3GPP TSG-RAN WG2 Meeting #110 electronic
R2-2004890
Online, June 1 – June 12 2020

Agenda Item:
6.7.3.1
Source: 
Fujitsu
Title:
On prioritization handling for PUSCH and PUSCH with the same L1 priority
Document for:
Discussion and Decision
1. Introduction
During the RAN2#109bis-e meeting [1], the prioritization handling for overlapping PUSCHs with the same L1 priority has been discussed. 
It was concluded that there can be situations where MAC delivers two MAC PDUs for the two overlapping PUSCHs to PHY sequentially when the grants have the same L1 priority, and the second MAC PDU carries data with higher LCH priority (due to e.g. late traffic arrival) than the first MAC PDU. The second PDU is prioritized by MAC as it has higher priority data, however, PHY may not transmit this second PDU, e.g. the PUSCH of a dynamic grant would always prioritize the PUSCH of an overlapping configured grant with the same L1 priority regardless of the LCH priority of carried data. Obviously, the behaviour is inconsistent between MAC and PHY for the overlapping PUSCHs with the same L1 priority. This is considered an issue to be solved from RAN2’s view if PHY cannot prioritize the second PDU to accommodate the prioritization in MAC.
RAN2 has send a LS [2] to RAN1 to inform RAN2’s perspective and asking RAN1 for feedback.
RAN2 has concluded two possible options:

1. RAN2 changes MAC specification to accommodate current PHY behaviour. With this option, MAC will avoid providing second MAC PDU with the same L1 priority to PHY, meaning that PHY would transmit the packet with lower LCH priority data. 
2. RAN1 changes PHY specification to accommodate current MAC behaviour of prioritizing the second MAC PDU provided from MAC.
But feedback has not yet been received from RAN1. RAN2 has to consider how Option 2 can be implemented in the MAC specification whilst waiting for feedback from RAN1. This contribution will address how to change MAC specification to resolve this issue, i.e., intra-UE prioritization cases with uplink grants overlapping in time (DG vs. CG collision and CG vs. CG collision).
2. Discussion
While MAC delivers two MAC PDUs for the two overlapping PUSCHs to PHY sequentially and the PUSCHs have the same L1 priority, the second MAC PDU carries data with higher LCH priority (due to e.g. late traffic arrival) than the first MAC PDU. From the perspective of MAC, there can be issue if the second PDU is from CG and it is deprioritized by PHY. That is because the gNB would not be aware if there is a PDU of CG in the UE’s HARQ buffer, the PDU would not be scheduled for retransmission by the gNB, and the PDU would not be considered as a deprioritized MAC PDU from MAC point of view, so it would not be considered for autonomous retransmission. 
If the misalignment between MAC and PHY is resolved by changing MAC spec, two cases of sequential MAC PDUs delivery for the overlapping PUSCHs and the second PDU is for CG should be considered:
· CGs with the same L1 priority are overlapping

In this case, after MAC delivered the first PDU of one CG, the overlapping CG is recognized as prioritized grant (e.g. due to late traffic arrival) and MAC instruct PHY to transmit the second PDU of the prioritized CG. For the case of CG colliding with another CG of the same PHY priority that is not addressed by PHY layer prioritization, the second PDU of the prioritized CG from MAC point of view may not be transmitted by PHY. Since the MAC entity does not know the prioritized CG is actually deprioritized by the PHY, autonomous transmission for the CG is not triggered for the prioritized CG, and the data of the CG is eventually lost.  
· CG and DG with the same L1 priority are overlapping
In this case, after MAC has delivered the first PDU of DG, the overlapping CG is recognized as a prioritized grant (e.g. due to late traffic arrival) and MAC delivers the second PDU of CG which is prioritized from MAC point of view. The second PDU is for CG and CG is prioritized over DG from the MAC point of view. However, according to recent procedure in [3] PHY will prioritize DG over CG and CG may not be transmitted considering timeline restrictions. Since MAC entity does not know the prioritized CG is actually deprioritized by PHY, autonomous transmission for the CG is not triggered, and the data in the CG is eventually lost. 
The specification text of MAC related to above two cases for intra-UE prioritization between PUSCHs should be revisited to resolve the misalignment between MAC and PHY.
Observation: The spec text of MAC related to two cases for intra-UE prioritization between PUSCHs should be revisited to resolve the misalignment between MAC and PHY when:

· CGs with the same L1 priority are overlapping and
· CG and DG with the same L1 priority are overlapping

To resolve the issue, L1 priority should be visible to MAC. There are several potential methods:
· Option 1
MAC entity does not consider a CG as a prioritized uplink grant if there is an overlapping grants (CG or DG) with the same L1 priority that has obtained MAC PDU or there is overlapping grants or SR with higher priority based on LCH priority. Additional a condition to determine if there is any overlapping grant with the same L1 priority which has obtained MAC PDU should be added to the prioritization related to CG. The MAC entity determines the priority of a CG based on the LCH priority and considering whether the overlapping grant with the same L1 priority has obtained MAC PDU as well.

