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Discussion and decision
1 Introduction
In RAN2 NR AH #2 [1], it is agreed to have a mapping between LCHs and SR configuration. 
Agreements:

1. In case multiple SRs are configured, for each LCH, there will be a mapping between LCHs and SR configuration and the mapping should be configured by RRC signalling.  FFS if grouping is needed.  
2. A logical channel can be mapped to none or one SR configuration.  FFS if a logical channel can be mapped to more than one SR configuration.  

In this paper we provide our view on the two FFS in the previous meeting, and address the remaining issues of SR design to support multiple numerologies. 
2 Discussion
2.1 Association between LCHs and SR configuration
In RAN2 NR AH #2 [1], we have agreed to have association between LCHs and SR configuration, and it is FFS whether we support N-to-1 and 1-to-N mapping between LCHs and SR configuration.

· N-to-1 mapping between LCHs and SR configuration

N-to-1 mapping enables the network to save configured PUCCH resource. That is, network can configure N LCH into a group (e.g. LCG) and assign the group with a distinct SR configuration, rather than assign each LCH with a distinct SR configuration. 
Moreover, notice that in legacy LTE BSR, buffer status is reported in the granularity of a LCG. If NR applies per LCG BSR report as in LTE, it is natural for SR configuration to be configured per LCG, i.e., when network detect data arrival of a LCG by the corresponding SR, the network provides UL grant to receive the BSR of the LCG.
Observation 1: Mapping multiple LCHs to one SR configuration save dedicated SR resource.
· 1-to-N mapping between LCHs and SR configuration

1-to-N mapping means that when a LCH has data arrival, it can trigger SR signaling on multiple SR configurations. The only benefit is that this may reduce UE waiting time for coming SR resource. However, if latency is a concern for the LCH, the network could just configure the LCH with a short-periodicity SR configuration. Thus, to simplify configuration complexity, there is no need to support 1-to-N mapping between LCHs and SR configuration unless valid use cases are addressed.
Observation 2: There is no clear benefit to associate a LCH with more than one SR configuration.
Proposal 1: Multiple LCHs could be mapped to the same SR configuration. SR configuration per LCG could be considered.
Proposal 2: One LCH is not mapped to more than one SR configuration unless a valid use case is addressed.
2.2 SR Timer Granularity
In LTE, timers and counters for scheduling request includes SR_COUNTER, dsr-TransMax, and sr-ProhibitTimer.
· sr-ProhibitTimer: in LTE, sr-ProhibitTimer controls the time interval between neighboring SR transmission and thus is directly related to SR latency. Based on our proposed 1 and 2, different SR configurations are associated with different LCHs, and thus each distinct SR configurations should have separate sr-ProhibitTimer to satisfy the latency requirement of its associated LCHs. This means sr-ProhibitTimer should be per SR configuration.

Proposal 3: sr-ProhibitTimer is per SR configuration.

· SR_COUNTER and dsr-TransMax: in LTE, SR_COUNTER is used for MAC to detect whether it suffers from an uplink transmission problem, i.e., if SR_COUNTER reaches dsr-TransMax, UE should release all configured PUCCH resource for SR and initiate RACH procedure. Following the same principle, in NR SR_COUNTER should be incremented per PUCCH transmission regardless of on which SR configuration or numerology the PUCCH is configured. Therefore, SR_COUNTER and dsr-TransMax should be per MAC entity.
Proposal 4: SR_COUNTER and dsr-TransMax is per MAC entity.

If SR_COUNTER and dsr-TransMax is per MAC entity, we could directly apply the legacy procedure when SR_COUNTER reaches dsr-TransMax, i.e., 

· notify RRC to release PUCCH for all serving cells;
· notify RRC to release SRS for all serving cells;
· clear any configured downlink assignments and uplink grants;
· initiate a Random Access procedure on the SpCell and cancel all pending SRs.
Proposal 5:  Apply legacy procedure in LTE as baseline when SR_COUNTER reaches dsr-TransMax.

2.3 Handling of SR signaling for multiple SR configurations
There are two ways to signal SR when pending SRs from multiple SR configurations are present.
· Alternative 1. Allow only the highest-priority pending SR to signal SR transmission

In this alternative, MAC will compare the priority of pending SR, and signal SR on only the PUCCH of the SR configuration corresponding to the highest-priority pending SR. To determine SR priority, some rules should be specified. For example, to guarantee QoS of LCHs, a pending SR has a higher priority if it is triggered by the data arrival of a higher-priority LCH. 

