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[bookmark: _Ref429645891]Introduction
In LTE, SR/BSR based UL scheduling is mainly based on UE sending a Scheduling Request to the eNB to provide UL grant for transmitting the BSR. The information of the amount of data for each of the logical channel group (LCG) is then provided in the BSR.  
In NR, UL scheduling based on SR/BSR can be used for eMBB.  For URLLC, other than the grant-less transmission, UL scheduling based on SR/BSR is also being considered by RAN 1. In this document, we discuss the motivation behind the SR and BSR enhancements, e.g. discuss whether more information may be desirable in SR and BSR considering the number of different services UEs are supporting.
[bookmark: Proposal_Pattern_Length]Discussion
SR enhancement
In LTE, when a scheduling request (SR) is triggered, UE indicates to the eNB that it has data to transmit in the buffer. The eNB provides a default UL grant which is used by the UE to transmit the data and/or BSR. It may be that the provided UL grant is enough to transmit all data. However, it is also likely that UL grant is not enough and UE has to request another grant using BSR. The consequence of this process is additional delay for the case when UE would have been able to transmit all data, had the first UL grant been little bit larger. Also, there is no indication of the priority of the SR. Allowing the gNB to know the priority of the SR would help the gNB scheduler prioritise the UL resources among the UEs.
In LTE, the eNB has no information whether the UE has large or small amount of data and also whether the UE has high priority data until the eNB receives a BSR. For delay sensitive use cases, it can be beneficial if the SR is enhanced to piggyback more information about the characteristic of data being queued at the UE buffer. It is because UE might be able to transmit all the data in the first UL grant it receives without waiting for the next UL grant received based on BSR.  
NR has to support variety of services. Other than eMBB services, NR also supports URLLC services which require ultra-low latency.  Even within eMBB services, there are services that are more delay stringent than the other and probably having higher priority.  There may also be some RRC/NAS signalling requiring higher priority than normal data transmission from other UEs. Hence it is beneficial for the gNB scheduler to know the priority of the SR to allow the gNB to prioritise the UL resources among the UEs. 
[bookmark: _Toc473910656][bookmark: _Toc473910737][bookmark: _Toc473926537][bookmark: _Toc473927458][bookmark: _Toc473927643][bookmark: _Toc473928455][bookmark: _Toc473928703][bookmark: _Toc477684816][bookmark: _Toc478032661][bookmark: _Toc478033474][bookmark: _Toc478116617][bookmark: _Toc478158681][bookmark: _Toc478160173]Due to the variety of services (eMBB, URLLC etc.) supported by NR, it is beneficial for the eNB scheduler to know the priority of the SR which allows the gNB to prioritize UL resources among the UEs. 
However, in today’s LTE SR format, no extra information bits are present apart from presence or absence of SR. How much extra information of priority could be accommodated in the NR SR may depend on the RAN1 progress on the design of UL control channel for NR. 
[bookmark: _Toc473640502][bookmark: _Toc473640645][bookmark: _Toc473910658][bookmark: _Toc473910739][bookmark: _Toc473926539][bookmark: _Toc473927460][bookmark: _Toc473927645][bookmark: _Toc473928457][bookmark: _Toc473928705][bookmark: _Toc477684818][bookmark: _Toc478032663][bookmark: _Toc478033476][bookmark: _Toc478116618][bookmark: _Toc478158682][bookmark: _Toc478160174]RAN1 input is required to determine how many bits are feasible in the UCI format for SR.
Options for SR enhancements
To facilitate the network for efficient UL scheduling (i.e. prioritize on the UL scheduling and reduce latency for some services with high priority), following options can be considered.
Option#1: Legacy LTE On/off SR 
Option#2: SR for service differentiation
Option#3: SR for low latency services or SR plus BSR
Option#4: SR for service differentiation and low latency (Option#2 + Option#3)
Note that in option#1, LTE legacy on/off SR is used. In option#2, SR for service differentiation can be achieved with multiple resource configurations.  In addition, multi-bit SR can also be used.
In option#3, information of buffer size is transmitted in the dedicated resource allocated for SR so that UE can transmit available data without delay in the received grant. The UCI format for this option might be different than service differentiation indication as transmitting rough buffer size (not accurate) may need multiple bits (at least 2 bits) in SR. However, a low latency service can also be differentiated from option#2. In the option#2, the network may over-allocate grant for low latency services and one can argue on resource wastage but it may not be a significant issue for such services. 
The Option#4 may not be desirable as it requires higher number of bits to be accommodated in the SR. Though, it can provide more information and can be configured for certain critical and high priority services, option#2 could be sufficient. 
[bookmark: _Toc478032664][bookmark: _Toc478033477][bookmark: _Toc478116619][bookmark: _Toc478158683][bookmark: _Toc478160175]For low latency service or high priority services, over-allocating grant is not a significant issue. Therefore, SR for service differentiation is preferred over the SR for low latency services.
