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1. Introduction
In RAN2#98 meeting, the following agreement was reached for LCP [1]:

Agreements

1.
For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). An abstraction based on index or profiles can be supported.   Exact parameters are FFS.  
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 analyze the remaining issues on the logical channel priority to support the introduction of multiple numerologies. Particularly, we would like to discuss priority between data from different logical channels and priority between data and MAC CE.

2. Discussion

2.1. Priority between logical channels
RAN2 has agreed that both the logical channel priority and the PBR are configured per MAC entity as in LTE. In LTE, if multiple grants are received, how to apply the LCP procedure and how to respect the PBR and priority is left to UE implementation, given that the sum of PBRs allocated on these UL grants equals to the total configured PBR for the corresponding LCH. However, in NR, a single logical channel can be associated with multiple numerologies/TTIs, it is likely that the eMBB service may exhaust UL resource for URLLC. For example, as illustrated in Figure 1, if one LCH which serves eMBB service can be mapped to two numerologies/TTIs. One can satisfy the latency requirements of URLLC service and the other one can only satisfy eMBB. When two UL grants configured with these two numerologies/TTIs respectively are received simultaneously, based on current agreement, PBR is configured per MAC entity, then how to allocate the PRB between the two grants is left to UE implementation. If the UL grants which can satisfy URLLC is processed firstly, UE needs to perform the LCP and might decide to meet the PBR requirement of the LCH that serves eMBB before serving the remaining data of the LCH of URLLC, then there is a probability that not sufficient resource is left for the URLLC remaining data. Note that we suppose the URLLC data cannot be served by the eMBB UL grant due to tight latency requirement.
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Figure 1 eMBB exhaust URLLC resource

Observation 1: It is probably that eMBB service may exhaust UL resource for URLLC, without further enhancement.

There are several options can be used to solve the above issues described as blow:  

Option 1: based on RRC configuration, LCH serving eMBB is not mapped to the numerologies/TTIs satisfying URLLC;
Option 2: PBR is configured per numerology/TTI;
Option 3: some LCHs are allowed to only be considered in step 3 of LCP on specific numerologies/TTIs;
Option 4: some LCHs are not considered in LCP on specific numerologies/TTIs until the data for other LCHs is exhausted.
Option 1 is simple but generally results in a decrease in spectrum efficiency, since eMBB is not allowed to use URLLC resource even there are spare resources after all the URLLC data has been served. eMBB might be left, as illustrated in Figure 2.
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Figure 2 eMBB is left over

Observation 2: It is not reasonable to restrict that LCH serving eMBB is not mapped to the numerology/TTI satisfying URLLC.
In Option 2, the gNB directly controls the PBR among different UL grants. The gNB could set the PBR of LCHs serving eMBB on the ULLRC resource to a small fraction of the overall PBR allocated to the LCHs, that is, PBR of a LCH is configured per numerolgy/TTI. However, data rate of LCHs of eMBB with lower priority among all LCHs serving eMBB service cannot be respected if only URLLC UL grant is received. In Figure 3, two LCHs serving eMBB has opportunities to be served on the URLLC resource. However, only a small part or even none of eMBB2 PBR is satisfied and the remaining resource is exhausted by the eMBB1 since the second round of LCP requests that the lower priority LCHs can only be served after the data of higher priority LCH is exhausted. Moreover, the gNB needs to decide how much of PBR should be allocated on each numerology/TTI which increase the complexity of network implementation. 
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Figure 3 data rate requirement of eMBB 2 is not respected

Observation 3: Per numerology/TTI PBR might lose respect for lower priority eMBB LCHs.

With Option 3, in which the eMBB LCHs are only allowed to be allocated any radio resource on specific numerology/TTI after both the PBR and the remaining data for URLLC LCHs are satisfied, the eMBB LCHs have no means to use the URLLC resource before all the URLLC data has been served. However, same as Option 2, the PBR among eMBB LCHs cannot be distinguished. The remaining UL resource cannot be shared fairly among these LCHs, leading to low priority eMBB starvation problem.
Observation 4: If some LCHs can only be served in Step 3 of LCP, the PBRs for lower priority LCHs among these LCHs might not be satisfied, same as Option 2.

