignment between the L1 priorities and the LCH priorities, but the MAC layer can. Similar to the conclusions made in the previous section, for data prioritization involving CG, we propose:
Proposal 4: In case of the data prioritization involving CG, the MAC layer guarantees the alignment between the L1 priorities and the LCH priorities.

· The L1 priority of DG is informed from PHY to MAC.

· The scenario of the prioritization between CG/DG and CG both with higher L1 priorities is supported in Rel-16.

3 Conclusion

In the last RAN1 meeting (#98bis 2019 Oct), the L1 priorities for PUSCH/SR/HARQ-ACK/CSI have been agreed for at least handling collision between intra-UE PHY signals/channels. In this contribution, we analyse the impacts of the L1 priorities on the data prioritization in MAC. We have following proposals:
Proposal 1: RAN2 discusses whether the alignment between the comparison results based on L1 priorities in PHY and based on LCH priorities in MAC should be guaranteed.
Proposal 2: In scenario 3, RAN2 assumes that the later dynamic grant may always be prioritized over the earlier dynamic grant where the later dynamic grant always has the higher L1 priority.
Proposal 3: In scenario 3, RAN2 assumes that the later dynamic grant may always be prioritized over the earlier dynamic grant where the later dynamic grant always has a higher L1 priority and the earlier dynamic grant has a higher or lower L1 priority.
Proposal 4: In case of the data prioritization involving CG, the MAC layer guarantees the alignment between the L1 priorities and the LCH priorities.

· The L1 priority of DG is informed from PHY to MAC.

· The scenario of the prioritization between CG/DG and CG both with higher L1 priorities is supported in Rel-16.
4 References
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5 Appendix
	Agreements achieved in RAN1 #98bis [1]

	On PUSCH
	· 2-level PHY priority of DG PUSCH at least for PHY-layer collision handling is determined by a PHY indication/signaling.

· 2-level PHY priority of CG PUSCH at least for PHY-layer collision handling is determined by an explicit indication (as a new RRC parameter) in each CG configuration for Type 1 and Type2 CG PUSCH.

· FFS whether/how or not to further have in Type2 CG PUSCH activation (FFS to complement or overwrite) the RRC configured indication and if so, the applicable DCI formats

	On SR
	Support two-level SR priority (high or low) intended for two different service types known at PHY layer in R16.

· The PHY-layer SR priority is determinined by an explicit indication (as a new RRC parameter) for each SR resource configuration.

	On HARQ-ACK priority
	Support 2-level priority of HARQ-ACK for dynamically-scheduled PDSCH and SPS PDSCH (& ACK for SPS PDSCH release) in R16. 

· Note: This does not preclude possibility of extending it in future releases.

	On CSI priority
	For handling intra-UE collision in R16, 

· P/SP-CSI on PUCCH is treated with low priority.

· The priority of a SP-CSI on PUSCH depends on the 2-level PHY priority of the PUSCH conveying the SP-CSI. 

· The priority of a A-CSI depends on the 2-level PHY priority of the PUSCH (w/ or w/o UL-SCH) conveying the A-CSI. 



	On prioritization handling
	For intra-UE collision handling at the PHY layer, in case a high-priority UL transmission overlaps with a low-priority UL transmission, drop the low-priority UL transmission under certain constraint (particularly timeline).

· The UL transmission is a positive SR, HARQ-ACK, PUSCH or P/SP-CSI on PUCCH.

· FFS: for other types of UL transmission, e.g. SRS, PRACH, PUCCH-BFR, etc.

· FFS details of dropping behaviours.

· FFS details of processing timeline issues, e.g.

· How to handle the case where the timeline condition is not satisfied.

· Necessity of a new timeline.
For handling the overlapped UL transmissions among low PHY priority channel/signals, reuse the Rel-15 mechanism.
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