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Introduction
[bookmark: _Toc524946176]In this paper, we discuss the remaining details on intra-UE prioritization and other open issues from the MAC and RRC running CR discussion. 
Discussion
[bookmark: _Toc4592785]On Priority Determination
It has been agreed that 
	For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability.


The above agreement describes the solution where MAC should conduct grants’ prioritization based on LCH and grants priority ONLY without considering other aspects. However, it has been argued in the MAC Running CR whether to consider MAC CE and configuredGrantTimer in the priority determination process. 
	Editor’s Note: Priority determination considering MAC CE and configuredGrantTimer is FFS.



Some proposals (e.g., in [2]) that the prioritization process needs to be complemented to address the case where the MAC PDU includes MAC CE (the same issue appears in the SR versus PUSCH prioritization [3]). 
One way is to re-use the LCP-priorities (i.e. those found in the end of sub-clause 5.4.3.1.3 of TS 38.321) when MAC allocates resources for different logical channels. In this list, certain MAC CEs such as confirmation MAC CE, BSR MAC CE, PHR MAC CE have higher priority than the highest LCH priority. However, there is no LCP restriction defined for MAC CE, and it means that a low priority grant (with long PUSCH duration and ordinary BLER target of 10%) with MAC CE can pre-empt a high priority grant with critical data, if the priorities in 5.4.3.1.1 has been adapted in the prioritization between grant rules. One may argue that we can introduce LCP restriction for MAC CE, to avoid such behaviour, but this would essentially prevent the MAC CEs to be sent on some grants. Because the triggering of UL MAC CE is done within the UE, network is not aware exactly when these will be triggered and even if gNB is able to provide suitable grants, the delivery would be severely delayed. 
It is also argued that only BSR (among all other MAC CEs) should be included in this prioritization and other MAC CEs are ignored since they are LCHs’ agnostic. However, the following aspects should be considered before agreeing on this direction. Firstly, since BSR is triggered by data in high priority LCH, we can consider the high priority LCH itself in the prioritization process instead of its corresponding BSR. Secondly, the problem of sending high priority BSR (or corresponding to high priority LCH) on low priority grant has been addressed by allowing the corresponding PUCCH of the triggered SR (which is associated with the triggered BSR) to overlap and override that low priority grant. This has been discussed in ‎[3] and RAN2#107 agreements, i.e., if SR has been triggered and the corresponding PUCCH resources overlap with PUSCH resources, and the LCH triggering SR has higher priority than those to be sent over PUSCH, then the PUCCH of this SR should overrides those PUSCH for low priority LCHs.
One simple solution is to ignore the MAC CE in the grant prioritization rule. Using this solution, there can be cases that the MAC CE is lost (i.e., the MAC PDU carrying this MAC CE is pre-empted by a later MAC PDU with higher priority LCH). In order to address such case, the following solution can be considered:
· The MAC CE, can be recovered by the retransmission of the preempted MAC PDU, as part of the solution discussed in [5]. The MAC CE is not lost but delayed by one HARQ retransmission round-trip time. In Rel-15, there is no LCP restriction on MAC CE and it is expected that the MAC CE might be delayed due to HARQ re-transmissions. We believe this solution is clear and follows the principle in Rel-15.
If there is a need for further optimization, another solution is to transmit the de-prioritized MAC CE on the pre-empting grant. Hence, avoid the extra delay resulted due to waiting for the retransmission of de-prioritized PDU. It makes sense to avoid such delay to preserve the functionality of the lost MAC CE, e.g., the value of PHR MAC CE points to a specific time slot, hence sending it in the same slot will preserve its functionality. 
From the above discussion, we propose that 
[bookmark: _Toc23705109][bookmark: _Toc23705267][bookmark: _Toc32513911]MAC CE is not considered in determining the priority of the grant/UL-SCH. 

The other discussion aspect in the prioritization process is whether to consider the configured grant which has the configuredGrantTimer running at the time of prioritization decision. Considering a CG that has a running configuredGrantTimer is not consistent with the MAC specification, because current MAC specification does not deliver the configured uplink grant and the associated HARQ information to the HARQ entity (as described below).
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization; or
1>	if the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if the configuredGrantTimer for the corresponding HARQ process is not running:
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;
3>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.


Hence the prioritization is not necessary, since the CG is not considered for transmission. If a CG is not considered for transmission, it does not have any overlapped PUSCH with other grants and thus this is already captured in the current MAC running CR in the prioritization.
[bookmark: _Toc32513912]Confirm, as in the current running MAC CR, that the configured grant with configuredGrantTimer running is not considered in the grant prioritization procedure.