[bookmark: _Toc478131478][bookmark: _Toc478158690][bookmark: _Toc478131479][bookmark: _Toc478158691][bookmark: _Toc478032671][bookmark: _Toc478033009][bookmark: _Toc478033090][bookmark: _Toc478033484][bookmark: _Toc478116627][bookmark: _Toc478131480][bookmark: _Toc478156357][bookmark: _Toc478158692][bookmark: _Toc478160182]SR for service differentiation is considered as an SR enhancement.
SR for service differentiation
As discussed, SR for service differentiation can be used to indicate the eNB that the grant is being requested for a high priority service or low latency service. However, the design depends on how many levels of service differentiation is required. As higher number of service differentiation would not be efficient spectrally, 2 levels or 4 levels of service differentiation can be considered. Note that the different level of service differentiation can be mapped to the different QoS requirements or priority levels and/or the low latency requirements.
[bookmark: _Toc478032665][bookmark: _Toc478033478][bookmark: _Toc478116621][bookmark: _Toc478158684][bookmark: _Toc478160176]2 levels or 4 levels of service differentiation can be considered.
To achieve the service differentiation, we can consider following options.
Option #A: Multiple on/off SR configurations 
Option #B: 1bit (2 levels) or 2 bits (4 levels) SR
In terms of resource efficiency, option #B may be less efficient as most likely the short SR periodicity should be configured if the SR is used for high priority or low latency services as well as delay tolerant services. In option #A, a very short periodicity can be configured for the low latency service, while a long periodicity can be configured for the delay tolerant service. Also, the legacy on/off SR mechanism provides the highest level of robustness to the channel conditions. 
[bookmark: _Toc478032666][bookmark: _Toc478033479][bookmark: _Toc478116622][bookmark: _Toc478158685][bookmark: _Toc478160177]In terms of resource efficiency and robustness to channel condition, on/off SR option is better than mulit-bit SR option for service differentiation.
[bookmark: _Toc478032672][bookmark: _Toc478033010][bookmark: _Toc478033091][bookmark: _Toc478033485][bookmark: _Toc478116628][bookmark: _Toc478156358][bookmark: _Toc478131481][bookmark: _Toc478158693][bookmark: _Toc478160183]Multiple on/off SR configuration(s) is considered to achieve the SR for service differentiation.
BSR enhancements
Higher number of priorities levels in BSR
In LTE, there are two types of BSR formats that can be reported to eNB. The first one is the short/truncated BSR format where buffer status of one logical channel group can be reported. The second one is the long BSR format where data from all logical channel groups are reported. In LTE, there are 4 LCGs. In NR, more number of LCGs may be defined to provide the finer granularity of the data priorities depending on the number of logical channels or types of services to be supported. A drawback of the current method is that it is not flexible to transmit the BSR corresponding to two to (max-1) LCGs. It is also not possible to identify the TTIs or service for which the BSR is being reported. Such identification may be helpful for better UL scheduling decision by the network. In NR, higher number of priorities level in the BSR reporting can be achieved as BSR per LCG and BSR or logical channel.
BSR per LCG
In LTE, only four logical channel group (LCG) are defined to prioritize the data. In NR, for finer granularity of data priorities to reflect the various services and numerologies a UE is supporting, a larger number of LCGs could be necessary. In this case, a new MAC CE for BSR needs to be designed to accommodate all data corresponding to a number of LCGs. The MAC CE could include one or more than one LCG IDs of the data.
[bookmark: _Toc473640505][bookmark: _Toc473640647][bookmark: _Toc473910660][bookmark: _Toc473910741][bookmark: _Toc473926541][bookmark: _Toc473927462][bookmark: _Toc473927647][bookmark: _Toc473928459][bookmark: _Toc473928707][bookmark: _Toc477684820][bookmark: _Toc478032667][bookmark: _Toc478033480][bookmark: _Toc478116623][bookmark: _Toc478158686][bookmark: _Toc478160178]Higher number of LCGs than supported in LTE can be defined for supporting finer granularity of priorities of data in BSR.
BSR per logical channel
Another option in enhancing the BSR could be reporting the BSR corresponding to each logical channel. In NR, it is likely that a logical channel may be associated with a TTI or a service in UE. It could be possible that data in one logical channel may be more important or have higher priority than the data in other logical channel. This can be decided based on a mapping function between the logical channel and TTI duration or QoS flow profile. For this purpose, a new MAC CE can be defined to indicate the logical channel associated with the buffer index in the BSR.
[bookmark: _Toc473640506][bookmark: _Toc473640648][bookmark: _Toc473910661][bookmark: _Toc473910742][bookmark: _Toc473926542][bookmark: _Toc473927463][bookmark: _Toc473927648][bookmark: _Toc473928460][bookmark: _Toc473928708][bookmark: _Toc477684821][bookmark: _Toc478032668][bookmark: _Toc478033481][bookmark: _Toc478116624][bookmark: _Toc478158687][bookmark: _Toc478160179]Logical channel identity based BSR can also be defined for finer granularity of the priorities of data.
