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Introduction
There are following agreements made in the last RAN1/2 meetings:
	RAN1 agreement:
· From network side: multiplexing different numerologies within a same NR carrier is supported(FDM or TDM)
· From UE side: specification supports multiplexing numerologies in TDM and/or FDM within/across (a) subframe duration(s) 

	RAN2 agreement:
· A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.


Based on the above agreements, how to perform LCP should be considered. In this contribution, we provide our analysis from the following four aspects:
1) The scheduling granularity of UL resource allocation?
2) Whether PBR still needs to be considered in LCP?
3) How to consider the priority during the LCP?
4) What is the entire LCP procedure?
Discussion
The scheduling granularity of UL resource allocation
Based on RAN1 agreement that multiplexing different numerologies within a same NR carrier is supported, it is obvious that there may be multiple numerologies within one serving cell. In LTE, the UL resource allocation is based on serving cell. With the introduction of multiple numerologies within one serving cell, the UL resource allocation should be based on numerology. In addition, considering RAN2 agreement that one radio bearer can be configured by the network to be mapped to one or more numerology/TTI, it is possible that UE has UL grants on multiple numerologies simultaneously. 
Proposal 1: In NR, the UL grant is based on numerology and UE may have multiple UL grants on different numerologies simultaneously.
And then, we need to consider the scheduling granularity of each UL grant, it is specific for RB or RB group or for UE. The same topic was discussed in LTE and finally determined the UL grant should be for UE and how to handle the UL grant amongst different RBs should be determined by UE LCP procedure. The same principle can be reused in NR.
Proposal 2: Each UL grant is allocated to UE and how to handle the UL grant amongst the RBs which can be mapped to this numerology should be determined by UE LCP procedure.
Whether PBR still needs to be considered in LCP?
In LTE, two rounds of UL resource allocations are supported during the LCP procedure. The first round of resource allocation is to allocate resource based on PBR; and the second round is to allocate resource for all the other UL data. The main aim of the two round trip UL resource allocation is to avoid “UL starvation”.
In NR, similar as in LTE, in order to avoid the starvation of a certain radio bearer, PBR still needs to be considered in the UL resource allocation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 3: PBR still needs to be considered in the NR LCP procedure.
How to consider the priority during LCP?
There is only one priority parameter (marked as priority-A in the following discussion) in LTE. Considering there is only one numerology in LTE, hence from the essence, priority-A used in LTE can be regarded as the priority amongst different RBs which can be mapped to one numerology, which is a relative priority.
With the introduction of multiple numerologies, two new issues need to be considered regarding to the priority:
a) Whether the priority-A of a RB on different numerologies is same or different?
b) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]What is the processing order/priority in case of multiple UL grant received simultaneously?
· For issue a):
Considering different RBs may share one numerology, hence if one RB can be mapped to more than one numerology, the priority-A of this RB on different numerology may be different (as shown in Figure-1(A)). 
In addition, different TTI may be used on one numerology to meet the latency requirement of different service. Hence, it is obvious that the priority-A of one RB may be different within one numerology (as shown in Figure-1(B)).


Figure-1 Priority-A configuration analysis between different numerology and TTI 
Combing the above two figures, it is suggested that the priority-A of a RB may be different on different numerology/TTI. In order to reflect the priority-A, two possible options can be considered:
· Option 1: Define a global absolute priority for all the RBs of a UE
In this case, the UE determines the relative priority-A on each numerology/TTI based on which RBs can be mapped on this numerology/TTI and the global absolute priority.
· Option 2: Direct define the priority-A for each RB on each numerology/TTI 
In this case, the UE can directly determine the relative priority-A of each RB.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: For one RB, the RB/LCH priority (amongst all the RBs mapped to the same numerology/TTI) can be different on different numerology/TTI.
· For issue b):
For one RB which can be mapped to more than one numerology, if there are UL grants on all these numerologies, does it need to specify the UL grant processing priority for this RB (marked with priority-B in the following section) or only Priority-A is enough? 
From the perspective of requirement, it is necessary to define the different UL grant processing priority since the UL grant on one numerology may be more suitable for this RB than another numerology. Even if when the network performs the scheduling, it can ensure the scheduled data to be transmitted on the best suitable numerology, but if this priority is not indicated to UE, the UE performance may be not in accordance with the network decision. It is shown in the following Figure-2.


