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1 Introduction 
This paper discusses some open issues related to intra-UE prioritization.
2 Discussion
2.1 Separate configurability and capability for SR and data prioritziation 

Following FFS was identified in latest running MAC CR:
	It is FFS whether SR/data prioritization can be a separate configurable parameter from data/data prioritization.


SR vs grant prioritization is clearly a feature distinct from and complementary to grant prioritization, and hence should be a separate feature. For instance, SR vs grant prioritization can be used for infrequent aperiodic uplink URLLC traffic flow to prioritize associated SRs over lower priority traffic to ensure low latency delivery of uplink data. An alternative complementary solution involves use of configured grant to carry the aperiodic infrequent URLLC traffic and using data/data prioritization to prioritize the configured grant when the URLLC traffic is available. 
Observation 1: SR vs grant prioritization is a feature distinct from and complementary to grant prioritization, and both can be useful on their own for URLLC traffic.

Hence, we propose the following (to not unnecessary group them under one capability or configuration).
Proposal 1: SR and data prioritziation each have separate RRC configuration parameters and capabilities.

2.2 Role of configuredGrantTimer in intra-UE prioritization
Here we focus on part about ‘configuredGrantTimer‘ capture in the following FFS in latest MAC running CR:
	Priority determination considering MAC CE and configuredGrantTimer is FFS.


The CR further says the following about priority determination for an uplink grant:

	For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels with data available that are multiplexed or can be multiplexed in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. 


Based on the highlighted part above, we can conclude that a configured uplink grant ignored due to running configuredGrantTimer cannot cause deprioritization of another grant, since there is no data available that are multiplexed or can be multiplexed in the MAC PDU. 

Observation 2: For configured uplink grant which is ignored due to a running configuredGrantTimer, there is no data available that are multiplexed or can be multiplexed in the MAC PDU. Hence, such a configured uplink grant cannot cause deprioritization of another grant.
Hence, there is no need to clarify the impact of configuredGrantTimer on LCH-based prioritization. 
Proposal 2: There is no need to clarify the impact of configuredGrantTimer on LCH-based prioritization. 

2.3 Role of MAC CE in intra-UE prioritization

Here, we discuss the MAC CE part of the following FFS from the latest MAC running CR:
	Priority determination considering MAC CE and configuredGrantTimer is FFS.


Considering MAC priorities in LCH-based prioritization is an optimization that is not critical for Rel-15. RAN scheduling is expected to account for some buffer to carry MAC CEs to address segmentation.

Considering MAC CEs for LCH-based grant prioritization will require introduction of LCP restrictions for MAC CEs. Otherwise (due to absence of LCP restrictions for MAC CEs), a grant carrying low priority data and a high priority MAC CE could be prioritized over another grant carrying high priority data.
Due to the above considerations, we propose the following.
Proposal 3: MAC CEs included in MAC PDU are not considered in priority determination for intra-UE prioritization. 

2.3.1 Challenges of considering priority for BSR MAC CE in intra-UE prioritization 
A common example used to justify considering priority for BSR MAC CE in intra-UE prioritization involves URLLC data being deprioritized over a “BSR MAC CE for low-priority data”. Note in this example that, given the presence of URLLC data, there would have been a BSR associated with URLLC data also (i.e., LCG). Thus, it is not clear how a BSR MAC CE can be viewed as “BSR MAC CE for low-priority data”. One potential solution to this is to consider only LCGs reported in BSR with non-zero values. However, values reported in BSR are reported accounting for data sent using PUSCH carrying BSR. This leads to the following “chicken and egg” issue (once BSR priority depends on its contents):

· BSR values depend on how much data per LCG is carried in PUSCH 

· Data per LCG sent using PUSCH depends on priority of BSR which in turn depends on BSR values

Observation 3: Considering priority for BSR MAC CE in intra-UE prioritization presents several challenges since BSR values depend on how much data per LCG is carried in PUSCH, and data per LCG sent using PUSCH depends on priority of BSR which in turn depends on BSR values.
Given the above issues, we recommend not to introduce complex rules for determining priority of BSR such as ones depending on priority of reported logical channels.
2.4 Retransmission grant of CG: DG or not?
Following FFS was identified in latest MAC running CR:
	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.


