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Introduction
During the SI period, the following agreement regarding to LCP is reached:
LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase
In this contribution, we discuss the details of the LCP procedure, which include:
1) What is the scheduling granularity of UL resource allocation: per RB, per LCG or per UE?
2) Which parameters need to be configured for LCP?
3) How to perform the LCP in UE?
Discussion
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 duration, it is possible that UE has UL grants on multiple numerologies simultaneously. 
Observation 1: In NR, the UL grant is based on numerology/TTI duration and UE may have multiple UL grants on different numerologies/TTI duration simultaneously.
And then, we need to consider the scheduling granularity of each UL grant, it is specific for RB or RB group (e.g., LCG) 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 1: Each UL grant is allocated to UE and how to handle the UL grant amongst the RBs which can be mapped to this numerology/TTI duration should be determined by UE LCP procedure.
Parameter configuration for LCP
According to legacy LTE, there are three parameters configured for LCP:
· PrioritisedBitRate (PBR): refers to the prioritized bit rate of each logical channel;
· bucketSizeDuration (BSD): refers to the bucket size duration for each logical channel;
· Priority: refers to the priority of each logical channel;
In NR, whether the above parameters can be reused? The analyses are as below:
1)  PBR/BSD
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]In LTE, the token bucket mechanism is introduced to ensure the missed PBR transmission chance can be accumulated until the token bucket is full. It is a very mature mechanism and can be reused in NR.
 Proposal 2: PBR/BSD still needs to be configured for each logical channel in NR.
2) Priority
For priority, two issues needs to be considered:
· Issue 1: whether the RB priority is still needed? If it is needed, whether it is UE-specific or numerology-TTI specific?
· Issue 2: if one RB can be mapped to more than one numerology/TTI duration and there are both UL grants on these numerologies/TTIs, whether additional priority should be configured to determine these UL grants processing order?
Issue 1:
Priority is used for determining the RB scheduling order in order to meet the QoS requirement of each RB. It is obvious it is still needed in NR LCP procedure.
In legacy LTE system, the RB priority is defined based on the following Table-1 [1]: 
Table-1 Standardized QCI characteristics
	QCI
	Resource Type
	Priority
	Packet Delay Budget 
	Packet Error Loss
Rate 
	Example Services

	1
(NOTE 3)
	
	2
	100 ms
	10-2
	Conversational Voice

	2
(NOTE 3)
	
GBR
	4
	150 ms
	10-3
	Conversational Video (Live Streaming)

	3
(NOTE 3)
	
	3
	50 ms
	10-3
	Real Time Gaming

	4
(NOTE 3)
	
	5
	300 ms
	10-6
	Non-Conversational Video (Buffered Streaming)

	5
(NOTE 3)
	
	1
	100 ms
	10-6
	IMS Signalling

	6
(NOTE 4)
	
	
6
	
300 ms
	
10-6
	Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file sharing, progressive video, etc.)

	7
(NOTE 3)
	Non-GBR
	
7
	
100 ms
	
10-3
	Voice,
Video (Live Streaming)
Interactive Gaming

	8
(NOTE 5)
	
	
8
	

300 ms
	

10-6
	
Video (Buffered Streaming)
TCP-based (e.g., www, e-mail, chat, ftp, p2p file 

	9
(NOTE 6)
	
	9
	
	
	sharing, progressive video, etc.)



