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1. Introduction
In RAN2#97bis, the below agreements were made:
Agreements on LCP
-	Priority, PBR concept is used in NR as a baseline. 
-	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 
-	Logical channel priority is configured per UE as a baseline.  FFS is anything needs to be done to done to treat logical channels differently

It has been agreed that LTE PBR concept is used as the baseline for NR. Under this assumption, we further discuss the potential enhancements for the PBR concept especially in cases a UE supports multiple numerologies/TTI durations. We also address two other questions related to prioritization, how to handle multiple grants and the relative priority between MAC CEs and logical channels.
1. Discussion
1. PBR concept update
To avoid starvation of the logical channels with lower priorities, while still serving the logical channels according to their priorities, a Prioritized Bit Rate (PBR) is configured by the network for each logical channel. The PBR is the data rate provided to one logical channel before allocating any resource to a lower-priority logical channel. In general, this PBR should be numerology/TTI duration-agnostic so that it is not set depending on the actual numerologies/TTI durations used to deliver the data.
[bookmark: _Toc481267779][bookmark: _Toc481267800][bookmark: _Toc481689556][bookmark: _Toc481689667][bookmark: _Toc481866263]No need to introduce numerology-specific PBR setting
In LTE LCP procedure, the MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × TTI duration for each TTI.
When a new transmission is performed, the MAC entity performs the Logical Channel Prioritization procedure in the three steps. In the second step, the MAC entity decrements Bj by the total size of MAC SDUs served to logical channel j in Step 1. 
[bookmark: _Toc481267780]From the texts highlighted in red, the increment of Bj is performed according to the TTI duration. However, the TTI duration may change from one transmission to another even for the same logical channel. Further, it is the combination of e.g. numerology and TTI duration that determines how transmission is to be made on the physical layer. Therefore, it is not sufficient to only use the TTI duration in the LCP procedure. That may bring an ambiguous behaviour for the LCP procedure. It is better to use “subframe duration” to replace “TTI duration” to avoid this ambiguity. At the same time, the decrement of Bj is performed according to the actual transmitted size of the associated logical channel. It should be still valid since the numerology/TTI duration is not used for this calculation. 
[bookmark: _Toc481689552][bookmark: _Toc481689629][bookmark: _Toc481866265]For each logical channel j and for each subframe, the MAC entity shall increment the variable Bj by the product PBR × subframe duration.
[bookmark: _Toc481689553][bookmark: _Toc481689630][bookmark: _Toc481866266]When a transmission is made on logical channel j the MAC entity shall decrement the variable Bj by the total size of the MAC SDUs served to the logical channel (as in LTE).
1. Multiple grants handling
For a UE configured with LCHs mapped to multiple numerologies/TTIs, it may be challenging to perform LCP procedure if several grants associated with more than one numerologies/TTIs are provided at the same time. The processing of multiple grant together at once is complex since the processing time may be very tight. In the LTE, the order in which the grants are processed is left up to UE implementation. In NR, such simple rule is not sufficient since the numerology/TTI duration associated with each grant would directly impact how fast a MAC PDU can be delivered. The different processing order would impact the QoS realization for LCHs.
[bookmark: _Toc481267782][bookmark: _Toc481267802][bookmark: _Toc481689557][bookmark: _Toc481689668][bookmark: _Toc481866264]The processing order of the multiple grants will impact the QoS realization for LCHs. 
In [1] we specify the transmission profile as an abstraction of the physical layer to MAC. The transmission profile is indicated in the grant and could be assigned a priority. This means that upon reception of two grants for two different transmission profiles, the UE would start processing the one with the highest priority. That makes sense, since it is typically that a LCH with higher priority is mapped to a transmission profile with e.g. short TTI durations/numerologies. 
[bookmark: _Toc481267775][bookmark: _Toc481689554][bookmark: _Toc481689631][bookmark: _Toc481866267]The MAC entity processes grants (e.g. perform LCP and build MAC PDU) in descending order of priority assigned to the transmission profile indicated in the grant. If the transmission profiles have the same priority or no priority is assigned to the transmission profile, the MAC entity may process grants in any order.
1. Relative priority between MAC CEs and logical channels
For LTE LCP, the MAC entity shall consider the relative priority amongst MAC CEs and the logical channels in decreasing order, shown as below (see 3GPP TS 36.321 section 5.4.3.1)
-	MAC control element for C-RNTI or data from UL-CCCH;
-	MAC control element for SPS confirmation;
-	MAC control element for BSR, with exception of BSR included for padding;
-	MAC control element for PHR, Extended PHR, or Dual Connectivity PHR;
-	MAC control element for Sidelink BSR, with exception of Sidelink BSR included for padding;
-	data from any Logical Channel, except data from UL-CCCH;
-	MAC control element for BSR included for padding;
-	MAC control element for Sidelink BSR included for padding.
Typically, URLLC services have strict requirements in terms of latency. As shown above, most of MAC CEs (except MAC CEs for padding BSR and padding Sidelink BSR) have higher priority than logical channels. If the UE has a small grant it would prioritize MAC CEs over URLLC logical channels. Consequently, the UE may fail to meet the latency requirement for URLLC. In this case, it is beneficial to grant the logical channel for URLLC with higher priority than MAC CEs, since some MAC CEs may have more relaxed latency requirements than URLLC. 
To better cope with the varying needs, we believe that the relative priorities between and amongst MAC CEs and the logical channels should be configurable by the network. A default priority list can be used as baseline similarly as for LTE (3GPP TS 36.321 section 5.4.3.1). The network may then signal another priority list when necessary, to override the default priority list. 
[bookmark: _Toc481689555][bookmark: _Toc481689632][bookmark: _Toc481267776][bookmark: _Toc481866268]Reconfiguration of the relative priorities between logical channels and MAC CEs by the network is supported. 
1. Conclusion
In section 2 we made the following observations:
Observation 1	No need to introduce numerology-specific PBR setting
Observation 2	The processing order of the multiple grants will impact the QoS realization for LCHs.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	For each logical channel j and for each subframe, the MAC entity shall increment the variable Bj by the product PBR × subframe duration.
Proposal 2	When a transmission is made on logical channel j the MAC entity shall decrement the variable Bj by the total size of the MAC SDUs served to the logical channel (as in LTE).
Proposal 3	The MAC entity processes grants (e.g. perform LCP and build MAC PDU) in descending order of priority assigned to the transmission profile indicated in the grant. If the transmission profiles have the same priority or no priority is assigned to the transmission profile, the MAC entity may process grants in any order.
Proposal 4	Reconfiguration of the relative priorities between logical channels and MAC CEs by the network is supported.
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