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Discussion and Decision
1      Introduction

In RAN2#98 meeting, following was agreed regarding LCP:
Agreements:

1. Logical Channel Priority is configured per MAC entity per logical channel 

2. PBR is not configured per numerology, it is per “logical channel” as in LTE 

3. Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  

4. FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified.  
In this contribution, we discuss the processing order of UL grants when UE receives multiple UL grants.
2      Discussion
In LTE, when UE receives multiple UL grants for the same TTI, how to process the UL grants (e.g. serial processing or parallel processing) is up to UE implementation, according to TS 36.321 section 5.4.3.1, as copied below.
	NOTE:
When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation.


For NR LCP, there were some proposals to define some guidelines on how UE should process multiple UL grants (e.g. [3]

 REF Ref_ZTE \h 
[4][5]). The main motivation for such proposals are to consider different timing requirements from different TTIs/numerologies, and to give gNB scheduler more information since UE behavior can be known.

Timing aspect

The agreement from RAN1 on timing is as following (TR 38.802 [2]):
	NR supports both data and control with the same numerology. The same-slot and cross-slot scheduling for UL is supported. Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values and the set of values is configured by higher layer. For slot-based scheduling, UL assignment in slot N and corresponding uplink data transmission in slot N+K2 is to be specified.


According to agreement from RAN1#86bis, “All UEs should support K2≥1 with exact values for K2 FFS; Some UEs may support K2=0 (FFS conditions)”. 
From timing perspective, it should be clarified that whether the discussion on UL grant processing order is related to multiple UL grants received or multiple UL grants for transmission. From LTE specification cited above (“When the MAC entity is requested to transmit multiple MAC PDUs in one TTI”), it is understood that this is related to the multiple UL grants for transmission. 
In Figure 1 below, an example is shown to illustrate the timing relationship. We assume there are two numerologies, e.g. one with SCS=15 kHz and another with SCS=30 kHz. We also assume that that slot length is 1 ms and 0.5 ms for 15 kHz and 30 kHz SCS numerologies, respectively, and K2=4. 
· Case A: the numerologies for the multiple UL grants are both 15 kHz SCS, the multiple UL grants are received at the same time, and the corresponding UL data are transmitted at the same time. This is similar to legacy LTE case with multiple UL grants.
· Case B: the numerologies for the multiple UL grants are different. The multiple UL grants are received at the same time, but the corresponding UL data are transmitted at different time. In this case, there is no need to specify anything in RAN2 regarding the order of UL grant processing since this is already covered by RAN1 timing requirement. In addition, since the LCP operation are actually performed for the data transmission in different time, there is no need to specify the processing order for multiple grants in RAN2.
· Case C: the numerologies for the multiple UL grants are different. The multiple UL grants are received at different time, but the corresponding UL data are transmitted starting from the same time. In this case, there is no need to specify the processing order of UL grants. In the example, the UL grant received in 15 kHz SCS is before the reception of UL grant in 30 kHz SCS. If priority order is defined to in such a way that low latency numerology (e.g. 30 kHz SCS) should be processed first, it means that the LCP of 15 kHz SCS cannot be performed until UE received the UL grant of 30 kHz SCS. However since UE cannot predict whether there is UL grant in 30 kHz SCS or not, UE has to postpone LCP decision, which greatly reduces UL processing time. 
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Figure 1: Timing relationship
From above discussion, it can be seen that from timing relationship perspective, it is sufficient to follow the timing relationship defined in RAN1, and it is not needed to further define the processing order of multiple UL grants in LCP procedure.

Observation 1: from timing relationship perspective, when UE receives multiple UL grants, it is sufficient to follow the timing relationship defined in RAN1.
Scheduling aspect
Another motivation to define processing order of multiple UL grants is to give gNB scheduler more information to decide UL grants since UE behavior can be known. However it is not clear whether defining such order is beneficial for gNB scheduler:
· gNB cannot know the exact status of UE buffer status due to various reasons e.g. the coarse granularity of BSR, the loss of BSR and/or data transmission in the uplink, the rule in LCP are anyway guidelines. 
· This requires gNB to track exactly for the LCP status variable update, which might not be desirable from gNB complexity perspective.
· One of the scenario under discussion is cross numerology retransmission. However, RAN1 has not agreed to support cross numerology retransmission yet.

Given above discussion, it is seen that there is no clear benefit to support defining LCP processing order from scheduling perspective.

Observation 2: from scheduling perspective, there is no clear benefit to define processing order of multiple UL grants.
From above discussion, it is proposed that how to process multiple UL grants is up to UE implementation.
Proposal 1: It is up to UE implementation how the UL grants are processed if multiple UL grants are received.
3      Conclusion

In this contribution, we discuss processing order of UL grants when UE receives multiple UL grants. We have the following observations:

Observation 1: from timing relationship perspective, when UE receives multiple UL grants, it is sufficient to follow the timing relationship defined in RAN1.
Observation 2: from scheduling perspective, there is no clear benefit to define processing order of multiple UL grants.
We propose the following: 
Proposal 1: It is up to UE implementation how the UL grants are processed if multiple UL grants are received.
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