Retransmission of configured grant is dynamically scheduled by a gNB scheduler based on latest information about all other previously scheduled configured grants and dynamic grants. Hence, they are dynamic grants and also better treated as such so that they getter higher priority when they overlap with another configured grant with same priority. Like any dynamic grant, there are associated timeline considerations to be considered also.
Hence, we propose the following.

Proposal 4: RAN2 confirms that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
2.5 Reactivation grant of CG: DG or not?
Following FFS was identified in latest running MAC CR:
	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.



Reactivation grant of CG also shares traits of a dynamic grant as it is dynamically scheduled by gNB scheduler based on latest information about all other previously scheduled configured grants and dynamic grants. However, they can also be viewed as first instance of configured grant configuration. 
Treatment of reactivation grant of CG as a CG introduce timeline challenges since such a grant can trigger setup/update of new/existing data structures for a new/existing CG and also involves actions like DCI processing before transmission. 
Observation 5a: Reactivation grant of CG shares traits of a dynamic grant as it is dynamically scheduled. Treatment of reactivation grant of CG as a CG introduce timeline challenges since such a grant can trigger setting-up of new data structures for a new CG and also involves DCI processing prior to transmission. 
Further, reactivation of CG doesn’t happen often, and a scheduler could avoid related conflicts.

Observation 5b: Reactivation of CG doesn’t happen often and a scheduler could avoid related conflicts.

Hence, we propose the following.
Proposal 5: Grant vs grant prioritization is not specified for reactivation grant of a CG.
2.6 Capability: Dependence of LCH based prioritization on PHY prioritization
During email discussion ‘[108#47][IIOT] UE feature list’, the issue of dependence of LCH based prioritization on PHY prioritization was discussed. 
RAN2 should discuss whether LCH based prioritization can be implemented without PHY prioritization before introducing any such dependence between the two. For instance, PDU suppression of LCH based prioritization can be used without any PHY-layer actions like pre-emption provided Rel-15 timelines for associated grants are followed by the scheduler. 
RAN plenary submissions from IIoT WI rapporteur RP-191965 (‘Revised WID: Support of NR Industrial Internet of Things (IoT)’) and RP-191966 (‘Revised WID: Support of NR Industrial Internet of Things (IoT)’ noted the following:
	Observation 2: By restricting intra-UE prioritization of PUSCH vs. PUSCH only to the case where the transmission for neither of the grants has been already requested from PHY layer by MAC, any PHY impacts are avoided.


and proposed the addition of following note to IIoT WID:

	NOTE: Only the prioritization between the overlapping grants for which the transmission has not yet been requested from PHY layer by MAC is considered.


We believe that this discussion is best done after RAN1 defines feature/capabilities related to PHY layer prioritization. 
Proposal 6: Once RAN1 has defined feature/capability related to PHY layer prioritization, RAN2 should discuss whether LCH based prioritization can be supported without PHY prioritization.
2.7 CG and allowedPHY-PriorityIndex
Following open issue was identified during discussion of running RRC CR:

	Editor’s note: FFS whether allowedPHY-PriorityIndex applies for configured grant.


LCP mapping restrictions using allowedCG-List can be used to apply any desired restriction that can be applied using allowedPHY-PriorityIndex. 

Observation 7: allowedCG-List makes allowedPHY-PriorityIndex redundant for CGs.

Proposal 7: allowedPHY-PriorityIndex does not apply to a configured grant.
2.8 DG without priority indication and allowedPHY-PriorityIndex 

Following open issue was identified during discussion of running RRC CR:

	Editor’s note: In this implementation, it is assumed that the LCH configured with allowedPHY-PriorityIndex is allowed to be mapped to dynamic grant without any priority indication. FFS: The mapping restriction between a LCH configured with allowedPHY-PriorityIndex and a grant without any priority indication.


