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1.	Introduction
In RAN2#98, it was suggested to define the processing order of multiple UL grants in order for the gNB to know/predict which data is included in a TB, which might be beneficial to support the change of numerology/TTI duration across retransmissions of the TB. Without any conclusion, it was left as FFS:
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 RAN2, or even in RAN1, it has not been discussed the gain/motivation and impact to support change of NTD (short for Numerology/TTI Duration) across retransmissions.
In this contribution, we look into the details of NTD change and discuss whether to define UL grant processing order.

2.	Discussion
In NR AH#1, it was agreed that LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Also, in RAN2#97bis, RAN2 agreed that For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.
As MAC performs LCP procedure to generate a TB for a new transmission, the agreements mean that the UE obeys the NTD restriction in new transmission. In other words, the UE will generate a TB for a new transmission by including data from the logical channels which are allowed to use the NTD of the UL grant.
The next question is whether the UE follows the NTD restriction also in retransmission. Considering that the NTD restriction is to provide a better QoS by considering the NTD characteristics and traffic characteristics, there wouldn’t make sense to differentiate the new transmission and retransmission. Thus, it would make sense to obey the NTD restriction also in retransmission.
Proposal 1. Retransmission also takes into account the NTD restriction of a logical channel.

With Proposal 1, we need to look into the details how the NTD restriction is respected in retransmission. As there could be multiple NTDs allowed for a logical channel and each logical channel may have different NTD restriction, there could be two approaches as follows:
Approach 1. An UL grant is associated with one specific NTD. For new transmission, the UE generates a TB by including data from the logical channels that are allowed to use the NTD of the UL grant. 
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Figure 1. An example of Option 1
For retransmission of the TB, if the gNB wants to change NTD, the gNB should choose a NTD which is commonly allowed for all logical channels included in the TB. For example in Figure 1, only NTD 1 can be used for retransmission, i.e., the gNB cannot change the NTD for retransmission.
In Approach 1, there may not be much chance to change the NTD for retransmission unless all logical channels have the same NTD restriction. 
Observation 1. Assuming that UL grant is associated with one NTD, if the UE generates a TB by including data from the logical channels that are allowed to use the NTD of UL grant, there may not be much chance to change the NTD for retransmission.

Approach 2. An UL grant is associated with multiple NTDs. For new transmission, the UE generates a TB by including the logical channels that are allowed to use all NTDs of the UL grant. 

[image: ]
Figure 2. An example of Option 2.
For retransmission of the TB, if the gNB wants to change NTD, the gNB can choose one NTD among the NTDs of the UL grant for new transmission. For example in Figure 2, NTD 1 and 2 are associated with UL grant for new transmission. Then, the UE generates a TB including data from logical channels 1 and 3 but not logical channel 2. For retransmission, the gNB can give UL grant with either NTD 1 or 2 as they are commonly allowed for logical channels 1 and 3.
Approach 2 may provide more opportunities of changing NTD in retransmission compared to Approach 1. However, it would have an impact on the UL grant design in order to assign multiple NTDs in UL grant for new transmission. In addition, it may be complex for the gNB to pre-decide which NTDs are to be assigned when giving an UL grant for new transmission by considering a possibility to change NTD for retransmission in the future, which might not happen at all.
Observation 2. Support of NTD change by assigning multiple NTDs in UL grant for new transmission would have an impact on UL grant design as well as make the gNB scheduling more complex.

In the meanwhile, the gain or motivation of supporting NTD change in retransmissions has not been clearly explained so far. One may say it is for scheduling flexibility, however, it is not convincing why such flexibility is required within one HARQ procedure. From the scheduling flexibility point of view, it would be enough to allow NTD change across new transmissions. Considering the motivation, cost, and use cases, we would propose that:
Proposal 2. Numerology/TTI duration should not be changed for retransmission of a TB, i.e., the same numerology/TTI duration is used for a new transmission and retransmission within one HARQ procedure.
If we agree on Proposal 2, it would be good to send an LS to RAN1 to avoid unnecessary discussion in RAN1. 
Proposal 3. Send an LS informing RAN1 of that the same numerology/TTI duration is used for a new transmission and retransmission within one HARQ procedure.

Now, we further discuss the processing order of multiple UL grants, where each UL grant would be associated with different NTD.
From QoS point of view, as the gNB will configure the NTD restriction of a logical channel by carefully considering the QoS aspect, there won’t be big difference between NTDs as long as they are allowed NTDs for a logical channel. In other words, we see no reason to prioritize one NTD over another NTD within the NTD restriction. Therefore, it should be fine to leave the processing order up to UE implementation.
From scheduling flexibility perspective, if not support NTD change in retransmission (Proposal 2), there is no need for the gNB to predict which logical channels are to be included in the TB because the same NTD as for new transmission is to be used for retransmission. Therefore, there is no problem in leaving the processing order up to UE implementation.
Even in case of supporting NTD change in retransmission, the gNB anyway knows which logical channels are included in a TB after receiving the TB and can figure out which NTD can be used for retransmission. Thus, we see no need to define the processing order.
Proposal 4. It is up to UE implementation in which order the UE processes the UL grants.

3.	Conclusion
In this contribution, we discuss the NTD restriction in retransmission and the processing order of UL grants. Our proposals are:
Proposal 1. Retransmission also takes into account the NTD restriction of a logical channel.
Observation 1. Assuming that UL grant is associated with one NTD, if the UE generates a TB by including data from the logical channels that are allowed to use the NTD of UL grant, there may not be much chance to change the NTD for retransmission.
Observation 2. Support of NTD change by assigning multiple NTDs in UL grant for new transmission would have an impact on UL grant design as well as make the gNB scheduling more complex.
Proposal 2. Numerology/TTI duration should not be changed for retransmission of a TB, i.e., the same numerology/TTI duration is used for a new transmission and retransmission within one HARQ procedure.
Proposal 3. Send an LS informing RAN1 of that the same numerology/TTI duration is used for a new transmission and retransmission within one HARQ procedure.
Proposal 4. It is up to UE implementation in which order the UE processes the UL grants.
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