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1 Introduction
As defined in TR 38.913[1], there are a lot of use cases which have quite different QoS requirements. UL Scheduling is a key functionality in MAC layer. However, the legacy scheduling procedure of SR-UL grant-BSR-UL grant-Data is too complex to support wide spread of use cases, especially for some latency-tolerant services. In this contribution, we review and analyze the potential UL scheduling in both LTE and NR. Then give potential enhancements for UL scheduling in NR.
2 Discussion
2.1 Legacy UL scheduling in LTE
The legacy UL scheduling procedure in LTE is shown in Fig.1 Scheduling request (SR) is used for requesting UL grant for BSR when the UE has new transmission. In LTE SR only consists of only one bit of information which makes it lack of the ability to provide accurate information of UE’s buffer. Compared to SR, Buffer Status Reports (BSR) can carry more bits which can give more detailed information but bring additional delay. SR and BSR have their own disadvantages. For NR, the schemes of SR/BSR need optimization.
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Fig.1. Legacy UL scheduling procedure in LTE

As shown in Fig.1, the complex signalling interaction procedure of SR-UL grant-BSR-UL grant-Data results in latency, processing and signalling overhead. The usages of SR and BSR are limited which can’t provide a better QoS for diverse services in NR. Some enhancements need to be done.
Proposal 1: The SR/BSR enhancements should be considered in NR.

2.2 UL scheduling enhancements in NR
The potential directions could include: SR enhancements and BSR enhancements. In view of the wide spread of use cases in NR, some cases need enhancements while some cases may not need. So the enhancements should be flexible enough to be configured by eNB.
Proposal 2: NW can configure /restrict the usage of the SR/BSR enhancements for certain cases (e.g. services/radio condition/NW resource, etc).

2.2.1 SR Enhancements

The potential SR enhancements can be clarified into two categories. One is to use more bits in SR, which would be possible to provide more detailed information as BSR does. The additional bits may include the type of LCG which has data available, and/or the amount of available data associated with the LCG. By this way, eNB can obtain more information of buffer to provide a suitable UL grant. The other one is to implicitly carry information to indicate the service type for fast scheduling by configuring different SR periods. 
Proposal 3: SR enhancements need to be studied in NR. Potential methods might be:
· With more information carried in SR to assist fast UL grant scheduling in NR

· Short periodical SR should be configured to indicate the service type of critical services for fast scheduling;
2.2.2 BSR Enhancements

2.2.2.1 Timely BSR triggering

In LTE, the existing rules for BSR triggering are too strict. For example, a “Regular BSR” shall be triggered either the data belongs to a logical channel with higher priority than the priorities of the logical channels which belong to any LCG and for which data is already available for transmission, or there is no data available for transmission for any of the logical channels which belong to a LCG. While the UE is not allowed to trigger a BSR if the new data has the same or lower priority than the existing data. This may lead a mislead between the UE and eNB. Some enhancements should be considered to accelerate the BSR triggering. 
Proposal 4: In order to reduce the occurrence of long-term information mismatch between UE and eNB, timely BSR triggering mechanism should be considered in NR.
2.2.2.2 Always short BSR with priority indication
For some service with high priority, the BSR should be sent as soon as possible, which can be transmitted with enhanced short BSR without multiplexing. Upon supporting multiple services, the eNB cannot determine which service it belongs to. In order to identify and deal with BSR quickly, it is proposed that BSR always with enhanced short BSR to indicated high priority BSR.
Proposal 5: BSR always with enhanced short BSR to indicated high priority BSR.
2.2.2.3 Accurate BSR information

The eNB cannot make a right decision that how many resources to be allocates unless the BSR can refer to a detailed value. Therefore we propose that for the BSR including a LCG with potential high priority data, the BSR should indicate accurate buffer size information than legacy. 
Proposal 6: Accurate BSR should be reported to avoid the following process of segmentation and assembling.
2.2.2.4 Grant-Free transmission of BSR

Once the data arrives, BSR could be transmitted immediately in the next available slot for grant-free transmission without waiting for eNB to schedule or allocate grant, possibly reducing scheduling latency. Because grant-free transmissions are contention-based, some contention solutions should be further studied with TTI bundling or multi-path transmission.
Proposal 7: Grant-free transmission of BSR should be studied to enhance BSR in NR. Contention solutions should be considered with combination of grant-free and TTI bundling or multi-path transmission.
3 Conclusion
In summary, some UL enhancements in NR are discussed in this paper. 
Proposal 1: The SR/BSR enhancements should be considered in NR.

Proposal 2: NW can configure /restrict the usage of the SR/BSR enhancements for certain cases (e.g. services/radio condition/NW resource, etc).

Proposal 3: SR enhancements need to be studied in NR. Potential methods might be:

· With more information carried in SR to assist fast UL grant scheduling in NR

· Short periodical SR should be configured to indicate the service type of critical services for fast scheduling;
Proposal 4: In order to reduce the occurrence of long-term information mismatch between UE and eNB, timely BSR triggering mechanism should be considered in NR.
Proposal 5: BSR always with enhanced short BSR to indicated high priority BSR.

Proposal 6: Accurate BSR should be reported to avoid the following process of segmentation and assembling.
Proposal 7: Grant-free transmission of BSR should be studied to enhance BSR in NR. Contention solutions should be considered with combination of grant-free and TTI bundling or multi-path transmission.
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