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1 Introduction
As defined in TR 38.913[1], there will be a variety of use cases which have quite different QoS requirements. UL Scheduling is a key functionality in MAC layer. However, the legacy LTE 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 to request UL grant for BSR when the UE has new transmission. In LTE SR 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 to provide more detailed information but at expense of additional delay. SR and BSR have their own disadvantages. 
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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 gNB.
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, gNB can obtain more information of UE’s buffer status from enhanced SR in order to provide a suitable UL grant . The other one is to introduce shorter period time for URLLC to support fast scheduling. 
Proposal 3: SR enhancements need to be studied in NR. Potential methods might be:
· additional information with SR to assist fast UL grant scheduling in NR;
· SR per UE with shorter period length may be configured for fast scheduling of critical services;
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 buffer information mismatch between the UE and eNB. Some enhancements should be considered to accelerate the BSR triggering to alleviate the mismatch. 
Proposal 4: In order to reduce the occurrence of buffer information mismatch between UE and gNB, timely BSR triggering mechanism should be considered in NR.
2.2.2.2 BSR with priority indication

In legacy LTE, BSR MAC control elements consist of either:

· Short BSR and Truncated BSR format: one LCG ID field and one corresponding Buffer Size field; or

· Long BSR format: four Buffer Size fields, corresponding to LCG IDs.

Once receiving BSR, eNB can only acquire the information about the amount of data available for transmission per LCG in the UL buffers. However, it can not further identify the specific information of each logical channel associated with the LCG. At a glance that new charateristic in terms of numerology are introduced in NR, BSR per UE with additional information of numerology/LCH should be considered to indicate high priority BSR.
Proposal 5: BSR per UE with additional information should be considered to indicate prioritized buffer status (e.g. to indicate prioritized BSR with prioritized numerology/LCH).
2.2.2.3 Accurate BSR information

Furthermore, the gNB would make an exact resources allocation if UE can report BSR with a precise value. Therefore we propose BSR should indicate accurate buffer size information than legacy BSR size. Thus gNB will assign accurate UL grant accordingly for the purpose of decreasing the following probability of segmentation or resource waste.
Proposal 6: Accurate BSR should be reported to decrease the following probability of segmentation or resources waste.
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:

· additional information with SR to assist fast UL grant scheduling in NR

· SR per UE with shorter period length may be configured for fast scheduling of critical services;
Proposal 4: In order to reduce the occurrence of buffer information mismatch between UE and gNB, timely BSR triggering mechanism should be considered in NR.

Proposal 5: BSR per UE with additional information should be considered to indicate prioritized buffer status (e.g. to indicate prioritized BSR with prioritized numerology/LCH).
Proposal 6: Accurate BSR should be reported to decrease the following probability of segmentation or resources waste.
4 References

[1] 3GPP TR 38.913: "Study on Scenarios and Requirements for Next Generation Access Technologies". 
_1546884803.vsd
UE


eNB


SR


UL Grant


BSR


UL Grant


Data