According to the above table, it is obvious that in legacy LTE, the priority is not only according to the latency requirement. Some delay-sensitive traffic (e.g., interactive gaming) may have less priority than the non-delay-sensitive traffic (e.g., buffered streaming).
Observation 2: In legacy LTE, the priority of one DRB is not only relevant to latency.
If the network really wants to ensure the latency of certain service, it can map it to the numerology/TTI with shorter latency when performing the mapping between RB and numerology/TTI.
Observation 3: The latency of service can be ensured through configuring the mapping between RB and numerology/TTI.
Based on observation 2 and observation 3, it is no strong motivation to introduce numerology/TTI-specific priority. UE-specific priority is enough.
Proposal 3: RB priority still needs to be configured for each logical channel in NR and it should be UE-specific.
Issue 2:
If network configures one RB can be mapped to multiple numerologies/TTI durations, it means that no matter UL grant on which numerology is used, its QoS can be met. There is no strong motivation to define which UL grant processing priority. It can depend on UE implementation to determine which UL grant processing order for this RB.
Proposal 4: If one RB can be mapped to more than one numerology/TTI duration and there are both UL grants on these numerologies/TTIs, it depends on UE implementation to determine these UL grants processing order for this RB.
LCP procedure in UE side
Regarding to the LCP procedure in UE side, two issues needs to be considered:
· Issue 1: Which numerology/TTI can be used for each UL MAC CE?
· Issue 2: Whether UE is able to handle multiple UL grants simultaneously? If it can, how to perform LCP?
Issue 1:
In legacy LTE, there are six types of MAC CEs which uses UL-SCH:
· BSR MAC CE
· C-RNTI MAC CE
· PHR MAC CE
· Dual  connectivity PHR MAC CE
· Data Volume and PHR MAC CE(DPR)
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]SPS confirmation MAC CE
For BSR MAC CE, the aim is to let the network acquire the UE’s buffer state. Once the BSR is triggered, it can be transmitted through the nearest UL grant with the smallest latency.
Proposal 5:  For BSR MAC CE, the nearest UL grant with the shortest latency can be used.
For C-RNTI MAC CE and DPR, they are carried in Msg3 of the RA procedure. It should be transmitted on the UL grant based on the scheduling information contained in Msg2.
Proposal 6: For C-RNTI MAC CE and DPR, they should be transmitted according to the UL grant allocated in Msg2.
For PHR MAC CE and dual connectivity PHR MAC CE, which UL grant can be used should be discussed after there is conclusion in RAN1 on how to calculate the PH in case of flexible TTI length.
Proposal 7:  The discussion on the UL grant used for PHR MAC CE and dual connectivity PHR MAC CE can be postponed until there is some conclusion in RAN1.
For SPS confirmation MAC CE, it usage is to confirm the SPS activation/deactivation once skipUplinkTxSPS is configured for the MAC entity. Considering there is no parallel SPS in legacy LTE, hence this MAC CE can be transmitted on any UL grant of any carrier. But it is uncertain whether parallel SPS can be supported in NR. If there is no parallel SPS, the SPS confirmation MAC CE can be transmitted on any UL grant, otherwise, it should only be transmitted on the related numerology or can be transmitted on any numerology with the SPS configuration indication.
Proposal 8: The UL grant used for SPS confirmation MAC CE should be discussed after the NR SPS mechanism is clear.
Issue 2:
Whether UE is able to handle multiple UL grants on multiple numerologies depends on UE capability.
Proposal 9: New UE capability information should be introduced to indicate whether the UE is able to handle multiple UL grants on different numerologies.

If UE can only handle one UL grant, the smart gNB implementation will not allocate multiple UL grants simultaneously or with overlap for this UE. Hence the LCP procedure for this kind of UE is same as LTE except that the mapping between RB and numerology/TTI duration should be considered.. 
Proposal 10: If UE capability can only handle one UL grant, legacy LCP procedure can be used for the RBs which can use this grant.
If UE can handle multiple UL grants simultaneously received or with overlap, which UL grants is processed first can be depend on the UE implementation. The LCP procedure on each UL grant is same as the LTE LCP procedure except that the mapping between RB and numerology/TTI duration should be considered. 
Proposal 11: If UE capability can handle multiple UL grants simultaneously received or with overlap, which UL grant is processed first depends on UE implementation.
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: Each UL grant is allocated to UE and how to handle the UL grant amongst the RBs which can be mapped to this numerology/TTI duration should be determined by UE LCP procedure.
Proposal 2: PBR/BSD still needs to be configured for each logical channel in NR.
Proposal 3: RB priority still needs to be configured for each logical channel in NR and it should be UE-specific.
Proposal 4: If one RB can be mapped to more than one numerology/TTI duration and there are both UL grants on these numerologies/TTIs, it depends on UE implementation to determine these UL grants processing order for this RB.
Proposal 5:  For BSR MAC CE, the nearest UL grant with the shortest latency can be used.
Proposal 6: For C-RNTI MAC CE and DPR, they should be transmitted according to the UL grant allocated in Msg2.
Proposal 7:  The discussion on the UL grant used for PHR MAC CE and dual connectivity PHR MAC CE can be postponed until there is some conclusion in RAN1.
Proposal 8: The UL grant used for SPS confirmation MAC CE should be discussed after the NR SPS mechanism is clear.
Proposal 9: New UE capability information should be introduced to indicate whether the UE is able to handle multiple UL grants on different numerologies.
Proposal 10: If UE capability can only handle one UL grant, legacy LCP procedure can be used for the RBs which can use this grant.
Proposal 11: If UE capability can handle multiple UL grants simultaneously received or with overlap, which UL grant is processed first depends on UE implementation.
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