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1 Introduction

In last RAN2 meeting, issues related to whether to use multi-bits or multiple SR configurations to distinguish numerology/TTI and whether SR needs to carry information on buffer status report were discussed and the following agreements were achieved[1]:

Agreements

1.
Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR. The granularity of SR configuration for a logical channel is FFS.

2. 
From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.  

3.
RAN2 does not see the need to convey buffer status information.  

4. 
Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.
However there are still some remaining issues regarding the support of multiple SR configurations. In this contribution, we will discuss about these issues and provide our proposals.
2 Discussion
2.1 SR configuration

Based on current TS 36.331, in LTE, SR configuration includes sr-PUCCH-ResourceIndex which indicates the PUCCH resources for SR transmission, sr-ConfigIndex which indicates the transmission periodicity and SR subframe offset and dsr-TransMax which indicates the maximum SR transmission counter. Since the motivation to introduce multiple SR configuration is to distinguish numerology/TTI, it seems sufficient to utilize different PUCCH resources and periodicity to make a distinction among different numerologies/TTIs. However, since we already agreed to use what we used in LTE as a baseline and it is not reasonable to count SR for different numerologies/TTIs in together, SR configuration should also consist of the maximum SR transmission counter. Therefore, we propose RAN2 to confirm that:
Proposal 1: In NR, SR configuration at least includes sr-PUCCH-ResourceIndex, sr-ConfigIndex and dsr-TransMax. 
2.2 Multiple SR configuration
We have already agreed to introduce multiple SR configurations for a UE. This is because in NR we introduce multiple numerologies/TTIs to support various services. In order to assist the gNB in scheduling, SR transmission is utilized to indicate on which numerology/TTI a UL grant is requested. That is to say, network should be able to configure an SR configuration for UE to request the need of transmission on a particular numerology/TTI. Upon reception of this SR, the gNB is aware of the numerologies/TTIs the UE is requesting and can then allocate UL grant with satisfactory numerology/TTI. Therefore, the SR configuration should have some mapping relation with the numerology/TTI and parameters included in SR configuration can be set differently for various numerologies/TTIs. In addition, as in LTE, SR configuration is some part of physical configuration and is contained in PhysicalConfigDedicated. 
Proposal 2: SR configuration is numerology/TTI specific configuration and contained in PhysicalConfigDedicated. As already mentioned, dsr-TransMax is included in the basic SR configuration and is proposed to be configured per numerology/TTI. Therefore, the SR transmission is counted independently per numerology/TTI. 

Proposal 3: SR_COUNTER is counted independently per numerology/TTI.
In LTE, when SR_COUNTER reaches the maximum value, it is requierd to release PUCCH resource and SRS resource for all seving cells, clear any configured downlink assignments and uplink grants, initiate a Random Access procedure and cancel all pending SRs. 
In NR, as already proposed, SR transmission is counted independently per numerology/TTI. When one certain SR_COUNTER reaches the maximum value, it is not fair to release PUCCH resource for all serving cells. Therefore it is proposed that in this case MAC indicates RRC the LCH triggering the associated SR and RRC releases the corresponding PUCCH resource, downlink assignments and uplink grants according to this information. 
Proposal 4: When one certain SR_COUNTER reaches the maximum value, MAC indicates RRC the LCH triggering the associated SR. 
Besides the basic SR configuration mentioned in the previous section, some enhanced parameters related to SR are included in MAC main configuration or LogicalChannelConfig, for example, sr-ProhibitTimer. 
In LTE, one common sr-ProhibitTimer is used to prohibit the retransmission of the SR. If a UE fails in SR transmission or UL grant acceptation, the UE has to wait until the sr-ProhibitTimer expires to transmit a new SR. However, in NR this may not be acceptable for some latency-sensitive traffic of the UE. The detailed analysis is as below. 
The QoSs of different logical channels (services) are different. For example, URLLC has tighter latency requirement than MBB. When a URLLC service triggers a SR, the required UL grant should be mapped to a numerology/TTI with short latency. On the other side, for MBB service, a UL grant with a numerology/TTI of long latency is enough. The same principle applies to the prohibition of SR. A SR requiring a UL grant with a numerology/TTI of short latency needs to have shorter SR prohibit timer than that requiring a UL grant with a numerology/TTI of long latency. In that case, upon SR transmission failure, SR retransmission can be performed timely to meet the latency requirement for some service. Therefore, similar as basic SR configuration, SR prohibit timer should also be configured per numerology/TTI. 
Proposal 5: In NR, multiple sr-ProhibitTimer can be configured to the UE and which sr-ProhibitTimer is used depends on which SR configuration is used.
Proposal 6: sr-ProhibitTimer is configured per numerology/TTI. 
2.3 Association between LCH and SR configuration
Given that there may be multiple SR configurations, network needs to configure associations between LCHs and SR configurations. Two options can be considered as illustrated in Figure 1. As in eLAA, we introduce one IE “laa-Allowed-r14” in LCH configuration to indicate whether this LCH is allowed to transmit on unlicensed spectrum. Similar principles can be applied to indicate the association between LCH and SR configurations, e.g. adding one indication in RRC configuration. However, as for the detailed design of this indication, e.g. explicit SR configuration indication or implicit SR configuration through numerology/TTI index, it should be discussed in the common CP session. 
Option 1: SR configuration is associated with LCH

