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1. Introduction

In previous meetings, agreements for relation between numerology/TTI and logical channel are made.
Agreements from RAN2-95bis

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)

Agreements from RAN2-96

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

According to the agreements, some logical channels may be mapped to certain numerology/TTI duration based on some considerations (e.g. UE capability, service requirements, QoS,…). Based on the agreements, we further discuss some uplink scheduling potential issues in this contribution. 
2. Discussion

2.1 Scheduling Request
Based on early RAN2 discussion, RAN2 agreed that LTE design is considered as baseline for NR. In LTE, SR-BSR procedure is general uplink resource request procedure. The steps of SR-BSR procedure are shown in Figure 1.

Figure 1: SR-BSR procedure in LTE
In NR service requirements, the latency requirement of URLLC service is 0.5ms and the latency requirement of eMBB service is 4ms. Regarding eMBB service, if numerology/TTI for SR/BSR is short enough, it should be possible for UE to finish whole procedure within 4ms. On the other hand, for supporting ultra-low latency, RAN1 agreed to support grant-free resource for URLLC. And the grant-free uplink resource may or may not be dedicated for a UE. If dedicated grant-free resource is allocated to a UE and the grant-free resource is dense enough for satisfying latency requirement, the UE may not need SR to request resource for data and BSR. A possible flow is shown in Figure 2. UE can directly transmit data and also BSR, if needed, to the network.
Figure 2: Grant free resource
However, considering system loading brought by allocating dedicated grant-free resource to many UEs, the grant-free resource allocated to a UE could also be contention based or could be not dense enough for covering ultra-low latency. In such condition, the UE may also need SR procedure for supporting URLLC as a complementary procedure. Moreover, in current design, logical channels could have limitations about TTI/numerology due to variant QoS. If we try to reuse legacy SR design, network could not differentiate those limitations based on SR from a UE. This may induce that network schedules inappropriate resource which cannot be used to transmit uplink data. And this may force gNB to schedule conservatively for preventing resource waste in the step of BSR transmission. Considering unnecessary scheduling limitation, it would be better for SR to carry more information to indicate resource about data pending in the UE. The detail of the information carried by SR could be discussed in stage 3 design. 
Proposal 1: In NR, SR can carry additional information related to numerology/TTI duration, e.g. for logical channels with pending data.
2.2 Buffer Status Report
After a UE derives uplink grant based on SR procedure or grant-free, the UE will use the uplink grant to transmit BSR and maybe some data to the gNB. And the gNB may need to schedule more uplink resource if there is remaining data pending in the UE. Considering association between TTI/numerology and logical channel, the gNB may need extra information than legacy for scheduling appropriately. Below are some possible methods for gNB to derive extra information.
Method 1: Group logical channels into LCG (similar to LTE)
In this method, gNB can group different logical channels in a UE to different LCGs based on some scheduling limitations. Based on LCG reported by the UE, gNB can derive extra information for following scheduling. For example, network can use legacy 4 LCGs for logical channels with high priority and low latency, logical channels with low priority and low latency, logical channels with high priority and latency endurable, and rest of logical channels. The grouping could be done by network implementation.

Method 2: Group logical channels into LCG + extra information (e.g. extra info for URLLC)
For example, a UE could independently report buffer size of URLLC logical channel(s). And other logical channels can still be grouped into LCG based on network’s preference. By this way, network could obtain precise buffer size of URLLC without sacrificing a LCG.

For another example, a UE could report buffer status per numerology or per TTI duration range. gNB can directly understand resource scheduling limitation. In addition, each numerology/TTI duration range may have more than one corresponding LCG for providing priority information.
Method 3: Report buffer status per logical channel 
A UE reports buffer status per logical channel instead of logical channel group. Since gNB is responsible to create association between TTI/numerology and logical channel in the UE, the gNB can derive the extra information based on this method. However, new format for BSR CE will need to be defined for this method.
For the three methods, we provide some comparisons of different methods.
	
	Method 1
	Method 2
	Method 3

	BSR size
	Small
	Medium
	Large

	Information accuracy
	Low
	Medium
	High


Based on above methods and analysis, RAN2 could discuss how BSR include resource scheduling limitation information. 
Proposal 2: In NR, BSR can carry additional information related to numerology/TTI duration.

Proposal 3: RAN2 is suggested to discuss which level of numerology/TTI information should be carried by a BSR. 
(e.g. Lower level: Method 1 or Method2; Higher level: Method 2 or Method 3)
3. Conclusion

In this contribution, we propose the following:
Proposal 1: In NR, SR can carry additional information related to numerology/TTI duration, e.g. for logical channels with pending data.
Proposal 2: In NR, BSR can carry additional information related to numerology/TTI duration.

Proposal 3: RAN2 is suggested to discuss which level of numerology/TTI information should be carried by a BSR. 
(e.g. Lower level: Method 1 or Method2; Higher level: Method 2 or Method 3)
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