However, for the design of BSR for the both options above, a new design of BSR format is required to achieve a flexible and efficient BSR reporting mechanism in NR. Therefore, whether or not more than 4 levels of priorities is necessary in NR can be further studied as a strong need has not been identified. It is possible that the logical channels associated with the different services can still be categorized in the 4 levels and current LTE-based BSR format is reused in NR. For example, logical channels associated with SRBs, URLLC, VoIP and others can be assigned to LCG 0, 1, 2 and 3 respectively.
[bookmark: _Toc473640504][bookmark: _Toc473640646][bookmark: _Toc473910659][bookmark: _Toc473910740][bookmark: _Toc473926540][bookmark: _Toc473927461][bookmark: _Toc473927646][bookmark: _Toc473928458][bookmark: _Toc473928706][bookmark: _Toc477684819][bookmark: _Toc478032669][bookmark: _Toc478033482][bookmark: _Toc478116625][bookmark: _Toc478158688][bookmark: _Toc478160180]Currently supported 4 levels of priorities can be baseline for NR. More number of priority levels may be considered if there is demand to have finer granularity. 
[bookmark: _Toc478032670][bookmark: _Toc478033483][bookmark: _Toc478116626][bookmark: _Toc478158689][bookmark: _Toc478160181]If more levels of priorities of data in BSR are necessary, new flexible and efficient BSR formats enabling reporting of larger number of types/priorities of data will be required.
[bookmark: _Toc473640508][bookmark: _Toc473640739][bookmark: _Toc473640791][bookmark: _Toc473910663][bookmark: _Toc473910681][bookmark: _Toc473910726][bookmark: _Toc473926544][bookmark: _Toc473927465][bookmark: _Toc473927640][bookmark: _Toc473928462][bookmark: _Toc473928710][bookmark: _Toc477535813][bookmark: _Toc477684806][bookmark: _Toc478032674][bookmark: _Toc478033012][bookmark: _Toc478033093][bookmark: _Toc478033487][bookmark: _Toc478116630][bookmark: _Toc478131482][bookmark: _Toc478156360][bookmark: _Toc478158694][bookmark: _Toc478160184]RAN2 discuss whether or not larger number of priorities levels of data in BSR is needed in NR.
BSR triggering
In LTE, when a data arrival on the equal or lower priority logical channel takes place while BSR has already been triggered, new BSR does not get triggered. In this case, new BSR may not be reported in the received grant because the grant size may not have enough space. This will cause the UE to start a scheduling request after the expiry of the periodicBSR-Timer. 
[bookmark: _GoBack]This issue can be resolved by configuring shorter periodicBSR-Timer but may not be preferred because frequent BSR is not desirable. In this case, this issue may not be a significant as network can also over-allocate grant size for higher priority LCGs. Then it is possible for UE to send more data or BSR padding of the equal or lower priority logical channel.
[bookmark: _Toc477535815][bookmark: _Toc477684808][bookmark: _Toc478032676][bookmark: _Toc478033014][bookmark: _Toc478033095][bookmark: _Toc478033489][bookmark: _Toc478116632][bookmark: _Toc478131484][bookmark: _Toc478156362][bookmark: _Toc478158695][bookmark: _Toc478160185]LTE baseline BSR triggering condition is considered in NR.
Summary 
Based on the above discussion, we have following observations:
Observation 1 Due to the variety of services (eMBB, URLLC etc.) supported by NR, it is beneficial for the eNB scheduler to know the priority of the SR which allows the gNB to prioritize UL resources among the UEs.
Observation 2 RAN1 input is required to determine how many bits are feasible in the UCI format for SR.
Observation 3 For low latency service or high priority services, over-allocating grant is not a significant issue. Therefore, SR for service differentiation is preferred over the SR for low latency services.
Observation 4 2 levels or 4 levels of service differentiation can be considered.
Observation 5 In terms of resource efficiency and robustness to channel condition, on/off SR option is better than mulit-bit SR option for service differentiation.
Observation 6 Higher number of LCGs than supported in LTE can be defined for supporting finer granularity of priorities of data in BSR.
Observation 7 Logical channel identity based BSR can also be defined for finer granularity of the priorities of data.
Observation 8 Currently supported 4 levels of priorities can be baseline for NR. More number of priority levels may be considered if there is demand to have finer granularity.
Observation 9 If more levels of priorities of data in BSR are necessary, new flexible and efficient BSR formats enabling reporting of larger number of types/priorities of data will be required.
Based on these observations and discussion, we propose:
Proposal 1.	SR for service differentiation is considered as an SR enhancement.
Proposal 2.	Multiple on/off SR configuration(s) is considered to achieve the SR for service differentiation.
Proposal 3.	RAN2 discuss whether or not larger number of priorities levels of data in BSR is needed in NR.
Proposal 4.	LTE baseline BSR triggering condition is considered in NR.
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