[bookmark: _Toc4422253][bookmark: _Toc4572633][bookmark: _Toc4572834][bookmark: _Toc4592787]On re-activation and retransmission consideration
Now, we consider how to consider configured grant re-activation and re-transmission addressed to CS-RNTI with NDI = 0,1 respectively, as described in the below MAC Running CR FFS.
	Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a configured grant or not. In this version of running CR, it is assumed that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Editor’s Note: It is FFS whether an uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re-)activation of type 2 CG) is a configured grant or not. In this version of running CR, it is not clearly captured.



It is important to decide whether to treat retransmission and re-activation of CG as a dynamic grant or configured grant, because it is impacted by different rules of overlapping grant prioritization, especially when the highest priority of conflicting grants is equal as described in the following agreements:
	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 CG-CG conflict with equal priority, prioritization is up to UE implementation.



Based on the above agreements, 1) if we consider the re-transmission of CG as a DG then it will override (if occurred) an overlapping CG of equal or lower priority. Otherwise, 2) if the retransmission of CG is considered as a CG, then the handling of the overlapping CG, with equal priority, (if occurred) will be left for UE implementation. This is unreasonable, since gNB knew about the conflict and would have decreased the retransmission grant priority if it desired a behaviour other than overriding the CG by the retransmission grant. Another reason for considering the re-transmission grant as DG is to give such grant a higher priority than CG of equal priority, hence the dropped URLLC data would make it in the second retransmission occasion.  
[bookmark: _Toc32513913]Confirm that uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a dynamic grant. 

For the case of (re)-activation of CG addressed to CS-RNTI with NDI=0, it should be considered as a CG. This is already captured in the MAC Rel-15, as below highlighted part
	3>	else if PDCCH contents indicate configured grant Type 2 activation:
4>	trigger configured uplink grant confirmation;
4>	store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink grant;
4>	initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated PUSCH duration and to recur according to rules in clause 5.8.2;
4>	stop the configuredGrantTimer for the corresponding HARQ process, if running;


Another reason for considering the (re)-activation as CG is that one cannot differentiate from the grant/DCI whether it is initial activation or reactivation, therefore, since the DCI could also be an activation, it should be considered a CG. 
One may argue that for the case of re-activation, gNB decides to transmit this grant and by the same argument above, it should be considered as DG. However, if gNB wished to override the other CG, then it can send a DG with the same priority instead of re-activating the CG.
[bookmark: _Toc32513914]As in Rel-15, the uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re)-activation of a configured grant) is a configured grant. 

Configurability of SR/data vs data/data prioritization
One remaining open issue noted in the email discussion 108#47 UE feature list, is whether prioritization of SR/data should be a separate feature from prioritization of data/data or not, i.e.: 
Editor’s note: It is FFS whether LCH priority-based prioritization covers both data/data prioritization and SR/data prioritization or if separate features are needed.
While similarities and overlap in functionality of these features exist, their impact on UE MAC multiplexing as well as scheduling and gNB UL reception are quite different. Also, the purposes are distinct, i.e. SR/data multiplexing would be configured in a scenario where typically slot-based MBB transmission would be served dynamically, but still sporadic URLLC transmissions should be served quickly as well once URLLC data becomes available and is indicated by SR. SR should pre-empt in this case any ongoing MBB transmission, to speed up the scheduling process and thus allowing scheduling URLLC transmissions dynamically. 
It is not necessary or even not wanted in some implementations that UE prioritized between potentially overlapping grants for data/data in this case. Note that for gNB the data/data prioritization feature would come with the burden of decoding according to multiple hypotheses of which grant the UE may choose, which should be avoided if not needed/wanted. Intra-UE prioritization among data/data should thus be separate configurable feature. 
Another example is that a periodical URLLC/TSC flow with configured grants and sporadic eMBB with dynamic grant shall be served efficiently with the help of the data/data prioritization feature. The SR/data prioritization feature is not required in this scenario and it should be possible to only configure data/data prioritization in this case. We strongly believe that the feature should be kept separate and thus propose:
[bookmark: _Toc32513915]SR/data prioritization is separate configurable feature from data/data prioritization feature. 

