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1 Introduction

In RAN2#108, RAN2 made the following agreements on intra-UE prioritization and multiplexing:
· 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.

This contribution discusses configurability of the Rel-16 prioritization and how the priority value of UL-SCH resource is determined by considering MAC CE priority.
2 Discussion
2.1 Configuration of Rel-16 Prioritization
In the current version of MAC running CR [1], a new configuration, lch-basedPrioritization, which indicates whether to use the new Rel-16 prioritization introduced by IIOT WI was assumed. Since it has not been discussed in RAN2, an Editor’s Note captures:
	Editor’s Note: The texts in this version of the running CR assume that priorityBasedPrioritizationlch-basedPrioritization, prioritization of resource conflict based on priority as a new feature of IIOT WI, is configurable for backward compatibility and separation from exisitng texts for UEs not supporting this feature. This feature requires a confirmation of RAN2. Thus, whether and how to configure it is FFS. This terminology may be changed after the discussion on MAC CE priority.


In our view, it is an essential configuration. In IIOT WI, RAN2 is trying to introduce some UE behaviour which is almost opposite to the legacy Rel-15 UE behaviour, e.g. prioritization of CG over DG. Then, the change without configurability is non-backward compatible (NBC) at least for legacy gNB which does not understand Rel-16 prioritization behaviour. Also, we need to consider a Rel-16 UE which does not support IIOT features including the prioritization, e.g. NR-U UE. Considering these aspects, we should specify a separate and configurable UE behaviour in the MAC spec.
Proposal 1. Rel-16 IIOT prioritization rule is configurable. lch-basedPrioritization in MAC running CR is confirmed.
2.2 Priority of MAC CE
One important open issue not agreed yet is whether MAC CE priority is considered for the priority value of UL-SCH resource. This priority value of UL-SCH resource is used for both SR vs UL-SCH conflict and between PUSCHs conflict. In RAN2#108, the agreed priority rule is highest priority of the LCHs that is multiplexed or can be multiplexed in MAC PDU, taking into account LCH restrictions and data availability. For the case that any MAC CE is not included in the MAC PDU, this rule does not make any concerns. The problem is the case that one of MAC CE is included in the MAC PDU. 
In Rel-15 MAC [2], priority order of MAC CE and data is as follows:
	Logical channels shall be prioritised in accordance with the following order (highest priority listed first):

-
C-RNTI MAC CE or data from UL-CCCH;

-
Configured Grant Confirmation MAC CE;

-
MAC CE for BSR, with exception of BSR included for padding;

-
Single Entry PHR MAC CE or Multiple Entry PHR MAC CE;

-
data from any Logical Channel, except data from UL-CCCH;

-
MAC CE for Recommended bit rate query;

-
MAC CE for BSR included for padding.


Except URLLC services, CG confirmation, BSR, and PHR needs to be considered higher priority than usual data, because it is related to control information. Therefore, if SR triggered by eMBB LCH with slightly higher priority overlaps with UL-SCH containing BSR and low priority LCHs, it seems reasonable that UL-SCH should be prioritized.
However, for URLLC case, SR needs to be prioritized over such MAC CEs. URLLC service requires stringent latency requirements so delay of SR could degrade the performance severely.
Observation 1. UL-SCH including MAC CE should be prioritized over eMBB SR but de-prioritized over URLLC SR.

From Observation 1, we can say that the priority of MAC CE is somewhere between URLLC LCH and eMBB LCH. So, a differentiation rule is necessary and we could consider the following options:
· Option 1. Indication of high priority logical channel (e.g. URLLC) prioritized over some MAC CEs, e.g. CG confirmation/BSR/PHR.

· Option 2. MAC CE could have its own priority value. Then, the priority value of MAC CE is considered together with that of logical channels.

We think Option 1 gives additional complexity to the specification. Option 2 could reuse existing priority concept, i.e. prioritization rule being discussed in IIOT WI and LCP rule in rel-15 MAC.
Observation 2. Priority value of MAC CE enables that high priority logical channels can be prioritized over MAC CE with reusing existing principle as much as possible. 
Priority value of MAC CE resolves another problem of unnecessary segmentation [3]. Under the current LCP, MAC CE is always included first and data can use only remaining data. It could make some RLC SDU segmented. Otherwise gNB allocates sufficient size of MAC PDU considering unexpected MAC CE. Table 1 shows the ratio of data part assuming that gNB allocates sufficient amount of resources for URLLC plus unexpected MAC CEs with MAC subheaders. From the analysis, we see that the ratio of the URLLC data and its subheader could drop severely to 42~50% for smaller data case. Even for 102 bytes data, at least 10 percent of padding is unnecessarily expected. 
Table 1. Data Inefficiency due to resource reservation for MAC CE(s) [3]
	Data size (+ subheader)
(bytes)
	Reserved Resource 
for MAC CEs
(bytes)
	Total Reserved Resource
(bytes)
	Data / (MAC CE(s) + Data)

	
	
	
	

	22
	10
	32
	0.6875

	22
	20
	42
	0.523809524

	22
	30
	52
	0.423076923

	32
	10
	42
	0.761904762

	32
	20
	52
	0.615384615

	32
	30
	62
	0.516129032

	52
	10
	62
	0.838709677

	52
	20
	72
	0.722222222

	52
	30
	82
	0.634146341

	102
	10
	112
	0.910714286

	102
	20
	122
	0.836065574

	102
	30
	132
	0.772727273


In [3], other solutions were also listed up but if the priority of MAC CE is introduced for prioritization, other solution is not needed. 
Observation 3. Priority value of MAC CE can avoid unnecessary segmentation on URLLC resource. 
Considering above, we can say that priority value of MAC CE is beneficial for both prioritization between resources and LCP.
Proposal 2. Priority value of MAC CE can be configurable.

Proposal 3. Priority value of UL-SCH resource is determined by the highest priority value among MAC CEs and logical channels contained in the UL-SCH resource.

3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposals:
Proposal 1. Rel-16 IIOT prioritization rule is configurable. lch-basedPrioritization in MAC running CR is confirmed.
Proposal 2. Priority value of MAC CE can be configurable.

Proposal 3. Priority value of UL-SCH resource is determined by the highest priority value among MAC CEs and logical channels contained in the UL-SCH resource.
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