Figure-2 Necessity of introducing priority-B
Based on the above analysis, it is suggested to introduce a new priority that is the priority for one RB amongst different numerology/TTI.
Proposal 5: For one RB mapped to multiple numerology/TTI, the numerology/TTI priority should be considered to decide the UL grant processing order in LCP procedure. 
 With the introduction of priority-B, another issue is brought up that is which one is important, priority-B or PBR? 
· If priority-B is important, it means the data of RB with the best priority-B should be conveyed as much as possible on the numerology with higher priority-B. It may lead that the PBR of some RBs cannot be satisfied since the non-PBR traffic of the RBs with higher priority-B already occupied the resource.
· If PBR is important, it means the PBR of each RBs should be first satisfied. In this case, the data of one RB may be transmitted on the numerology with lower priority-B, and the segment may be more compared with the above one.

 
Figure-3 Comparison between PBR is prioritized and priority-B is prioritized
In our understanding, PBR is more important. Hence we think PBR should be first considered compared with Priority 1.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 6: PBR still needs to be first satisfied even if the new priority is introduced.
What is the entire LCP procedure?
Based on proposals above, the possible LCP procedure can be as below:
· Step 1： Allocate resource for PBR
Determine the highest priority-B amongst all the RBs with data available. For each UL grant, select the RBs (the RBs should be able to use this numerology according to the configuration) with data available and has the highest priority-B. And allocate resource for these RBs’s PRB according to their priority-A. 
If there is resource left on any UL grant, determine the second highest priority-B and repeat the above procedure in Step 1 until there is no resource left or the PBRs of all RBs are satisfied.
· Step 2:  Allocate resource for other data 
Determine the highest priority-B amongst all the RBs with data available. For each UL grant, select the RBs (the RBs should be able to use this numerology according to the configuration) with data available and has the highest priority-B. And allocate resource for these RBs’s other data according to their priority-A until there is no resource left on any UL grant or the data of all RBs are served.
For example, assuming:
· RB1 is configured to be mapped to numerology 1 only. 
· RB2 is configured to be mapped to be mapped to numerology 1 with priority-B=1, mapped to numerology 3 with priority-B=2 and mapped to numerology 2 with priority B=3. 
· RB3 is configured to be mapped to be mapped numerology 4 with priority-B=1 and numerology 2 with priority-B=2, but there is no UL grant on numerology 4. 
· RB4 is configured to be mapped numerology 4 with priority-B=1 and numerology 3 with priority-B=2, but there is no UL grant on numerology 4.
Based on the above assumption, the LCP procedure is shown in the following figure:



       Figure-4 Illustration of the proposed NR LCP procedure
Conclusion
Based on the analysis in section 2, it is observed:
Proposal 1: In NR, the UL grant is based on numerology and UE may have multiple UL grants on different numerologies simultaneously.
Proposal 2: Each UL grant is allocated to UE and how to handle the UL grant amongst the RBs which can be mapped to this numerology should be determined by UE LCP procedure.
Proposal 3: PBR still needs to be considered in the NR LCP procedure.
Proposal 4: For one RB, the RB/LCH priority (amongst all the RBs mapped to the same numerology/TTI) can be different on different numerology/TTI.
Proposal 5: For one RB mapped to multiple numerology/TTI, the numerology/TTI priority should be considered to decide the UL grant processing order in LCP procedure. 
Proposal 6: PBR still needs to be first satisfied even if the new priority is introduced.
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