[bookmark: _Ref32485550]Late Arrival of critical traffic 
Another possible corner case is described in Figure 2, as illustrated in ‎[4]. In this case the DCI (or allocation of both grants) might be known ahead of time (Note that if the DCI of the later grant is not known ahead of time, then it’s just a pre-emption case that cannot be avoided).  In case the prioritization decision, at t1, was to select the low priority DG due to the fact that the higher priority CG did not have available critical data at t1, then if the critical data arrives at t2 it cannot be sent over CG due to the prior decision of selecting DG over CG. 

[image: ]
Figure 2. Corner case for prioritization process missing the right decision ‎[4]
However, MAC triggers the overlapping grant prioritization process just before each configured grant occasion (by enough processing time such as at t2 in Figure 2). Note that this is stated clearly in the specification:
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
……….



Hence, in this case, UE implementation will trigger the prioritization process two times i.e. before each PUSCH, and a pre-emption decision can be made once the critical traffic arrives at a point before the CG grant starts, even if the first decision was a selection of DG.
We can conclude that this corner case never happens. Thus, no need to look for a solution to such case.
[bookmark: _Toc32485021][bookmark: _Toc32513918]MAC procedures are triggered per CG occasions; hence the late arrival of critical traffic will not cause a problem. 

On overlapping of more than two uplink resources
Consider the case of two PUSCHs overlapping with a single PUCCH according to the Editor’s note below. 
	Editor’s Note: It is FFS how UE handles the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission.


One example is as illustrated in Figure 1. Case-1 describes two PUSCHs (of high (L1) and low priority (L3)) overlapping with a PUCCH of medium priority (L2). Case-2 describes similar overlapping with flipping the L1 in place of L3. In both cases, an optimal solution is to transmit both on L1 and L3 and deprioritize L2. The question is if and how to capture this in the spec.
[image: ]
Figure 1. Overlapping 2-PUSCHs and 1-PUCCH
[bookmark: _Ref31062813]Ideally, the prioritization process would consider all overlapping and non-overlapping UL resources (PUSCH, PUCCH) according to their LCH priorities within a certain timeframe (some slots/OFDM symbols), then prioritize the UL resources with highest priorities, which leads overall to best spectral efficiency. In such a decision, as shown in Figure 1, for the overall prioritization decision beside the overlapping resources, also non-overlapping resources would be considered.
It is obvious that such a solution is not easy to be captured in the specification. In particular, as noted in Section 2.4, such an approach would deviate from the current MAC CR algorithm where prioritization process is initiated per each grant. 
One option to avoid the foreseen specification complexities would be to leave this 3 UL resource overlap case for UE implementation which could lead to optimal outcome but non-deterministically from gNB point of view. Nevertheless, we believe that for many scenarios of the three overlapping UL resource scenario, a deterministic UE behaviour should be defined, avoiding wrong prioritization decisions, that would e.g. decrease spectral efficiency. Thereby we should rely on the principle that MAC prioritization is done (as in MAC running CR) at each overlapping occasion, i.e., L1-L2 and L2-L3. For the above case 1 in the figure, L2 is first deprioritized but later L3 deprioritized due to L2. For the above case 2, L3 is first deprioritized due to L2 and then L2 is deprioritized due to L1. Only L1 grant will be transmitted, which is a waste of resources, because L3 does not overlap with L1, hence it could be also transmitted without any collision with L1. As a solution one may consider that once a resource is de-prioritized, it is considered de-prioritized again in a later prioritization stage (i.e., a prioritization against different grant, not the same grant as in section ‎2.3). While this solves Case-1, it is still not an optimal solution for the above Case-2. To handle also Case-2, considering L2 is an SR, when determining whether SR has higher priority, UE should compare with not “the overlapping” but “any overlapping” grant. Thus, any other overlapping grant processed already is considered. The two approaches are reflected in the following proposals:
[bookmark: _Toc32513916]UL resource (e.g. SR/grant) that has been de-prioritized, compared to a previous grant, is also de-prioritized compared to any other later grant.
[bookmark: _Toc32513917]SR is triggered if SR priority is higher than any uplink grants overlapping with its PUCCH resource.
The specification impact to 38.321 would be minimal, i.e. compared to MAC running CR:
Section 5.4.1
2>	... current conditions ... ; and
2> if this uplink grant is not already a deprioritized uplink grant;

3>	this uplink grant is a prioritized uplink grant;
    3>	the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.
Section 5.4.4
3>	if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion overlaps with any UL-SCH resource, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant for the any UL-SCH resource where the priority of the uplink grant is determined as specified in clause 5.4.1:
Conclusion
The following observations have been made:
[bookmark: _GoBack]Observation 1	MAC procedures are triggered per CG occasions; hence the late arrival of critical traffic will not cause a problem.

