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1. Introduction

About the processing order of multiple UL grants in LCP procedure, following behaviour is described in MAC Specifications. For LTE, it is captured in [1].
=============================== Quotation Start ===============================

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. It is up to the UE implementation to decide in which MAC PDU a MAC control element is included when MAC entity is requested to transmit multiple MAC PDUs in one TTI. When the UE is requested to generate MAC PDU(s) in two MAC entities in one TTI, it is up to UE implementation in which order the grants are processed.
=============================== Next Quotation ===============================

For NR, it is captured in [2].
=============================== Quotation Start ===============================

If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, or if the MAC entity receives the multiple UL grants within one or more coinciding PDCCH occasions (i.e. on different Serving Cells), it is up to UE implementation in which order the grants are processed.
=============================== Next Quotation ===============================

In this contribution, we further elaborate the issue encountered in NR and propose possible solution.
2. Discussion

In NR, multiple OFDM numerologies are supported and the different slot lengths of the corresponding numerologies are specified. In this situation, the timing “between the time when the UL grant is received and the time when the MAC PDU should be transmitted” can be different for UL grants received on different numerologies. Therefore it is also possible that one uplink grant B is received later than another uplink grant A, but the PDU of B is transmitted before the PDU of A. 
Observation 1:
It is possible in NR that one uplink grant B is received later than another uplink grant A, but the PDU of B is transmitted before the PDU of A.

Currently, the uplink grant is received by UE and then delivered to HARQ entity. If the uplink grant is for a new transmission, HARQ entity obtains the MAC PDU from “Multiplexing and assembly” entity, wherein the LCP procedure is applied with this uplink grant to generate the MAC PDU. According to the description that “If the MAC entity is requested to simultaneously transmit multiple MAC PDUs, it is up to UE implementation in which order the grants are processed”, which is equivalent in LTE and NR, it is reasonable to say that the LCP procedure check the uplink grant to know the time for the transmission of the MAC PDU and determine the processing order of multiple UL grants. 

For LTE, if the processing order is equivalent to the transmitting order, it is straightforward for NW to know the UE buffer status changing sequence from the BSR reports included in the multiple MAC PDUs. Since UE shall transmit at most one Regular/Periodic BSR in a TTI, there should be no problem if the UE is requested to transmit multiple MAC PDUs in a TTI.
Observation 2:
For LTE, if the processing order is equivalent to the transmitting order, NW can know the UE buffer status changing sequence from the BSR reports.
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Fig. 1: an example of failing to send MAC PDU due to processing time not enough
Based on the observation 1 and 2, the issue that “Out of order reception of BSR, which may mislead the scheduling on NW side” is mentioned in [3] and two proposals are mentioned to get same behaviour as LTE in NR, that “UE should try to process the LCP for UL grants in sequence based on the timing of transmission occasion for the grants” and “The LCP procedure for UL grant should be processed only a limited time ahead of the granted UL transmission occasion. The limited time duration may refer to the UE’s processing capability”. However, it seems UE may not be able to achieve both targets, “reserving enough processing time” and “processing uplink grants based on the transmitting order” in some situations, as shown in Fig. 1.
Besides, since UE may not be able to anticipate the arrival time of the uplink grant with short transmission duration, it is quite natural that UE begin the process for uplink grant A and then arriving another grant B which has earlier transmitting occasion. It is difficult to maintain the processing order equivalent to the transmitting order in NR.
Observation 3:
It is difficult to maintain the processing order equivalent to the transmitting order in NR.
If the NW can know the processing order of multiple uplink grants, there should be no misleading due to out of order reception of BSR. This is because NW can recover the UE buffer status changing sequence from the mapping of processing order and transmitting order. The solution to provide the processing order of multiple uplink grants to NW can be intrinsic or extrinsic. The signalling of extrinsic solution is a concern and the reliability is another issue. Therefore the intrinsic solution should be preferred.
Proposal 1:
An intrinsic solution to provide the processing order of multiple uplink grants to NW is preferred.

Since the processing time of each uplink grant is always between the reception time of the uplink grant and the transmission time of the associated MAC PDU, a reference processing time can be provided to UE for each uplink grant. The reference processing time can be defined per numerology. For example, the reference processing time can be specified how long in advance before the transmission time.
With the reference processing time, NW can know the processing order by keeping a timeline of the reference processing times corresponding to multiple uplink grants. UE can know the reference processing time from each uplink grant and put the reference processing times of multiple uplink grants onto another timeline maintained by the UE. The order of both timelines at NW and UE sides should be the same. Since the order of multiple reference processing times would be fixed if these reference processing times has passed, UE can process these uplink grant in the order on the sequence. UE can also use the delay time of shortest configured transmission duration time to anticipate if the order can be changed (a new urgent uplink grant arrival) even if the reference processing time is not yet passed. If UE is sure the order will not change, UE can process the uplink grant of next coming reference processing time. An example is shown in Fig. 2.
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Fig. 2: an example of the timeline of reference processing time
According to Fig.2, the UE can start to process uplink grant 1 at the time t0, since the order for uplink grant 1 is already fixed. At time t1, UE can start to process uplink grant 3, since no more urgent uplink grant can arrive to change the order of uplink grant 3. After processing uplink grant 3, at time t2, UE can start to process uplink grant 2, since the order of uplink grant 2 is already fixed. 
If there is only one numerology, like LTE, with the reference processing time defined as advance value per numerology, then all uplink grants have the same advance value. In this situation, for dynamic scheduling and configured scheduling, if uplink grant A has transmitting time earlier than uplink grant B, uplink grant A will be processed earlier than uplink grant B. Even if the “Random Access Response Grant” is taken into consideration together, if uplink grant A, uplink grant B, and uplink grant C have the same transmitting time, since the advance value is the same for this single numerology, the reference processing time of uplink grant A, uplink grant B, and uplink grant C should be the same. Therefore, it is up to UE implementation in which order the grants are processed, which is backward compatible.
Proposal 2:
A backward compatible solution by defining the reference processing time for each uplink grant is an intrinsic method to provide the processing order of multiple uplink grants to NW.

3. Conclusion

In this contribution, we make the following observation and proposal:
Observation 1:
It is possible in NR that one uplink grant B is received later than another uplink grant A, but the PDU of B is transmitted before the PDU of A.
Observation 2:
For LTE, if the processing order is equivalent to the transmitting order, NW can know the UE buffer status changing sequence from the BSR reports.

Observation 3:
It is difficult to maintain the processing order equivalent to the transmitting order in NR.
Proposal 1:
An intrinsic solution to provide the processing order of multiple uplink grants to NW is preferred.
Proposal 2:
A backward compatible solution by defining the reference processing time for each uplink grant is an intrinsic method to provide the processing order of multiple uplink grants to NW.
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