For Option 4, the data of the LCHs serving eMBB can only be served on URLLC resource if the data of LCHs serving URLLC have been exhausted. Option 4 implies that different LCHs are treated in different steps of the LCP procedure. The benefit of Option 4 is to avoid eMBB data occupies the short TTI resource before all the URLLC data has been served, whilst guarantee the PBRs of all LCHs. Compared with Option 1, Option 4 is more complex but increases more efficiency on spectrum utilization. Compared with Option 2 and Option 3, Option 4 has ability to still respect the priority and PBR of all LCHs serving eMBB. The Detailed analysis is illustrated in Figure 4.
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(a) eMBB is not left over
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(b) data rate requirement of eMBB 1 and eMBB 2 are respectedc
Figure 4 eMBB LCHs are precluded before the data of URLLC is exhausted
Despite possible benefits on QoS profile respect among low priority applications, one may concern that the increased number of steps in LCP introduced by Option 4 comparing with Option 3 increases the processing complexity and delay. However, the processing procedure and steps of Option 4 can be same with that of Option 3 if the size of the remaining resource after all URLLC data is served is only sufficient to satisfy the highest priority eMBB LCHs’ PBR. Option 4 only brings about more processing procedures and steps when the remaining resource is sufficient to serve the data available for transmission for multiple eMBB LCHs. 
Observation 5: Option 3 and Option 4 achieve the same processing procedure when the size of the remaining resource is small.
Consequently, we propose to have Option 4 to be extra restriction rule to limit the behaviour of certain LCHs on specific numerologies/TTIs:
Proposal 1: LCP rule should allow some logical channels to be precluded and to be served only after the data of the other logical channels is exhausted.
2.2. Priority between data and MAC CE

There is a default priority order between data from logical channel and MAC control element in MAC specification of LTE. To support new characteristics in NR, new MAC CE may be needed in some cases, e.g. MAC CE for beam management. Considering the delay-sensitive services (e.g. URLLC), the legacy priority order in LCP procedure is not suitable for NR. 
In NR, for the logical channel prioritization procedure, a default priority order is still needed. The default priority order can be used in the multiplexing and assembly operation for MAC PDUs.

Proposal 2：Reuse the LTE approach to define a priority order in MAC specification between different types of MAC CEs and the data from logical channels.
Considering the new characteristics, such as numerology, beam, etc., to be introduced in NR, some new MAC CE should be needed. Potential new MAC CE may include:


MAC control element for beam management, e.g. beam failure recovery, beam status report and et.ac.


Other MAC CEs are not precluded. 

Due to these potential MAC CEs and new features, the legacy priority order in LCP as in LTE may not be directly applicable to NR. For instance, what proper priority is for the MAC CEs related to beam management, whether the same MAC CE with potentially different usage (e.g. BSR carrying BS for URLLC vs. eMBB) should be distinguished with different priorities or not, etc.

To this end, RAN2 is suggested to discuss how to differentiate the priorities for different MAC CEs, by taking into account the potential new MAC CEs to be introduced in NR.
Proposal 3: RAN2 is suggested to discuss how to define the priority order for different MAC CEs, by taking into account the potential new MAC CEs or new features introduced in NR.
2.3. LCP procedure

From the analysis above, we propose the LCP procedure as follows:

1． Select the associated logical channels for the numerology/TTI of this UL grant.

2． Apply LCP on some logical channels selected in step 1.

3． Apply LCP on remaining logical channels if there is room left in the grant after step 2.
Proposal 4：The LCP in NR should be carried out according to the above procedure.
3. Conclusion
In this contribution, we discuss the information should be provided to the MAC for LCP and the UL resource exhaustion issue, and we have the following observations:

Observation 1: It is probably that eMBB service may exhaust UL resource for URLLC, without further enhancement.

Observation 2: It is not reasonable to restrict that LCH serving eMBB is not mapped to the numerology/TTI satisfying URLLC.

Observation 3: Per numerology/TTI PBR might lose respect for lower priority eMBB LCHs.

Observation 4: If some LCHs can only be served in Step 3 of LCP, the PBRs for lower priority LCHs among these LCHs might not be satisfied, same as Option 2.

Observation 5: Option 3 and Option 4 achieve the same processing procedure when the size of the remaining resource is small.
Based on the analysis and the above observations, we have the following proposals:
Proposal 1: LCP rule should allow some logical channels to be precluded and to be served only after the data of the other logical channels is exhausted.
Proposal 2：Reuse the LTE approach to define a priority order in MAC specification between different types of MAC CEs and the data from logical channels.
Proposal 3: RAN2 is suggested to discuss how to define the priority order for different MAC CEs, by taking into account the potential new MAC CEs or new features introduced in NR.
Proposal 4：The LCP in NR should be carried out according to the above procedure.
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