Based on the discussion in the previous sections we propose the following:
Proposal 1	MAC CE is not considered in determining the priority of the grant/UL-SCH.
Proposal 2	Confirm, as in the current running MAC CR, that the configured grant with configuredGrantTimer running is not considered in the grant prioritization procedure.
Proposal 3	Confirm that uplink grant addressed to CS-RNTI with NDI=1 (i.e. retransmission of a configured grant) is a dynamic grant.
Proposal 4	As in Rel-15, the uplink grant addressed to CS-RNTI with NDI=0 (i.e. (re)-activation of a configured grant) is a configured grant.
Proposal 5	SR/data prioritization is separate configurable feature from data/data prioritization feature.
Proposal 6	UL resource (e.g. SR/grant) that has been de-prioritized, compared to a previous grant, is also de-prioritized compared to any other later grant.
Proposal 7	SR is triggered if SR priority is higher than any uplink grants overlapping with its PUCCH resource.
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Agreements
RAN2#106
· For de-prioritized PUSCH on dynamic grant, the UE should store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission using the same HARQ process. 
· For de-prioritized PUSCH on configured grants, a) the UE could store the de-prioritized MAC PDU in the HARQ buffer, to allow gNB to schedule re-transmission. b) FFS if the UE could transmit it using the subsequent radio resources e.g. associated with the same HARQ process
· The above agreements are at least applicable for cases when MAC has already generated the de-prioritized MAC PDU
RAN2#107
· R2 will de-prioritize work on intra-UE prioritization until R1 has made more progress. 
· same prioritization solution for CG vs CG conflict and CG vs DG conflict
· Extend LCP restrictions by allowing restrictive mapping between an LCH and certain CG configurations.
· LCP restriction enhancements for DG to take into account reliability is needed, details FFS. 
· no need to define UE processing time in MAC
· The same UE prioritization behaviour should be applied for resource conflicts between new transmissions or a new transmission and a retransmission.
· RAN2 assumes that MAC PDU recovery method in grant prioritization could be reused for PUSCH vs SR conflict.
· 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 are two grants where one will be de-prioritized (and there is data available for both grants).  One PDU is generated
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource, if the priority of the LCH that triggered the SR is “high” (FFS).  Priority value of the UL-SCH resource is FFS
· If an SR was triggered before MAC PDU assembly and PUCCH resource for the SR’s transmission occasion conflicts with UL-SCH resource of the MAC PDU, and the UL-SCH transmission is deprioritized, a MAC PDU will not be generated. (conflict = they cannot both be transmitted)
· When a PUSCH transmission is deprioritized, desired PHY behaviour is for RAN1 to decide
RAN2#107bis
· We don’t do the solution where the UE indicate explicitly to the network that there is data for a deprioritized PDU
· There is support to have “UE autonomous retransmission in a CG resource”. Allow checking of complexity to next meeting.
RAN2#108
· The TPs can work, as baseline (maybe some details to fix)
· UE autonomously transmits the de-prioritized PDU as a new transmission in a CG resource from the same CG configuration (FFS different CG configuration)
· The new CG uses the same HARQ process as the deprioritized CG.
· The Aut (re-) transmission feature is optional
· The case when the next CG resource cannot be used for a retransmission because of UE processing time limitation can occur (no consensus on whether this is a corner case or a mainstream case). Leave the timeline restriction to UE implementation (we don’t specify a new number, can specify something). 
· UE shall not perform autonomous transmission of the PDU if network has scheduled a retransmission grant for the PDU. FFS whether we specify some time restriction. 
· RRC configures a LCH with one or more allowed L1-priority level values (e.g. in a allowedPriorityLevels list) in LogicalChannelConfig (as in the current LCH restrictions), applied at least for mapping to DG, FFS for CG 
· For CGCG conflicts, and CGDG conflicts, the priority value of an uplink grant (UL-SCH resource) is the highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. 
· If PUCCH resource for an SR’s transmission occasion overlaps a UL-SCH resource, SR’s transmission is allowed (prioritized) based on a comparison of priority of the LCH that triggered the SR and a priority value for the UL-SCH resource (where the priority value is determined as in previous agreement), if the priority of the LCH that triggered the SR is higher.
· For CG-CG conflict with equal priority, prioritization is up to UE implementation.
· For SR-Data conflict with equal priority, UL-SCH (i.e. data) is prioritized.
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