For this option, one certain SR configuration is associated with one LCH and the association is configured via RRC signalling. Upon addition of a new LCH, explicit or implicit SR configuration is indicated in LCH configuration. Upon reception of this SR, gNB is aware of the numerologies/TTIs the UE is requesting to transmit on. 
Option 2: SR configuration is associated with LCG
For this option, one certain SR configuration is associated with one LCG. LCHs included in the LCG are all associated with this SR configuration. This option may have some impact on LCG grouping considering all LCHs inside the LCG shares one SR configuration. In addition, the association between LCG and SR configuration should be added separately.  
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Figure 1

Taking complexity into account, we propose to associate SR configuration with LCH. 
Proposal 7: SR configuration is associated with each LCH. 
Proposal 8: RRC signalling is used to configure the association between LCH and SR configuration.

Proposal 9: Detailed design of the RRC signalling should be discussed in common CP session.

2.4 SR procedure

In LTE, there is at most one ongoing SR since the SR is used to request UL resource for BSR transmission, there is no need to perform multiple SR transmissions simultaneously. In NR, similar principle can also be adopted considering power consumption as well as complexity. Therefore, it is proposed that:

Proposal 10: There is at most one ongoing SR procedure at any time. 

When a BSR is triggered due to new or higher priority data arrival of a LCH, if there is no available UL resource and logicalChannelSR-ProhibitTimer is not running, SR is triggered. In that case, how to choose the SR configuration to perform this SR transmission needs to be determined after we make a decision on the granularity of SR configuration. Actually, ever though the SR is triggered by a LCH, if there are other LCHs with higher priority data for transmission, considering to request UL grant with satisfactory numerology/TTI for these LCHs, it is reasonable to perform the SR transmission utilizing the SR configuration associated to the LCH with highest priority data. 
An example is illustrated in Figure 2. Upon SR triggering due to new data arrival of LCHn, LCH1 and LCH2 still have data for transmission, since LCH1 has the highest priority among LCHs having data for transmission and LCH1 is associated with SR configuration 1. Then SR is transmitted on certain PUCCH resource with certain periodicity of SR configuration 1. In addition, if there are multiple LCHs with the same highest priority data for transmission, it is proposed to choose the SR configuration with earliest PUCCH resource. 
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Figure 2 

Proposal 11: SR is transmitted utilizing the SR configuration associated to the LCH with highest priority data for transmission. 

