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1 Introduction

After the RAN2#95bis meeting, RAN WG2 made an agreement to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. A UE can support multiple numerologies from a single cell. Different numerologies and flexible TTI duration in NR has been discussed with the following agreement:

Agreements

1
The eNB should have means to control which logical channels the UE may map to which numerology and/or TTIs with variable duration. Details FFS (e.g. whether semi-static or dynamic, hard split/soft split, etc)

2
A UE can support multiple numerologies from a single cell. FFS whether this is modelled as 1 or multiple MAC entities.

RAN2#96 discussed whether a single MAC can handle different numerologies. RAN2 agreed 

Agreements

1
A radio bearer can be configured by the network to be mapped to one or more numerology/TTI duration.

FFS: Whether a single MAC entity can support one or more numerology/TTI durations (modelling issue)

FFS: Whether a single logical channel can be mapped to one or more numerology/TTI duration.

FFS: Whether a single HARQ entity can support one or more numerology/TTI duration

In the email discussion [95#28][NR] MAC to support multiple numerologies [1], several companies discussed whether it is different numerologies/TTI durations from different serving cells or one serving cell are not distinguished. The configuration of radio bearer/logical channel to numerology/TTI duration mapping can be changed, the technology potential is quantified by the following metrics:

· Only configured when the radio bearer/logical channel is added and cannot be changed until release of the radio bearer;
· Can be reconfigured via RRC reconfiguration.

As proposed in [2], may provide a good starting point for details of QoS handling and logical channel prioritization for URLLC traffic in the MAC layer. Taking the consideration of the new agreements and recent progresses, this contribution focus on the scheduling for ultra-reliable low latency communication (URLLC). We provide a coarse overview of the logical channel prioritization for URLLC traffic briefly, and then we attempts to provide the impact of CQI feedback operation on RRC reconfiguration for meeting URLLC requirements.
2 Discussion

2.1 Logical Channel Prioritization (LCP) for URLLC
Refer to Fujitsu input [2], for URLLC traffic in NR, the guarantee of the latency of the data traffic should be the target. The question is if the current LCP procedure based on the bit rate as in the current specification can guarantee the latency for URLLC traffic in NR. In URLLC case, the logical channel conveys URLLC traffic. In order to meet URLLC requirement, the gNB should provider high priority for URLLC traffic.

In figure 1, the related logical channel is established based on token bucket algorithm, and incremented by the product PBR × TTI duration for each TTI. The bucket size of a logical channel is equal to PBR × BSD, where Prioritized Bit Rate (PBR) and Bucket Size Duration (BSD) are configured by upper layers. The LCP procedure lies in the dynamic sharing of resources between different source traffic at asymmetrical loads, this allows in relaxing the traffic congestion conditions. The maximum bit rate (MBR) per Guranteed Bit Rate (GBR) bearer and an Aggregated Maximum Bit Rate (AMBR) for all Non-GBR bearers could be provided to the UE.
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Figure 1:  Illustration of LCP for URLLC
The QoS guarantee and fairness are the key factors in the cross layer design based on the Modulation and Coding Scheme (MCS) and Transmission Time Interval (TTI). The QoS at the MAC layer and fairness in the physical layer interact with each other and adapt along with the traffic type and transmission data size. 
The proposed approach divides the scheme into service scheduling of the MAC layer and physical resource block (PRB) permutation of the physical layer. The main simplifying assumptions and approximation are as follows. The scheme permutes data that may be configured as one or more numerology/TTI duration. Based on this observation, the scheme stores the channel quality index (CQI) information of the previous frame decided PRB permutation. This paper uses the following three parameters:

· Si: the number of allocation packets of the ith(1 ≦ i ≦ 4) traffic type for a user, in which i=1 is the URLLC stream type, i=2 is the non-GBR stream type, i=3 is the non-GBR stream type, and i=4 is the GBR stream type;
· Mj: the MCS value at the jth Transport Block (TB), which can be obtained from the channel quality information measured from frame (set up M0=∞ );
· Ti: the TTI  duration for the ith traffic type;
The MAC layer of the scheme contains two parts, which represent the stream type contributed by GBR traffic and Non-GBR traffic, respectively. The channel state part of one frame is Mj/Si. Denote the stream type transmission traffic application as L. Accounting for the packet delay time, the following equation can schedule the stream type as
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By solving the above equality, we can easily obtain the stream type transmission traffic application for the user. The delay time can be minimized with the optimal values, which can be obtained by Si and Mj parameters. However, the solution of the optimization equation (1) is not explicit because RRC reconfiguration message can’t provide MCS index within CQI. Moreover, the length of data packet is not equal to that of TB. The parameters of the MAC and physical layer are non-synchronous. Thus, it is necessary to determine the relationship between the MAC and physical layer and give a suboptimal LCP allocation solution.

Observation 1: URLLC LCP operation to support CQI awareness with MCS index of RRC messages to map one or more numerology/TTI duration.

TR 38.913 [3] has clearly specified the QoS requirements of UP for URLLC. The URLLC UP latency should be less than 0.5ms, and the URLLC UP reliability should be less than 10-5 within 1ms UP latency for 32bytes’ packet. For eV2X, the UP reliability should be less than 10-5 within 2ms latency for 300bytes’ packet under V2I scenario, and within 3~10ms latency for 300bytes’ packet under V2V (sidelink) scenario. 
Following the priority decision on the stream type in the TR 38.913 is conducted: the highest priority is the stream type, which has urgent and good channel state. The urgent and URLLC stream type serves as the TB for the good channel state.

Observation 2: If the TB is occupied by a URLLC traffic type, the remaining GBR data will select other TTI type to access the PRB.

The CQI in the physical layer provides the TB allocation for QoS guarantee at the MAC layer. The discussion in this paper guarantee the reliability and low latency of URLLC services. 
Proposal 1: RAN2 should consider the configuration of logical channel to numerology/TTI duration mapping can be changed via RRC reconfiguration.
3 Conclusion

We summarize the contribution with the following observations:
Observation 1: URLLC LCP operation to support CQI awareness with MCS index of RRC messages to map one or more numerology/TTI duration.

Observation 2: If the TB is occupied by a URLLC traffic type, the remaining GBR data will select other TTI type to access the PRB.

Based on the above observations we request RAN2 to discuss and agree on the following proposals:

Proposal 1: RAN2 should consider the configuration of logical channel to numerology/TTI duration mapping can be changed via RRC reconfiguration.
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