· Option 2
The MAC entity does not obtain a MAC PDU for a prioritized CG if there is an overlapping grant (CG or DG) with the same L1 priority for which MAC has obtained PDU. For a prioritized CG, if there is no overlapping PUSCH duration of another grant with the same L1 priority that has obtained a MAC PDU, MAC obtains a MAC PDU for the CG. One condition to determine if there is any overlapping grant with the same L1 priority which has obtained MAC PDU is added to the procedure for obtaining the MAC PDU for CG in section 5.4.2.1.
· Option 3
MAC aligns with the prioritization in PHY for CG and DG, i.e. DG is always prioritized over CG with the same physical priority in MAC. MAC does not consider a CG as a prioritized uplink grant if there is an overlapping grant (CG or DG) with the same L1 priority or with higher L1 priority and data is available for the grant. And accordingly a DG can be considered as prioritized if the L1 priority of the DG is equal to or higher than the overlapping CG. MAC does the prioritization only considering L1 priority, which is totally against the currently specified LCH-based rule for prioritization. 
The prioritization principle and impact to spec for the 3 options are summarized as below: 
	
	Prioritization principle
	Impact to spec

	Option 1
	· Do prioritization for CG considering L1 priority besides LCH-based rule
· Does not violate current LCH-based prioritization
	· Impact is limited

· In section 5.4.1, MAC needs to add a condition to judge if there is any overlapping grant with the same L1 priority which has obtained a MAC PDU when doing prioritization of CG

	Option 2
	· The prioritization remains the same to the current text

· No need to violate current LCH-based prioritization


	· Impact is limited

· In section 5.4.2.1, MAC needs to add a condition to determine if there is any overlapping grant with the same L1 priority which has obtained a MAC PDU when obtaining PDU for a CG

	Option 3
	· Do prioritization for CG only considering the L1 priority

· Violate the current LCH-based prioritization
	· Impact is significant

· In section 5.4.1, MAC has to change the condition for the prioritization of CG as well as DG so that only the L1 priority is considered. 


Option 3 violates current prioritization rule based on LCH priority and impact the spec significantly, while Option 1 or Option 2 do not violate current prioritization rule and has limited impact to specification.

In option 2, while the MAC entity has to obtain the second PDU for the prioritized CG, the deprioritized grant (CG or DG) may have already obtained the first PDU. Given that case, the second PDU will not be obtained for the prioritized CG and the first PDU will be transmitted by PHY. So the deprioritized grant from the MAC point of view is actually transmitted by PHY, and there is a misunderstanding on transmission in MAC. Extra effort should be made to resolve this misunderstanding, otherwise an autonomous retransmission is unnecessarily triggered for the deprioritized CG. Compared to Option 2, Option 1 is simpler and has lower specification impact. Thus Option 1 should be adopted as the method to resolve the misalignment between MAC and PHY for above cases related to CG.
Proposal 1: Adopt Option 1 to handle prioritization for PUSCH and PUSCH with the same L1 priority:

The MAC entity does not consider a CG as a prioritized uplink grant if there is an overlapping grant (CG or DG) with the same L1 priority for which MAC has obtained a MAC PDU or if there are overlapping grants or an SR with higher priority based on LCH priority.
If Option 1 is adopted, the TP to MAC spec is proposed as below:
	When the MAC entity is configured, with lch-basedPrioritization, for each uplink grant which is not already a de-prioritized uplink grant, the MAC entity shall:

1>
if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:

2>
if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and

2>
if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:

3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s).

1>
else if this uplink grant is a configured uplink grant:

2>
if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and

2>
if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and

2>
if there is no overlapping PUCCH resource with an SR transmission where the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant; and
2> if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the BWP, whose physical priority index is equal to that of the uplink grant and MAC PDU has been obtained; and

2> if there is no overlapping PUSCH duration of another configuration uplink grant which was not already de-prioritized, in the same BWP, whose physical priority index is equal to that of the uplink grant and MAC PDU has been obtained:
3>
consider this uplink grant as a prioritized uplink grant;

3>
consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s).


Proposal 2: If Option 1 is adopted, adopt above TP to MAC spec to handle prioritization for PUSCH and PUSCH with the same L1 priority.
3. Conclusion
In this contribution we have discussed prioritization handling for PUSCH and PUSCH with the same L1 priority. We have the following observations and proposals:

Observation: The spec text of MAC related to two cases for intra-UE prioritization between PUSCHs should be revisited to resolve the misalignment between MAC and PHY when:

· CGs with the same L1 priority are overlapping and
· CG and DG with the same L1 priority are overlapping

Proposal 1: Adopt Option 1 to handle prioritization for PUSCH and PUSCH with the same L1 priority:

The MAC entity does not consider a CG as a prioritized uplink grant if there is an overlapping grant (CG or DG) with the same L1 priority for which MAC has obtained a MAC PDU or if there are overlapping grants or an SR with higher priority based on LCH priority. 
Proposal 2: If Option 1 is adopted, adopt above TP to MAC spec to handle prioritization for PUSCHs with the same L1 priority.
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