· Alternative 2. Allow all pending SRs to signal separate SR transmissions on the corresponding SR configurations
In this alternative, MAC signal SR on PUCCHs of those SR configurations with pending SR, i.e., MAC will sequentially signal SR according to the time arrival order of PUCCH of those SR configuration with pending SR.
We prefer alternative 2 for the following reasons:

· Utilize reserved SR resource. PUCCH for multiple SR configurations is already reserved, and will be wasted if not used. So it is good if UE could signal more SR indication for different SR configurations.
· Less waiting time for UL grant provisioning. If SR could be signaled by multiple pending SR on different SR configurations, SR will be signaled more frequently. In this way, UE is likely to get UL grant earlier or detect uplink problem earlier.

Observation 3: Allowing SR signaling for all pending SRs corresponding to different SR configurations could reduce waiting time for UL grant without additional PUCCH consumption.
Proposal 6: MAC signal SR transmission for all pending SRs corresponding to different SR configurations.
2.4 Handling of Coincidental PUCCH Transmission
Since we propose to allow separate SR transmission on different SR configuration, a question is how to handle the situation that multiple PUCCHs from different SR configurations with pending SR are overlapped in time.
We have 3 alternatives:

· Alternative 1: UE can signal SR on multiple PUCCH overlapped in time

· Alternative 2: UE can signal SR on at most one PUCCH at a time, and how to select the PUCCH from multiple overlapped PUCCH is left to UE implementation.

· Alternative 3: UE can signal SR on at most one PUCCH at a time, and in MAC spec we specify SR prioritization rule for UE to select the PUCCH from multiple overlapped PUCCH.

In alternative 1, MAC instruct PHY to signal SR on multiple overlapped PUCCH, and PHY may adjust power or drop some PUCCH transmission due to power control issue, e.g., maximum power limit.

· Benefit 
Network can know more information about UE’s data arrival. However, since the network still does not know the exact amount of arrival data in each LCHs, UE still needs to report BSR. So, probably network may still provide UL grant to the UE based on the highest-priority LCHs with data arrival, and thus the benefit is minor. 
· Cost
Alternative 1 complicates the handling of PUCCH transmission in PHY. Moreover, we may need additional signaling for PHY to tell MAC which PUCCH is signaled or dropped, or a signaling to tell PHY which PUCCH is with the highest priority to be transmitted. Without these design, MAC does not know which PUCCH is really signaled out, and thus cannot update its SR state parameter accordingly. Further, uncertain PUCCH transmission also eliminates the benefit of providing more buffer information to the network.

Observation 4: Signaling multiple PUCCH for SR in overlapped time domain has little benefit but complicates MAC and PHY handling.
In alternative 2, MAC always select one PUCCH if in one TTI there are multiple overlapped PUCCH available. Since PUCCH selection is up to UE implementation, there is no need to specify the rule of SR selection in MAC spec. However, there is risk that UE select one PUCCH corresponding to a low-priority LCHs while there is data available in high-priority LCHs.
In alternative 3, MAC specifies the rule for UE to select the PUCCH, e.g., UE select the PUCCH of the SR configuration corresponding to a higher-priority LCHs. Compared to alternative 1 and 2, alternative 3 guarantees simple MAC and PHY operation with acceptable MAC spec effort.
Proposal 7: When multiple SR configurations have pending SR and have overlapped PUCCH in time, UE select the PUCCH of one SR configuration to ensure the QoS of highest-priority data could be fulfilled. FFS the details of PUCCH selection rule.
3 Conclusions
In this contribution, we address the remaining issues of SR design to support multiple numerologies. We have the following observation.
Observation 1: Mapping multiple LCHs to one SR configuration save dedicated SR resource.

Observation 2: There is no clear benefit to associate a LCH with more than one SR configuration.
Observation 3: Allowing SR signaling for all pending SRs corresponding to different SR configurations could reduce waiting time for UL grant without additional PUCCH consumption.
Observation 4: Signaling multiple PUCCH for SR in overlapped time domain has little benefit but complicates   MAC and PHY handling.

Based on observations, we have proposals as below

Proposal 1: Multiple LCHs could be mapped to the same SR configuration. SR configuration per LCG could be considered.
Proposal 2: One LCH is not mapped to more than one SR configuration unless a valid use case is addressed.
Proposal 3: sr-ProhibitTimer is per SR configuration.

Proposal 4: SR_COUNTER and dsr-TransMax is per MAC entity.

Proposal 5: Apply legacy procedure in LTE as baseline when SR_COUNTER reaches dsr-TransMax.

Proposal 6: MAC signal SR transmission for all pending SRs corresponding to different SR configurations.

Proposal 7: When multiple SR configurations have pending SR and have overlapped PUCCH in time, UE select the PUCCH of one SR configuration to ensure the QoS of highest-priority data could be fulfilled. FFS the details of PUCCH selection rule.
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