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1. Introduction
This contribution discusses handling of multiple grants with multiple numerologies/TTIs.
In the last RAN2 meeting, we had the following agreements regarding LCP:

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
2. Discussion
2.1. Joint processing restriction

In legacy LTE, if multiple MAC PDUs is requested to be generated in one MAC entity and in one TTI due to multiple uplink grants received simultaneously, whether the LCP is applied to each grant independently or to the sum of the capacities of the grants is left to UE implementation=. In LTE without sTTI enhancement, only one type of TTI length for data transmission channel is used and all the logical channels are allowed to use the uplink resource on different carriers. The priority and PBR of each logical channel are configured per UE and thus whether LCP is applied to each grant independently or to the sum of the grants makes no significant difference.  Furthermore, as illustrated in our companion paper regarding the power management enhancement in NR, in LTE, the power backoff coefficients for PUSCHs on different carriers are the same. Therefore, leaving the handling of uplink grant to the UE implementation makes sense as there is no obvious difference among uplink grants from different carriers.

Observation 1: In LTE CA, due to only one type of TTI length, it is left to UE implementation whether to process the grant independently or to the sum of the capacities of the grants when the MAC entity is requested to transmit multiple MAC PDUs in one TTI.

In LTE eLAA, the network/UE should perform LBT prior to DL/UL transmission over an unlicensed SCell, which might deteriorate the efficiency and especially the quality of delay-sensitive applications. Therefore, RRC configures whether the data of a logical channel is allowed to be transmitted via the UL of LAA SCells. Delay-sensitive applications, e.g. VoIP, will not be allowed to be sent via the UL of LAA SCells. When the UE processes the uplink grants, it should adhering to transmission restriction of a logical channel via LAA SCells. Consequently, Grants from licensed and unlicensed cells shall be processed independently, based on the logical channels mapped to the each grant. Joint processing of UL grants can only happens when the UL grants serve the same logical channels.
Observation 2: In eLAA, joint processing of UL grants in one TTI shall be allowed only when the UL grants serve the same logical channels.
NR supports aggregation of carriers with different numerologies/TTI lengths. RAN2 agreed that RRC configures the mapping between the logical channels and the numerologies/TTI lengths. A single logical channel can be mapped to one or more numerologies/TTI lengths and a numerology/TTI length can be associated with multiple logical channels. The UE shall take the numerology/TTI length into account for restriction for LCP, e.g. only the logical channels mapped to this numerology/TTI length can be allocated with the resource of this numerology/TTI length. RAN2 also agreed that the priority of each logical channel is configured per MAC entity, not per numerology/TTI length. Therefore, the priority of a logical channel on different numerologies/TTI lengths should be the same. In CA case configured with multiple numerologies/TTI lengths across different carriers, when multiple grants for the same numerology/TTI length and/or mapped to the same logical channels are received, whether the UE processes the grants independently or to the sum of the capacities of the grants should be left up to the UE implementation, this is the same as in LTE, since the LCP procedure on each grant involves the allocation of resource to the same logical channels according to the priority of each logical channel. 
Proposal 1: In NR, if the UL grants are mapped to the same logical channels, whether to process the UL grants independently or to the sum of the capacities of the grants is up to UE implementation. 
However, UL grants of different numerologies/TTIs or mapped to different logical channels should be processed independently. For example, LCH1 is mapped to numerology/TTI 1 whilst LCH2 is mapped to both numerology/TTI 1 and numerology/TTI 2. If UL grant of numerology/TTI 1 and UL grant of numerology/TTI 2 are processed jointly, LCH1 will be taken into account for the LCP and data of LCH1 might be transmitted on the numerology/TTI 2, falsely. Alternatively, LCH1 cannot be served at all due to the restriction of transmission on numerology/TTI 1.
Proposal 2:  If the UL grants are mapped to different logical channels, UE needs to process each UL grant independently. 

2.2. Priority of grants
In LTE, when the MAC entity is requested to transmit multiple MAC PUDs in one TTI and if the MAC entity performs LCP for each grant independently, the order in which the grants are processed is left up to UE implementation.
According to TS 36.321, the UE should determine the processing order for multiple uplink grants transmitted in one TTI. However, in LTE, timing between uplink assignment and corresponding uplink data transmission is pre-defined and fixed. Therefore, multiple grants transmitted in one TTI indicate that the corresponding uplink assignments are also received in one TTI. If multiple grants are received in one TTI and transmitted in one TTI, UE is expected to start the processing of these UL grants simultaneously.  
In NR, the timing between uplink assignment and corresponding uplink data transmission is indicated by a filed K2 in the DCI. UL grants received in one TTI might be transmitted in different TTIs, and UL grants for transmissions in one TTI might be received in different TTIs. The timing indicated in the DCI can only guarantee the transmission point for a MAC PDU. The UE might determine when to start the processing of the grant based on the transmission point of the TB. However, we should not specify how the UE determines the time to start to process the UL grant since it is the UE that has the best knowledge on its process capability. Therefore, whether to start the processing of UL grants received in one TTI simultaneously should be left up to UE implementation in NR. Consequently, it seems that it is not reasonable to determine grant processing order according to the timing defined in RAN1.
Observation 3: Timing indicated by K2 in DCI can only guarantee the transmission time for a MAC PDU.

Observation 4:  Upon reception of an UL grant, it is up to UE implementation when to start to process the UL grant.
Observation 5: UL grants received on different TTIs might be processed simultaneously.

With different orders of grants processing, the amount of data of each logical channel put into the MAC PDUs may be different, as how much data UE sends on one carrier also depends on how much data UE has for the resources left after PBR is satisfied. In order to guarantee predictable UE behaviour and therefore the gNB could have better understanding on the status of the UE, some rules on the processing order of uplink grants is required, determined either by network configuration, or by pre-defined criterion.
Proposal 3: Some rules on  the processing order of uplink grants is proposed to be  determined either by network configuration, or by pre-defined criterion when multiple uplink grants are processed simultaneously.
3. Conclusion
In this contribution, we discuss the handling of multiple grants for the LCP, and we have the following observations:

Observation 1: In LTE CA, due to only one type of TTI length, it is left to UE implementation whether to process the grant independently or to the sum of the capacities of the grants when the MAC entity is requested to transmit multiple MAC PDUs in one TTI.

Observation 2: In eLAA, joint processing of UL grants in one TTI shall be allowed only when the UL grants serve the same logical channels.

Observation 3: Timing indicated by K2 in DCI can only guarantee the transmission time for a MAC PDU.

Observation 4:  Upon reception of an UL grant, it is up to UE implementation when to start to process the UL grant.
Observation 5: UL grants received on different TTIs might be processed simultaneously.
Based on the analysis and the above observations, we have the following proposals:
Proposal 1: In NR, if the UL grants are mapped to the same logical channels, whether to process the UL grants independently or to the sum of the capacities of the grants is up to UE implementation. 
Proposal 2:  if the UL grants are mapped to different logical channels, UE needs to process each UL grant independently. 

Proposal 3: Some rules on  the processing order of uplink grants is proposed to be  determined either by network configuration, or by pre-defined criterion when multiple uplink grants are processed simultaneously.
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