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Introduction
In #RAN2 Ad Hoc held on 27th – 29th June 2017, some agreements related to SR were reached. 
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.  
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Using LTE SR concept as the baseline, this contribution further analyses some possible enhancements to support multiple SR configurations in NR. SR Failure handling is discussed in [1] and there is a corresponding text proposal in [2].
Discussion
It is agreed to introduce multiple single-bit SR configurations, where different SR resources are mapped to either different LCHs/LCGs or alternatively numerology/TTI. 
SR configuration structure
In LTE, each SR configuration carries the information highlighted as below (see 3GPP TS 36.331)
SchedulingRequestConfig ::= CHOICE {
    release NULL,
    setup SEQUENCE {
        sr-PUCCH-ResourceIndex INTEGER (0..2047),
        sr-ConfigIndex INTEGER (0..157),
        dsr-TransMax ENUMERATED {
            n4, n8, n16, n32, n64, spare3, spare2, spare1}
    }
}
where 
1) one sr-PUCCH-ResourceIndex, which identifies the PUCCH resource location, 
2) sr-ConfigIndex, which is used to determine the subframe where SR shall be transmitted. 
3) dsr-TransMax : maximum number of SR transmission count (See 36.321 5.4.4 Scheduling Request)

[bookmark: _Toc487146482][bookmark: _Toc487193091][bookmark: _Toc489438468]It is learned from above structure that 
[bookmark: _Toc489438521][bookmark: _Toc489438537][bookmark: _Toc489438597][bookmark: _Toc489438641][bookmark: _Toc490208477]Every SR configuration may contain a distinct SR resource.
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It is natural to reuse the same SR configuration structure as LTE, for NR to support multiple SR configurations per UE. It is worth noting that dsr-TransMax is configured per SR configuration, is beneficial to distinguish the “numerology/TTI type” of LCHs. The QoS differential can be achieved. For instance, the URLLC associated SR configuration can be set with a short dsr-TransMax, while eMBB associated SR configuration can be set with a long dst-TransMax. Eventually, it is up to RAN1 to determine the physical layer details of the SR configuration, such as
1) the range of the sr-PUCCH-ResourceIndex, because the number of the SR resource may be enlarged since each UE can be configured with multiple SR configurations
2) the range of SR configuration index may be increased to fit with larger number of SR configurations
3) finer granularity to SR periodicity to fit with shorter numerologies
4) SR subframe offset may be updated 
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The sr-ProhibitTimer is used to prevent the UE from transmitting a second SR too early after its previous SR attempt. It is also helpful to define SR prohibit timer per SR configuration, so each SR configuration can be applied  independently, and without interaction with other SR configurations. The SR configuration for higher priority LCG/LCHs can be set with a short SR prohibit timer, to allow the UE MAC entity to resend SR faster than other SR configurations which are used for lower priority LCG/LCHs.
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In LTE the sr-ProhibitTimer is defined in number of SR periods. We think this is a suitable definition also for NR. The value range is from 0 to 7. As we expect SR periods to be shorter in NR than in LTE it might be good to add some longer values to the timer.
[bookmark: _Toc490208483][bookmark: _Toc490208492]As in LTE the sr-ProhibitTimer is defined in number of SR periods. Additional larger values can be considered if the SR period in NR is shorter than in LTE.
In LTE, a logicalChannelSR-ProhibitTimer can be configured per logical channel to delay a SR for certain time, to avoid redundant SR transmissions. So that low priority traffic may have more chances to transmit SR and get scheduled by the network. The logicalChannelSR-ProhibitTimer is also useful for the traffic scenarios where SRs can be delayed without any impact on the performance. For those logical channels the eNB can predict the UL traffic pattern, so a grant can be assigned to the UEs without SR. The same motivation is still valid in NR. Therefore, this timer should be kept in NR. The usage of this timer is not confliting with sr-ProhibitTimer, since there may be multiple LCHs are mapped with the same SR configuration.
[bookmark: _Toc487146491][bookmark: _Toc487193087][bookmark: _Toc489438464][bookmark: _Toc489438630][bookmark: _Toc489438691][bookmark: _Toc489438724][bookmark: _Toc489990161][bookmark: _Toc490208484][bookmark: _Toc490208493]Same as LTE, logicalChannelSR-ProhibitTimer should be defined per LCH.
In LTE this timer is configured in subframes, which can be suitable also in NR, but as one millisecond equals one subframe, it can also be defined in milliseconds. As stated the purpose of the timer is to delay an SR transmission. There is probably no need in NR to allow for shorter delays than in LTE, as the gain of the timer would be less, i.e. less data have accumulated. Hence the value range in LTE should be sufficient.
[bookmark: _Toc490208485][bookmark: _Toc490208494]As in LTE, the logicalChannelSR-ProhibitTimer is defined in subframes. The LTE value range can be reused.
Mapping between LCHs and SR configurations
In case multiple SRs are configured, it has been agreed to map SR configuration to each LCH. This gives better flexibility and finer granularity for SR triggering. So, the gNB can identify the LCHs directly that must be scheduled with higher priority upon reception of SRs. The delay due to the dynamic scheduling can be reduced. It is unnecessary to do further grouping of LCHs since it just brings additional complexity and unexpected delay. 
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How many SR configurations per logical channel
When a Regular BSR is triggered due to availability of new data, the associated logical channel sends an SR on PUCCH according to the SR configuration. If there is no SR configuration mapped to this logical channel, it occurs typically because the logical channel is configured with a SR masking so that a grant can be obtained via other means, e.g. SPS. 
On the other hand, it is unnecessary that a logical channel is configured with multiple SR configurations. It mainly because aspects
1) These multiple SR configurations mapped to the same LCHs may have similar radio characteristics. If one SR configuration reaches its maximum transmission attempts due to either the L1 transmission failures, or the SR overload, the other SR configurations may also have the same issue eventually. The most effective mean is to let UE release the SR resources, and initiate a RACH procedure to reobtain the uplink sync. It gives shorter latency, and better control on the system load. 
2) The usage of multiple SR configurations is mainly to differentiate “numerology/TTI type” of LCHs that trigger SRs. It is sufficient to link just at most one SR configuration for each LCH. It leads to unnecessary complexity for the SR management and design, with more than one SR configurations per LCH. 
3) Someone may argue that the UE may be benefited from the offloading purpose, with multiple SR configurations, since SR configurations may locate at different frequency region to achieve a good diversity. That may occur, however it is believed to be the corner case.
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[bookmark: _Toc485393836][bookmark: _Toc487146498]Conclusion
In section 2 we made the following observations:
Observation 1	Every SR configuration may contain a distinct SR resource.
Observation 2	dsr-TransMax is configured per SR configuration.

Based on the discussion in section 2 we propose the following:
Proposal 1	Reuse LTE SR configuration structure for NR as the baseline.
Proposal 2	RAN1 determines possible changes of SR configuration structure to implement the support of multiple SR configurations per UE.
Proposal 3	dsr-TransMax should be defined per SR configuration.
Proposal 4	sr-ProhibitTimer should be defined per SR configuration.
Proposal 5	As in LTE the sr-ProhibitTimer is defined in number of SR periods. Additional larger values can be considered if the SR period in NR is shorter than in LTE.
Proposal 6	Same as LTE, logicalChannelSR-ProhibitTimer should be defined per LCH.
Proposal 7	As in LTE, the logicalChannelSR-ProhibitTimer is defined in subframes. The LTE value range can be reused.
Proposal 8	No need to support mapping between SR configurations and LCGs.
Proposal 9	A logical channel can be mapped to at most one SR configuration.
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