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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 RAN2#97bis meeting [1], following agreement was made regarding SR and BSR enhancement.
RAN2 Agreements on SR/BRS
-	The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   
-	The existing LTE BSR framework is used as baseline for NR BSR framework.  Further enhancements at least related to numerologies and granularity and can be further discussed,
  

In this document, we discuss the motivation behind the SR and BSR enhancements and details on what level of information is desirable in SR and BSR considering the number of different services UEs are supporting. We also discuss if a new BSR triggering condition is required for URLLC services.
[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 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 carry more information about the characteristic of data being queued at the UE buffer. It is because UE might be able to get priority to get UL grant or get over-allocated grant to transmit all the data in without waiting for the next UL grant received based on BSR.  
NR will support a 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. 
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Based on the last RAN2 agreement [1], numerology/TTI length of the logical channel that triggered the SR can be indicated in the enhanced SR. However, to minimize the amount of information carried by SR, the enhanced SR can indicate the information required for gNB to distinguish at least the logical channel group (LCG) of a logical channel (LCH) that triggered the SR. For example, SR can just indicate the higher priority or lower priority LCG which would require 1 bit in SR or two SR configurations. 
[bookmark: _Toc481162366][bookmark: _Toc481162461][bookmark: _Toc481398520][bookmark: _Toc481399540][bookmark: _Toc481408632][bookmark: _Toc481784849][bookmark: _Toc481790187]The enhanced SR could carry information required for gNB to distinguish at least the LCG of a LCH that triggered the SR.
The information carried by the enhanced SR can be implied by a resource exclusively allocated to transmit the SR triggered by a LCH belonging to a LCG. For this purpose, multi-bit SR can also be considered to transmit the information as payload. Depending on network configuration (i.e how LCHs are associated to the LCGs), it is possible for the LCG to be used to imply a numerology/TTI. Hence gNB also becomes aware of the numerology/TTI associated to the LCH that triggered the SR.
[bookmark: _Toc481162377][bookmark: _Toc481162472][bookmark: _Toc481398531][bookmark: _Toc481399551][bookmark: _Toc481408643][bookmark: _Toc481784857][bookmark: _Toc481790195]An enhanced SR distinguishes the LCG of a LCH that triggered the SR to imply numerology/TTI or high/low priority of the LCH.
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As discussed, SR can be used to indicate the gNB to differentiate that grant is being requested for a high/low priority LCH. However, the design depends on how many levels of differentiation is required. As higher number of differentiation would not be desirable due to resource inefficiency, 2 levels or 3 levels or 4 levels of differentiation can be considered. For example, for 4 levels of differentiation, 4 LCGs can be indicated and for 3 levels, 3 LCGs belonging to URLLC, RRC signaling and others can be indicated.
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To achieve the differentiation, we can consider following options.
Option #A Multiple SR configurations for LCG indication: Each resource configuration (time and frequency) belongs to a LCG. 
Option #B multi-bit SR for LCG indication: The payload carries the information of LCG.
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. It is not preferred if UE is supporting at least eMBB 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. 
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Multi-bit SR indicating coarse BSR for URLLC services
With the multiple SR configurations, gNB is able to distinguish the SR whether it was triggered by the LCH of a LCG belonging to high priority or low latency services or a numerology/TTI. For example, there can be three levels of resource configurations (time and frequency) each for LCGs belonging to URLLC services, high priority signaling and others. Note that a UE could be configured with all or selective resource configurations. In addition to identifying the LCG belonging to URLLC services, it may also be important to carry information of the buffer status belonging to the LCG to reduce the delay in SR to BSR procedure. The network can estimate the size of UL grant (e.g., TBS and MCS) based on the contention-free BSR or coarse buffer status information carried by the SR. 


Figure 1 SR resources with different periodicity
[bookmark: _Toc481162371][bookmark: _Toc481162466][bookmark: _Toc481398525][bookmark: _Toc481399545][bookmark: _Toc481408637][bookmark: _Toc481784852][bookmark: _Toc481790190]The network can estimate the size of UL grant based on coarse buffer status information carried by the SR.
For LCHs belonging to URLLC, other options such as grant-free BSR and SPS can also be considered. However, we understand that the shared resources may need to be used for this purpose and the latency requirement may not be met. Therefore, multi-bit SR can be considered as an option to carry the coarse BSR in the resources exclusively allocated for the LCG of LCH belonging to the URLLC services. How many bits to consider for carrying the coarse buffer status can be further discussed. It is understood that multi-bit SR could consume significant resource to achieve same level of reliability as that of legacy SR.
[bookmark: _Toc481162380][bookmark: _Toc481162475][bookmark: _Toc481398534][bookmark: _Toc481399554][bookmark: _Toc481408646][bookmark: _Toc481784859][bookmark: _Toc481790197]Multi-bit SR can be considered as an enhancement to meet a latency requirement of a URLLC service by carrying the coarse BSR only in the resources exclusively allocated for the LCG of a LCH belonging to the service.
