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1   Introduction

LCP procedure for NR was discussed during online discussion of RAN2#NR AdHoc meeting and following agreements were respectively made [1]:
Agreements:

1.
At least numerology and TTI length are included/taken into account for restriction for LCP.  

FFS if any other parameters need to be considered for LCP

FFS how LCP is modelled

FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC

During the online discussion, several issues were raised in relation to UE procedure when it receives multiple grants concurrently. However, the issue was left as an FFS point. In this paper, we discuss a similar issue which is related to MAC CE processing and prioritization order on occasions when UE receives multiple UL/DL grants.
2   Discussion
In NR, it is possible that UE may receive multiple UL/DL grants concurrently when operating in multiple PHY numerologies. Several issues were raised in RAN2#NR AdHoc related to LCP procedure when UE receives multiple uplink grants. The main point of concern was to ensure that UE performs LCP procedure in such an order to guarantee that high priority UP data is always included in optimal numerology. In this paper, we discuss some related aspects of MAC CE processing order during multiple DL assignments reception and prioritization order for the case of multiple UL grant reception.
2.1   Multiple DL Grant Reception

In NR, the TTI duration can vary significantly over different numerologies where UE may receive DL data. Hence, it is possible that UE receives MAC CEs in different order as transmitted by the network (when sent over multiple numerologies).   Figure 1 depicts one such scenario, where UE receives MAC CE-2 earlier than MAC CE-1, even when network initiated transmission of MAC CE-1 before MAC CE-2. The situation may intensify if we also take into account the HARQ retransmissions required for the respective TBs. 
On most occasions, there won’t be any issue even if UE receives multiple MAC CEs in different order, however it may be argued that if MAC CE-1 and MAC CE-2 have conflicting UE behavior then it might result in unknown UE anomalies. For example, MAC CE-1 could be a deactivation command of a secondary carrier and MAC CE-2 can be an activation command of the same carrier. However, we believe that this could be regarded as a network error, i.e. this kind of network behavior should not be expected where network sends conflicting MAC CEs in close proximity of each other. Hence, from our perspective no optimization is required in UE procedures to address this issue.
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Figure 1 MAC CE Processing on Multiple DL Data Reception
Proposal 1: No enhancements are required to address the scenario where UE receives conflicting MAC CEs from multiple downlink assignments overlapped in time domain

2.2   Multiple UL Grant Reception

Given that UE may receive multiple UL grants concurrently over different numerologies, it is expected that MAC CEs should be transmitted using the numerology which has the shortest TTI value. However, if UL grant on a specific numerology is provided mainly to include high priority data (e.g. URLLC), it needs to be discussed whether MAC CE should be included in that numerology or not. Inclusion of MAC CE within the UL grant intended for high priority data could imply shortage of space in UL grant and UE not being able to include all the remaining high priority data within the UL grant. This may result in extra delay for URLLC data packets. 
Several possible solutions can be used to address this issue, some of the examples can be:

1) Defining LCP processing order (especially for MAC CEs) when UE receives multiple UL grants

2) Varying MAC CE prioritization order for selected numerologies (e.g. URLLC data prioritized over MAC CE).  

3) The issue can be left to UE implementation 

Before discussing the relevant solutions, it is important to identify the scenarios where such issue may persist. Given that most of the UEs may only support one service/numerology at a time, it can be argued that such scenario is quite rare in nature and hence this issue can be left to UE implementation. So, the primary point of discussion is whether this issue is severe enough to be addressed in RAN2 or not.
Proposal 2: RAN2 is requested to evaluate the impact of LTE based MAC CE processing and prioritization when UE receives multiple UL grants concurrently
3   Conclusion
This paper discusses the impacts on MAC CE processing and prioritization due to reception of multiple UL/DL grants concurrently. Following proposals are made in this paper:
Proposal 1:
No enhancements are required to address the scenario where UE receives conflicting MAC CEs from multiple downlink assignments overlapped in time domain
Proposal 2:
RAN2 is requested to evaluate the impact of LTE based MAC CE processing and prioritization when UE receives multiple UL grants concurrently
4   Reference

[1] R2-170xxxx, “Chairman notes, 3GPP TSG-RAN WG2 #NR AdHoc”, RAN2 Chairman (Intel)
