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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” seems too complex to support wide spread of use cases, especially for some delay-sensitive services. Therefore, potential enhancements for SR/BSR in NR may be needed on the basis of the legacy LTE procedure. In this contribution, we first review the UL scheduling in LTE and then give an overview for potential SR and BSR enhancements in NR. Further detailed solutions, including SR triggering, BSR procedure, BSR format, etc., are available in our other contributions in [3][4][5] . 
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 data. In LTE SR consists of only one bit information, which makes it lack of the ability to provide accurate information of UE’s buffer status. Compared to SR, Buffer Status Reports (BSR) can  provide more detailed information but is at an 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 may result in undesirable latency, processing burden and signalling overhead. Therefore, some enhancements should be considered in NR.
2.2   Scheduling request in NR

The potential SR enhancements can be classified into two aspects. On the one hand, SR may be enhanced with shorter period length. As per the agreement made in RAN1#88 meeting [6], short duration PUCCH and long duration PUCCH can be supported at least for different UEs in one slot. Further considering that triggering SR on short duration PUCCH can reduce latency, it is preferable to configure SR with short duration for critical services to support fast scheduling
Observation 1: If SR with short duration PUCCH can be configured for critical service, latency including the processing and transmission time can be reduced.

On the other hand, SR may be enhanced to carry multiple bits which make it possible to provide more information as what BSR does. The extended bits may indicate the identity 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 the enhanced SR and can provide a UL grant of a suitable size accordingly. However, whether SR can carry additional information should be studied in RAN1 first. 
Proposal 1: It should be studied in RAN1 first whether SR can carry additional information (e.g. LCG ID and/or buffer size info) or not.
2.3   BSR Enhancements in NR

2.2.1 BSR Triggering
In our complementary contribution [3], we have explained that the legacy BSR triggering mechanism in LTE is a little over-restricted for some cases. The consequence is that there may be a buffer information mismatch between the UE and gNB. Even if the gNB configures the highest priority to the logical channel for delay-sensitive service, the BSR may still not be triggered when the new delay-sensitive data arrives to the logical channel which is not empty. 
Some enhancements should be considered to accelerate the BSR triggering to alleviate the above issues, and we think there can be generally two options. Option 1 is to configure a shorter periodicBSR-Timer; however, currently periodicBSR-Timer is configured in a UE-specific manner. That means if shorter periodicBSR-Timer is needed by a logcial channel, it should be applied to all logical channel; this is obviously unnecessary. By contrast, Option 2 is to optimize the BSR triggering mechanism. Particularly, for those logical channels for delay sensitive services, any newly arriving data can trigger the BSR. In this case, BSR can be reported more timely. 
From our perspective, we prefer above Option 2 and further think that the buffer status updates in a logical channel, whether with a higher priority or not, may trigger a BSR. As a result, we have the following proposal. 
Proposal 2: The UE’s buffer status updates in a logical channel, whether with a higher priority or not, may trigger a BSR (regular or non-regular).

2.2.2 Additional Information in BSR
In the 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, the eNB can only acquire the information about the amount of data available for transmission per LCG in the UL buffers, but cannot further identify the buffer information of each specific logical channel associated with the LCG. 
Furthermore, new charateristics such as different numerologies have been introduced in NR and a logical channel is agreed to be associated with one or more numerologies. Therefore, it is preferable that BSR can additionally indicate information in terms of numerologies and LCID. There could be several ways for this indication. A simply way is to extend the number of logical channel groups, so that the gNB can configure a specific LCG to be linked to a specific LCID or to logical channels of a specific numerology.
Proposal 3: The number of LCGs can be extended to e.g. 16, so that the gNB can link a LCG to a specific LCID or a specific numerology. This enables the BSR to additionally indicate the information in terms of numerologies or LCIDs of the available data implicitly.
2.2.3 BS Information in BSR
In LTE, there are 64 buffer size levels for BSR, but there is only one level for the buffer size larger than 300000 bytes (i.e. 3MB). As there could be new services (e.g. AR/VR) that have a big data rate in uplink, it is beneficial to extend the BS levels to indicate the large buffer size more precisely. Furthermore, the gNB would make better decision on UL grant size to reduce the probability of RLC segmentation or resource waste, if the UE can report more precise BS value in BSR. Therefore we propose to extend the BS levels or increase the granularity in BSR.
Proposal 4: BS levels for NR BSR should be extended compared to that for LTE.
In addition, a new layer, i.e. SDAP is introduced to mapping between QoS flows and DRBs. To provide accurate BS in the UE’s buffer, the BS information should take into account the available data in SDAP if a buffer is used in the SDAP layer. 

Proposal 5:  If a buffer is used in the SDAP layer, the available data in SDAP buffer should be taken into account in the BSR.
2.2.4 BSR related timers
Some BSR related timers are used in LTE, including the retransmission BSR timer and the periodical BSR timer. In some case, the periodic BSR may not be needed, and the periodical BSR timer may not need to be defined. However, in case retransmission BSR timer and/or the periodic BSR timer are to be defined, the value of those timers should take into account the numerology associated with the logical channel of the BSR. 

Proposal 6: The BSR related timers including the retransmission BSR timer and the periodic BSR timer, if defined, should take into account the numerology associated with the logical channels reported in the BSR.

3   Conclusion

In summary, some UL enhancements in NR are discussed in this paper. 
Observation 1: If SR with short duration PUCCH can be configured for critical service, latency including the processing and transmission time can be reduced.

Proposal 1: It should be studied in RAN1 first whether SR can carry additional information (e.g. LCG ID and/or buffer size info) or not.
Proposal 2: The UE’s buffer status updates in a logical channel, whether with a higher priority or not, may trigger a BSR (regular or non-regular).
Proposal 3: The number of LCGs can be extended to e.g. 16, so that the gNB can link a LCG to a specific LCID or a specific numerology. This enables the BSR to additionally indicate the information in terms of numerologies or LCIDs of the available data implicitly.
Proposal 4: BS levels for NR BSR should be extended compared to that for LTE.

Proposal 5:  If a buffer is used in the SDAP layer, the available data in SDAP buffer should be taken into account in the BSR.
Proposal 6: The BSR related timers including the retransmission BSR timer and the periodic BSR timer, if defined, should take into account the numerology associated with the logical channels reported in the BSR.
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