BSR enhancements
Higher number of granularities 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. There are 4 LCGs that can be reported in BSR. In NR, more number of LCGs may be defined to report the finer granularity of the data priorities depending on the number of logical channels or types of services to be supported. Note that BSR may not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG as it is up to the network to map a logical channel to a particular numerology/TTI length.
[bookmark: _Toc481162372][bookmark: _Toc481162467][bookmark: _Toc481398526][bookmark: _Toc481399546][bookmark: _Toc481408638][bookmark: _Toc481784853][bookmark: _Toc481790191]BSR may not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG as it is up to the network to map a logical channel to a particular numerology/TTI length.
In NR, higher granularity 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 groups (LCG) are defined to group the logical channels associated with different priorities. 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.
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 numerology/TTI or a service. 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, however, it will require more bits in BSR than BSR per LCG.
[bookmark: _Toc481784854][bookmark: _Toc481790192]Higher number of LCGs than supported in LTE can be defined for supporting finer granularity of priorities of data to be reported in BSR.
For the design of BSR to support higher number of LCGs, a new design of BSR format is required to achieve a flexible and efficient BSR reporting mechanism in NR. A drawback of the current method is that it is not flexible to transmit the BSR corresponding to two to (max-1) LCGs.  Therefore, whether or not more than 4 LCGs to be reported in BSR 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 grouped into 4 LCGs and current LTE-based BSR format is reused in NR. For example, logical channels associated with SRBs, URLLC, VoIP and others can be grouped to LCG 0, 1, 2 and 3 respectively. 
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[bookmark: _Toc478032670][bookmark: _Toc478033483][bookmark: _Toc478116626][bookmark: _Toc478158689][bookmark: _Toc478160181][bookmark: _Toc481162376][bookmark: _Toc481162471][bookmark: _Toc481398530][bookmark: _Toc481399550][bookmark: _Toc481408642][bookmark: _Toc481784856][bookmark: _Toc481790194]If more number of LCGs to be reported in BSR are necessary, new flexible and efficient BSR formats enabling reporting of larger number of types/priorities of data will be required.
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BSR triggering
In LTE, when a data arrival on the equal or lower priority logical channel takes place while BSR has already been triggered and UE is waiting for UL grant, new BSR does not get triggered. In this case, new BSR may not be reported in the received UL grant and the UL grant may not have enough space to transmit more data. This will cause the UE to start a scheduling request after the expiry of the retxBSR-Timer. 
This issue can be resolved by configuring shorter retxBSR-Timer but frequent SR triggering may not be desirable. However, for URLLC service to meet the latency requirement, new retxBSR-Timer can be defined and used with shorter periodicity for a LCH associated with the URLLC service. The legacy retxBSR-Timer can be used for other services with longer periodicity. On the other hand, similar to shorter periodicBSR-Timer, generation of BSR MAC CE for each UL grant may not also be desirable.
In other option, a new BSR triggering condition can be defined. A regular BSR is always triggered if new UL data becomes available in the logical channel of a LCG belonging to the URLLC service regardless of its priorities or prior data availability. However, it is possible that network can also over-allocate UL grant for higher priority LCG. Then it is possible for UE to send more data or BSR padding.
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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 The enhanced SR could carry information required for gNB to distinguish at least the LCG of a LCH that triggered the SR.
Observation 3 2 to 4 levels of differentiation can be considered in SR.
Observation 4 In terms of resource efficiency and reliability, multiple SR configuration is better than multi-bit SR for LCG indication when a UE supports at least eMBB services.
Observation 5 The network can estimate the size of UL grant based on coarse buffer status information carried by the SR.
Observation 6 BSR may not need to carry explicit information specific to numerology/TTI length as this can be implied by the LCG as it is up to the network to map a logical channel to a particular numerology/TTI length.
Observation 7 Higher number of LCGs than supported in LTE can be defined for supporting finer granularity of priorities of data to be reported in BSR.
Observation 8 Currently supported 4 LCGs can be baseline for NR. More number of LCGs to be reported in BSR may be considered if there is demand to have finer granularity.
Observation 9 If more number of LCGs to be reported 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.	An enhanced SR distinguishes the LCG of a LCH that triggered the SR to imply numerology/TTI or high/low priority of the LCH.
Proposal 2.	Multiple SR configuration(s) is considered to achieve the SR enhancement. It can be further discussed on the number of SR configurations supported.
Proposal 3.	Multi-bit SR can be considered as an enhancement to meet a latency requirement of a URLLC service by carrying the coarse BSR only in the resources exclusively allocated for the LCG of a LCH belonging to the service.
Proposal 4.	Four LCGs to be reported in BSR is baseline in NR. For more than four LCGs, more justification and discussions would be required.
Proposal 5.	LTE baseline BSR triggering condition is considered in NR. RAN2 discuss if new BSR triggering timer/condition is needed for the URLLC services.
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