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1   Introduction and motivation
Multiple recent RAN2 contributions highlighted the need for enhancements to UL scheduling in NR, see [1] – [4]. In NR, the radio network will need to support very different types of services: in NR Phase-I simultaneous support is guaranteed for eMBB and URLLC. Based on recent RAN2 discussions it is reasonable to assume that URLLC and eMBB can be deployed using different numerologies. For this case, we would ideally want an uplink grant which can be allocated with appropriate size and physical layer numerology based on underlying QoS requirement, and also UP latency improvement should be made possible because of the knowledge of different underlying TTI values. The existing SR/BSR mechanism can therefore be viewed as sub-optimal for multiple numerology support as it lacks support for these features. In support of this statement is also the observation that for the multiple numerology scenario, a UE may not multiplex data from all logical channels into one single MAC PDU [4], resulting in inefficiencies if the existing SR/BSR mechanisms are applied in NR.
Even for the case of single numerology with multiple QoS requirements (e.g. URLLC applications), the existing SR/BSR mechanism is in some cases prohibitive. Some gain could be achieved in the speed (and accuracy) of uplink resource size allocation if the QoS requirements were communicated to the gNB sooner, even when the value of the TTI is fixed.
To alleviate the above issues, some recent studies in RAN2 have looked at contention-based UL data transmission in NR without SR/BSR. However, we agree with the views expressed in [1]-[4] that enhancements to SR/BSR mechanism should be studied by RAN2. In this tdoc we however argue that RAN2 SR enhancements should only be considered after careful analysis. If SR enhancements are then shown to be required to support multiple numerologies, RAN2-based solutions can then be considered, and we outline avenues that we propose for further study.
2   Existing proposals
All that SR currently does is tell the network that the UE has BSR to send but does not have enough resource for the BSR itself; it does not say anything about the amount of data in the buffers itself. Most SR/BSR enhancements recently proposed focus on getting the information on the data in the buffers to the gNB sooner than what the current procedure allows. Conceptually, the idea is for the SR framework to be modified to allow differentiation in uplink grant requirement for different QoS or numerology. From what was already submitted to RAN2, this could either mean sending more information using the SR itself, or sending the SR more frequently, or both. Proposals already presented therefore center around 2 key avenues: 
· allowing SR to carry more bits; and

· increasing frequency of SR resources.
Allowing the SR to carry more bits would enable more detailed information to be provided, going as far as emulating BSR content [3] – at the expense of increased UL resource being spent (potentially quite significant if full BSR is being reported using SR) and with the additional complication mentioned above that for NR a MAC PDU may consist of data from only one specific logical channel. Increasing frequency of SR resources [1], [3] is of course useful when the data itself is of known periodicity – but the question is whether SPS could work equally well here.
We show in the remainder of this document why we feel alternative enhancements should also be considered for the further study (should such a study be agreed in RAN2), most notably: the indication of buffer status using different dedicated SR resources for each use case; using the same SR resource for all use cases but sending a different message; enhancing SR RACH procedure; or a combination of all three.
3   Modified SR: study proposals
What is common to our proposals is that the UE indicates to the network via a modified SR procedure that it has data of a certain type (e.g. eMBB), thus allowing the network to allocate an appropriate UL resource size including adequate TTI in the numerology supporting the given data type. In essence the idea is for SR indicate more things about the BSR itself, e.g. if it is long or short, or even more information, such as the type of data (e.g. indicating the numerology ‘type’ and/or LC groupings inside the BSR itself). In essence we propose a ‘merging’ of sorts of SR and BSR functionalities to reduce the latency – and this underlying theme is common to proposals reviewed in previous section. In the case of our study proposals, however, we put it forward that – if SR support for indication of numerology/logical channel is agreed by RAN2 – then multiple SR resources can be configured for a UE. The possible avenues for further exploration can broadly be split into 3 approaches:

Different dedicated SR radio resources for each use case
Essentially, the network provides separate SR configuration for each use case. Different numerologies are therefore mapped onto designated SR resources. A number of open issues for further study present themselves, including the choice of SR configuration, trade-offs in amount of signalling, prioritization of use cases, to name a few.
Same dedicated SR radio resource for all numerologies
SR transmission would in this case contain explicit information of target use case (e.g. numerology index). Many of the open issues for further study are similar to the previous approach. It should further be noted that the possibility to support this feature is dependent on RAN1 agreement on design of SR itself.
Use of SR RACH to indicate UE buffer status
UE is currently allowed to use RACH to send an SR even if it is already uplink-synchronized, provided no resources are currently scheduled for SR. Given that RAN2 is discussing various options for RACH design in a multi-numerology deployment, we envisage that enhancements to SR RACH procedure could also be studied to enable early indication of UE buffer status. More specifically, for data traffic which is not periodic (or is of unknown periodicity) and/or which occurs relatively infrequently, SR RACH procedure is a viable alternative to dedicating more bits and/or more frequent resources to SR. 
4   Conclusion
This paper discussed limitations of current SR/BSR mechanism to support efficient, prompt and accurate UL resource allocation by the gNB, in a multi-QoS, multi-numerology scenario. Building on the significant existing support for further work on enhancements to SR/BSR mechanism for NR, we outlined some existing proposals and their shortcomings before showing additional possibilities for allowing the network to allocate an appropriate UL resource size including adequate TTI based on enhanced SR. Based on this we propose:
Proposal 1:
SR enhancements for multiple numerology should be considered after careful analysis. If SR enhancements are found to be required to support multiple numerologies, then RAN2 based solutions can be considered.
Proposal 2:
The RAN2-based solutions should consider various ways of supporting early indication of numerology and UL grant size requirement.
Proposal 3:
This study should identify ways of early indication to gNB of the UE buffer status (e.g. the numerologies, QoS, amount of data in UE buffers) and their advantages and disadvantages. 
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