Proposal 12: If there are multiple LCHs with the same highest priority data for transmission, UE chooses the SR configuration with earliest SR resource to transmit SR, among the SR configurations these LCHs associated with.
Proposal 13: MAC decides the LCH and chooses the corresponding SR configuration, then indicates PHY to transmit SR with the selected SR configuration. 
In LTE, when a BSR is triggered and the corresponding SR is triggered and transmitted, during waiting for UL grants, if new data with higher priority arrives, a new BSR is triggered and a new SR is triggered and pending. There is no difference among the pending SRs since all SRs are used to request the same type of UL grants. However, in NR, due to the introduction of multiple numerologies/TTIs and since we already agreed that the SR should at least distinguish the numerology/TTI, one pending SR may be different from another one. An example is shown as below. When LCH1 has new data for transmission, BSR is triggered and the corresponding SR is triggered and transmitted using the SR configuration associated with LCH1. During waiting for UL grants, if new data with higher priority arrives for LCH2, a new BSR as well as SR are triggered, in order to request UL grant with satisfactory numerology/TTI for LCH2, it is proposed to continue transmitting SR using the SR configuration associated with LCH2. 
Proposal 14: Pending SR triggered by LCH with higher priority overlaps pending SR triggered by LCH with lower priority. 
2.5 SR cancellation

As already agreed, the SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR. That is to say, SR is used to request a grant for resource with a specific numerology/TTI. If resource with the same or shorter latency than that of the specific numerology/TTI is received and a corresponding BSR is assembled, all pending SR(s) for a specific numerology/TTI shall be cancelled. Because the resource received can already meet the latency requirement.
Proposal 15: All pending SR(s) for a specific numerology/TTI shall be cancelled if resource with the same or shorter latency than that of the specific numerology/TTI is received and a corresponding BSR is assembled.

As stated above, SR_COUNTER should be counted independently, i.e. per numerology/TTI. Thus, if all pending SR(s) for a specific numerology/TTI are cancelled, the MAC entity shall set the realted SR_COUNTER to 0.
Proposal 16: If all pending SR(s) for a specific numerology/TTI are cancelled, the MAC entity shall set the related SR_COUNTER to 0.
3 Conclusion

In this contribution, we present our view on SR enhancements with multiple numerologies from RAN2 perspective and have the following proposals
Proposal 1: In NR, SR configuration at least includes sr-PUCCH-ResourceIndex, sr-ConfigIndex and dsr-TransMax. 

Proposal 2: SR configuration is numerology/TTI specific configuration and contained in PhysicalConfigDedicated.

Proposal 3: SR_COUNTER is counted independently per numerology/TTI.

Proposal 4: When one certain SR_COUNTER reaches the maximum value, MAC indicates RRC the LCH triggering the associated SR. 
Proposal 5: In NR, multiple sr-ProhibitTimer can be configured to the UE and which sr-ProhibitTimer is used depends on which SR configuration is used.

Proposal 6: sr-ProhibitTimer is configured per numerology/TTI. 

Proposal 7: SR configuration is associated with each LCH. 
Proposal 8: RRC signalling is used to configure the association between DRB and SR configuration.

Proposal 9: Detailed design of the RRC signalling should be discussed in common CP session. Proposal 10: There is at most one ongoing SR procedure at any time.

Proposal 11: SR is transmitted utilizing the SR configuration associated to the LCH with highest priority data for transmission. 

Proposal 12: If there are multiple LCHs with the same highest priority data for transmission, UE chooses the SR configuration with earliest SR resource to transmit SR, among the SR configurations these LCHs associated with.
Proposal 13: MAC decides the LCH and chooses the corresponding SR configuration, then indicates PHY to transmit SR with the selected SR configuration. 
Proposal 14: Pending SR triggered by LCH with higher priority overlaps pending SR triggered by LCH with lower priority. 
Proposal 15: All pending SR(s) for a specific numerology/TTI shall be cancelled if resource with the same or shorter latency than that of the specific numerology/TTI is received and a corresponding BSR is assembled.

Proposal 16: If all pending SR(s) for a specific numerology/TTI are cancelled, the MAC entity shall set the related SR_COUNTER to 0.
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