TS 38.213 V16.0 clause 9 says: “If a priority index is not provided for a PUSCH or a PUCCH, the priority index is 0”. 
To align with TS 38.213, we propose the following:

Proposal 8: When apply LCP mapping restrictions based on allowedPHY-PriorityIndex, dynamic grant without priority indication is treated as a dynamic grant with priority index of 0.
2.9 Two uplink grants vs SR

Following FFS was identified in latest MAC running CR:
	It is FFS how UE handles the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission.


We propose the following to address the FFS.
Proposal 9: RAN2 should consider following two options to consider the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission:

a. Treat it as an error case.

b. Performing SR vs PUSCH prioritization by comparing SR’s priority against each of the uplink grant’s priority. 

Our reading of latest MAC running CR is that it is already aligned with option b. Specifically, PDU of any uplink grant overlapping SR of higher priority is suppressed as the associated uplink grant is not labelled as a prioritized uplink grant as shown in highlighted text below:

	if this uplink grant is addressed to C-RNTI or CS-RNTI:
2>
if there is no overlapping PUSCH duration of a configured uplink grant 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>
this uplink grant is a prioritized uplink grant;

3>
the other overlapping uplink grant(s), if any, is a deprioritized uplink grant.




Further, the following new text in clause 5.4.4 of latest MAC running CR also applies to each UL-SCH resource overlapping the SR:

	if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion overlaps with a UL-SCH resource, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant for the UL-SCH resource where the priority of the uplink grant is determined as specified in clause 5.4.1:


Observation 9: Latest running MAC CR already supports option (b), ie, the behaviour of performing SR vs PUSCH prioritization by comparing SR’s priority against each of the uplink grant’s priority.
3 Conclusions
Observations and proposals from the above discussion is reiterated below.
Observation 1: SR vs grant prioritization is a feature distinct from and complementary to grant prioritization, and both can be useful on their own for URLLC traffic.

Proposal 1: SR and data prioritziation each have separate RRC configuration parameters and capabilities.

Observation 2: For configured uplink grant which is ignored due to a running configuredGrantTimer, there is no data available that are multiplexed or can be multiplexed in the MAC PDU. Hence, such a configured uplink grant cannot cause deprioritization of another grant.

Proposal 2: There is no need to clarify the impact of configuredGrantTimer on LCH-based prioritization. 

Proposal 3: MAC CEs included in MAC PDU are not considered in priority determination for intra-UE prioritization. 

Observation 3: Considering priority for BSR MAC CE in intra-UE prioritization presents several challenges since BSR values depend on how much data per LCG is carried in PUSCH, and data per LCG sent using PUSCH depends on priority of BSR which in turn depends on BSR values.
Proposal 4: RAN2 confirms that an uplink grant addressed to CS-RNTI with NDI=1 is considered as a dynamic grant.
Observation 5a: Reactivation grant of CG shares traits of a dynamic grant as it is dynamically scheduled. Treatment of reactivation grant of CG as a CG introduce timeline challenges since such a grant can trigger setting-up of new data structures for a new CG and also involves DCI processing prior to transmission. 

Observation 5b: Reactivation of CG doesn’t happen often and a scheduler could avoid related conflicts.

Proposal 5: Grant vs grant prioritization is not specified for reactivation grant of a CG.
Proposal 6: Once RAN1 has defined feature/capability related to PHY layer prioritization, RAN2 should discuss whether LCH based prioritization can be supported without PHY prioritization.
Observation 7: allowedCG-List makes allowedPHY-PriorityIndex redundant for CGs.

Proposal 7: allowedPHY-PriorityIndex does not apply to a configured grant.
Proposal 8: When apply LCP mapping restrictions based on allowedPHY-PriorityIndex, dynamic grant without priority indication is treated as a dynamic grant with priority index of 0.
Proposal 9: RAN2 should consider following two options to consider the case that at least two uplink grants with different MAC PDUs overlap with an SR transmission:

c. Treat it as an error case.

d. Performing SR vs PUSCH prioritization by comparing SR’s priority against each of the uplink grant’s priority. 
Observation 9: Latest running MAC CR already supports option (b), ie, the behaviour of performing SR vs PUSCH prioritization by comparing SR’s priority against each of the uplink grant’s priority.
