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Introduction

In RAN2#105 meeting, the following agreements are achieved as follows:

Agreements:
RAN2 shall study resource conflicts between multiple active configured grants, in addition to Scenarios 2 and 3, part of UL data-data prioritization.

UE prioritization of a grant when there is at most one dynamic grant in the set of conflicting grants (scenario 2 and CG/CG collision) shall be addressed. MAC specifies currently the UE prioritization of such cases, and modifications to MAC would be required.

RAN2 assumes that the later dynamic grant may always be prioritized over and earlier dynamic grant (scenario 3). One way to realize this is that MAC generate a PDU for each grant and let L1 handle conflicting transmissions. To be confirmed following progress in RAN1. Other solutions are not precluded

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.

From RAN2 understanding, In the case that collision between grants in which there is at least one configured grant, MAC sublayer need do the selection of UL grant to process. However, since the MAC cannot always perform the grant selection under some scenarios, the PHY handling method for selection is still necessary for intra-UE multiplexing.  The intention of this contribution is to share our views on the possible way of priority selection for intra-UE multiplexing.
Discussions
General
Towards MAC based prioritization of UL grant method, Many contributions have already pointed out that the priority processing procedure cannot be done only by MAC layer under some cases. For example , since the timing of LCP procedure is left to UE implementation , MAC may have no chance to do the grant selection and will generate PDUs for each collided grant. Besides, during online discussion, some companies pointed out  when an eMBB re-transmission is scheduled , and after that one URLLC new scheduling is coming, MAC also cannot perform the priority selection and generate both PDUs for each grant. 

Observation 1: Under some scenarios, MAC cannot perform the UL grant selection and will generate PDUs for each collided grant.
In our understanding, no matter whether MAC perform the priority selection or not, once MAC PDU for each collided grants were generated by MAC, PHY selection method is always necessary. Thus we propose that:

Proposal 1: No matter whether MAC perform the priority selection or not, PHY layer shall be able to handle the UL grant selection for UL transmission anyway.

During the online discussion , some companies suggest MAC shall do nothing for grant selection, it can be left to PHY for handling the grant selection. 
Does it mean the MAC sublayer shall do nothing for priority selection?

Assuming that the MAC sublayer selection is not needed, which means the priority handling is transparent to MAC sublayer. Let us find out what will be happened if MAC do nothing for priority transmission.
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Fig. 1 Legacy operation for eMBB dynamic transmission in R-15
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Fig. 2 Legacy operation for URLLC configured grant transmission in R-15
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Fig.3 Legacy operation if PUSCH for eMBB and URLLC without any MAC handling
In fig.1 and fig.2, these figures is to show how UE process the UL grant (including dynamic grant; configured grant) without any conflict. If we do not do anything in MAC sublayer, once the the conflict is occurred, the UE behavior may be shown as fig.3: the LCP for URLLC is occurred after the beginning of the eMBB transmission, if intra-UE pre-emption is not supported by PHY,the URLLC transmission will be blocked by eMBB transmission which is the current legacy operation defined in Rel-15 (Dynamic grant always override Configured grant). 

Observation 2: Assuming the priority processing only performed by PHY without any help from MAC, in the case the collision is between URLLC configured grant and eMBB dynamic grant , if LCP for URLLC configured grant were after the beginning of the eMBB transmission, the priority selection cannot be done by PHY.
However, according to the email discussion[],we have a consensus that the URLLC configured grant shall override the dynamic grant. For above case,  One direct way is to make MAC generate the MAC PDU for URLLC configured grant before the beginning of the PUSCH transmission that can give PHY enough time to process the priority selection. Thus the MAC specification will be modified by this request.

Observation 3: MAC sublayer need realize the priority level for each grant and need some behavior in order to provide enough time to PHY for processing the priority selection between collided grants. 
From above observation ,  we shall insist on the agreement achieved in RAN2#105 meeting ,we propose that:

Proposal 2: The UE prioritization handling in MAC shall be considered as supplement of prioritization handling in PHY , and modifications to MAC would be required.

