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Introduction
RAN2 has agreed that a single NR MAC entity can support one or multiple TTI durations/numerologies. The logical channel prioritization procedure then takes into account a RRC configured mapping between a logical channel and applicable numerologies and/or TTI duration(s) [1]. In RAN2#97bis and RAN2#98, the details of the LCP procedure were discussed further and the following agreements were reached [2][3]:
RAN2#97 Agreements 
· For the purpose of LCP, the MAC entity learns the TTI duration/numerology from the PHY layer.  FFS on the details of how it is signalled
· Priority, PBR concept is used in NR as a baseline.

RAN2#98 Agreements 
· 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). A transmission based on index or profiles can be supported.   Exact parameters are FFS.
· Logical Channel Priority is configured per MAC entity per logical channel 
· PBR is not configured per numerology, it is per “logical channel” as in LTE 
· Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  

This contribution further discusses the LCP procedure in NR for logical channels mapping to multiple numerologies and/or TTI duration(s). A text proposal to TS 38.321 [4] is included in the Appendix.
Contending for Resources in LCP Steps 1,2,3 vs. Step 3 Only
Mapping a single logical channel to multiple numerologies/TTI durations provides the scheduler with more flexibility to achieve higher spectral efficiency at high loads (e.g. using unused TTIs of short durations for eMBB when possible). A scheduler implementation may benefit from scheduling eMBB traffic using shorter TTIs once higher priority data is exhausted. For example, this may be used to shorten the slow start phase for small TCP transfers, or simply to maximize resource allocation in a cell that supports multiple numerologies and/or TTI durations.
RAN2 has agreed to support UE-specific LCH priorities based on the assumption that services associated with the shortest TTI duration should always be given the highest priorities, even for LCHs configured with multiple mappings. This implicitly assumes that the gNB will use separate priority ranges per numerology/TTI duration to enforce proper mapping of data for different services that can map to multiple numerologies/TTI durations. However, the purpose of the priorities between LCHs is to characterize the relative importance of the data across different services to each other, and not to enforce different grants to be served differently according to their relative transmission properties.
Observation 1:	Configuring a LCH with multiple numerologies/TTIs does not necessarily imply its data should contend equally on resources of different numerologies/TTIs.
LCP should therefore not rely on LCH priorities to ensure that services that best map to a given numerology/TTI duration be always served first for that numerology/TTI duration. Further, setting the PBR of a LCH with higher priority to infinity is not a flexible method to enforce such mapping, given that this may lead to flow starvation for other services that can only contend in that same numerology/TTI duration.
During RAN2#97bis and RAN2#98, it was mentioned that logical channels that map to multiple numerologies/TTI durations may be scheduled in Step 1 on resources that are more optimal for higher priority logical channels with remaining data for transmission in the TTI. This happens as a result of Step 1 assigning resources to all logical channels that map to the grant’s transmission TTI/numerology in decreasing order of priority, and according to the Bj value set by the LCH's PBR. This is performed as stated in 38.321 [4]:
-	Step 1: Relevant logical channels for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to “infinity”, the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
This may be not always yield a desirable UE behaviour when a lower priority logical channels configured with multiple numerologies/TTIs maps to a resource that is more optimally used by higher priority logical channels. These LCHs will occupy some resources already in Step 1, even though data is available from other higher priority/low-latency LCHs which would have been otherwise obtained in Step 3.
Observation 2:	LCP should support that LCHs configured with multiple mappings may contend differently for resources of different numerologies/TTI durations.
One alternative would be to avoid mapping such LCHs to numerologies/TTIs used by higher priority/lower latency data. However, this would completely rule out that the possibility that the LCH uses such resources in Step 3, even if they are vacant and no other LCHs are contending on them in Step 3, thereby defeating the intent of supporting multiple mappings. 
One alternative discussed in [5] and [6] is to configure multiple PBR values for a LCH that maps to multiple numerologies/TTIs. For example, a large data rate can be configured for the PBR of a first numerology and a PBR of 0 for a secondary numerology used for higher priority LCHs. In such case, other LCHs of higher priority for a certain numerology are first served up to their PBR, and also get any remaining resources they may use before a lower priority LCH is allocated any resources on that numerology. However, the UE has to maintain a Bj parameter for each numerology/TTI, and it was agreed to use a single PBR value per LCH in RAN2#98.
Given the current agreements, another alternative is to set PBR to infinity for higher priority LCHs. However, this does not provide any means to distinguish in terms of guaranteed bit rates among those LCHs. This results in splitting the UL resource equally among high priority LCHs if the resource is not sufficient to serve all their respective data available for transmission, regardless of the QoS profiles of their underlying applications.
Consequently, it is proposed to introduce a differentiation between Steps 1,2 and Step 3 per numerology/TTI for LCHs that maps to multiple numerologies/TTIs, as follow:
Proposal 1:	A LCH always contend for transmission resources in all steps of the LCP procedure for at least one numerology/TTI duration.
Proposal 2:	A LCH can be configured to contend for transmission resources only in Step 3 of the LCP procedure for a given numerology/TTI duration.
Proposal 3:	RRC configures whether or not a LCH contends for transmission resources only in Step 3 of the LCP procedure for a given numerology/TTI duration.
Conclusion
RAN2 should discuss the aforementioned observations and agree to the following proposals:
Observation 1:	Configuring a LCH with multiple numerologies/TTIs does not necessarily imply its data should contend equally on resources of different numerologies/TTIs.
Observation 2:	LCP should support that LCHs configured with multiple mappings may contend differently for resources of different numerologies/TTI durations.
Proposal 1:	A LCH always contend for transmission resources in all steps of the LCP procedure for at least one numerology/TTI duration.
Proposal 2:	A LCH can be configured to contend for transmission resources only in Step 3 of the LCP procedure for a given numerology/TTI duration.
Proposal 3:	RRC configures whether or not a LCH contends for transmission resources only in Step 3 of the LCP procedure for a given numerology/TTI duration.
A text proposal for these proposals is in Appendix A, using draft TS 38.321 v0.0.4 [4] as a baseline.
Appendix A – Text Proposal for TS 38.321 based on draft v0.2.0
<Start text proposal, using TS 38.321 v0.0.0 as baseline>
[bookmark: _Toc479699745]5.4.3.1	Logical channel prioritization
	[Unchanged text not included]
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-	priority where an increasing priority value indicates a lower priority level;
-	prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
-	bucketSizeDuration which sets the Bucket Size Duration (BSD);
-	LastStepOnly  which determines what LCP steps are applicable.
 [Unchanged text not included]
[bookmark: _Toc491782010]5.4.3.1.3	Allocation of resources
The MAC entity shall, when a new transmission is performed:
1>	allocate resources to the logical channels in the following:
2>	logical channels selected in subclause 5.4.3.1.2 for the UL grant with Bj > 0 and LastStepOnly  == false are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
2>	the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;
NOTE:	The value of Bj can be negative.
2>	if any resources remain, all the logical channels selected in subclause 5.4.3.1.2 are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
Editor's note: the above three-step LCP procedure is used as a baseline as agreed in RAN2 NR AH#2, and RAN2 confirmation requires.
[Unchanged text not included]
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