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1. Introduction
This contribution discusses how to handle multiple UL grants considering multiple numerologies.
In RAN2#98 meeting, the following agreements regarding the LCP procedure is reached [1]:

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 propose discuss how the UL grants are processed if multiple UL grants are received.
2. Discussion
In legacy LTE, if multiple MAC PDUs is requested to be transmitted in one TTI due to multiple uplink grants received simultaneously in carrier aggregation, the LCP can be applied to each grant independently or to the sum of the capacities of the grants. Furthermore, the order in which the grants are processed is left up to UE implementation. In LTE without sTTI enhancement, only one type of TTI length for data transmission channel is used. Furthermore, the power backoff coefficients for the PUSCH channels on different carriers are the same in LTE. Therefore, leaving the handling of uplink grant to the UE implementation makes sense as no obvious differences between uplink grants from different carriers.

Observation 1: In CA, due to only one type of TTI length, it is left to UE implementation on the handling of UL grants if multiple UL grants are received simultaneously.

NR will support aggregation of carriers with different PHY parameters (more than just TTI length). As proposed in our paper on LCP procedure enhancement [2], grant information is used as the abstraction to represents a group of PHY parameters (e.g. TTI length, numerology, etc.) of the UL grant. In CA case configured with multiple sets of parameters/configurations across different carriers, when a specific logical channel is configured by the network to be mapped to multiple grant information, the UE may need to construct multiple MAC PDUs involving the same logical channel for TBs from multiple carriers configured with distinct set of parameters/configurations simultaneously. If the UE performs LCP sequentially on these UL grants from different carriers/with different grant information, the amount of data of each logical channel putting into the MAC PDUs may be different, as how much data UE sends on one carrier also depends on how much data UE has left after PBR is satisfied. Therefore, different handling order of these UL grants generates different MAC PDUs, thus furthermore impacts the performance. In addition, due to pre-processing characteristic of MAC PDU generation used in NR, the MAC could deliver the MAC PDU to the PHY once the MAC PDU is generated. Considering the latency budget for MAC PDU generation on some carriers might be much less than that on other carriers with different grant information, the UE should process the UL grant with stringent latency requirement first to satisfy the delay requirement. 

Observation 2: In NR, one LCH can be associated with multiple grant information, the handling of UL grants with different grant information has impact on latency and performance.
As a result, it is reasonable to only allow joint processing of UL grants when the UL grants have the same grant information, where the LCP can be applied to the sum of the capacities of the grants of the same grant information or to each grant in sequence according to UE implementation.

Proposal 1：Joint processing of UL grants is allowed only when the UL grants are mapped to the same grant information.

Since in NR, the handling of UL grants has impact on latency and performance, upon reception of multiple UL grants from different carrier/with different grant information simultaneously, the processing order of these UL grants should be controlled by the network, e.g. a grant information prioritization may be determined either by network configuration, or by pre-defined criterion. The UE should process the UL grants in order of priority.

Proposal 2: When multiple grants from different carrier/with different grant information are received simultaneously, the processing order of UL grants may be determined either by network configuration, or by pre-defined criterion. 
3. Conclusion
In this contribution, we discuss the UL grant processing order for the LCP, and we have the following observations:

Observation 1: In CA, due to only one type of TTI length, it is left to UE implementation on the handling of UL grants if multiple UL grants are received simultaneously.

Observation 2: In NR, one LCH can be associated with multiple grant information, the handling of UL grants with different grant information has impact on latency and performance.
Based on the analysis and the above observations, we have the following proposals:
Proposal 1：Joint processing of UL grants is allowed only when the UL grants are mapped to the same grant information.
Proposal 2: When multiple grants from different carrier/with different grant information are received simultaneously, the processing order of UL grants may be determined either by network configuration, or by pre-defined criterion. 
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