The MAC based UE prioritization handling

According to the current specification,  For the configured grant type1 and type2, the transmission over air interface will only be processed in case there are avaliable data for transmission(i.e. data from the LCH, for which the configured grant transmission is allowed). And if there is no data available, the configured transmission will be skipped.  However, if the one configured grant is dropped by MAC layer,   it is quite difficult for gNB to determine which situation is  (skipping or overridden by the higher priority configured grants). Thus the NW will not schedule the resources for the dropped configured grant.
Observation 4: The NW can not distinguish the case that the configured grant transmission is skipped due to lack of avaliable data or the configured grant transmission is cancelled due to the intra-UE priority handling. Thus the NW will not schedule the retransmission resource for the configured grant transmission which is cancelled due to intra-UE priority handling.

For avoiding the data lost by the dropped configured grant, the stopping of the LCP procedure for dropped grant should be necessary. Thus we propose that:

Proposal 3:  If a collision of configured grant transmission can be predicted and there is high priority data avaliable for the configured grant transmission, the UE should be able to cancel the conflict configured transmission and also the related LCP procedures.

Since the timing of LCP operation is some kind of UE implementation and it is hard to the specified in protocols,  we think the detail procedure for selection can be left to UE implementation . thus we propose that:

Proposal 4: A note is sufficient to specify that “UE may cancel the LCP procedure and skip the related transmission in case the a conflict with a transmission of high priority data can be predict”. And the detail can be left to UE’s implementation.
The corporation between MAC and PHY for priority processing
In the case that MAC have no chance to process the priority of grant, MAC will generate PDUs for each collided grant. The responsibility of processing UL grant transmission is fell on the shoulder of PHY. Thus the issue will be raised in such case, How PHY can identify the UL grant with the higher priority?

For dealing with this issue, the following two options can be referred to:

Option 1: PHY derive the priority information from MAC layer directly
Option 2: PHY have a information of priority information based on sequence of PDU arriving timing [1]
For option 1, this is an easier and a direct way to derive the priority information from MAC layer , as a simple solution, the priority level for each grant can be equal with the highest LCH priority which is used for composing respective PDU during LCP procedure. 

For option 2, Although it is a nice idea for PHY to identify the higher priority grant among the collided grants, since the different PDU will place into different HARQ buffers, besides there is not any time stamp for the MAC PDU generation. Thus PHY is not able to identify the sequence of PDUs’ arrival.

Thus we propose that:

Proposal 5: For selection of PDU with higher priority transmission can be done in PHY, MAC shall send an priority indication with the corresponding PDUs to PHY. The detail is FFS.

Conclusion 

Based on all the analysis above, we give our proposals as:

Observation 1: Under some scenarios, MAC cannot perform the UL grant selection and will generate PDUs for each collided grant.
Proposal 1: No matter whether MAC perform the priority selection or not, PHY layer shall be able to handle the UL grant selection for UL transmission anyway.

Observation 2: Assuming the priority processing only performed by PHY without any help from MAC, in the case the collision is between URLLC configured grant and eMBB dynamic grant , if LCP for URLLC configured grant were after the beginning of the eMBB transmission, the priority selection cannot be done by PHY.
Observation 3: MAC sublayer need realize the priority level for each grant and need some behavior in order to provide enough time to PHY for processing the priority selection between collided grants. 
Proposal 2: The UE prioritization handling in MAC shall be considered as supplement of prioritization handling in PHY , and modifications to MAC would be required.

Observation 4: The NW can not distinguish the case that the configured grant transmission is skipped due to lack of avaliable data or the configured grant transmission is cancelled due to the intra-UE priority handling. Thus the NW will not schedule the retransmission resource for the configured grant transmission which is cancelled due to intra-UE priority handling.

Proposal 3:  If a collision of configured grant transmission can be predicted and there is high priority data avaliable for the configured grant transmission, the UE should be able to cancel the conflict configured transmission and also the related LCP procedures.

Proposal 4: A note is sufficient to specify that “UE may cancel the LCP procedure and skip the related transmission in case the a conflict with a transmission of high priority data can be predict”. And the detail can be left to UE’s implementation.
Proposal 5: For selection of PDU with higher priority transmission can be done in PHY, MAC shall send an priority indication with the corresponding PDUs to PHY. The detail is FFS.
Reference

[1] R2-1904055 On grant prioritization involving configured grants
Ericsson
