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1 Introduction

In last meeting, it was further agreed that one single logical channel is mapped to at most one SR configuration for single cell case, the related agreements are as follows:

Agreements:

1. One or multiple logical channel(s) are mapped to SR configuration (e.g. not LCG)

2. RAN2 understanding is that numerology of the SR transmission need not be the same as the numerology of the LCH which triggered the SR
3. For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP.  This agreement is pending confirmation from RAN1 that a single BWP can support multiple SR configurations and understanding of how BWP is switched.  

FFS how to handle SR configuration, mapping and transmission for CA case

4. sr-ProhibitTimer is independently configured per SR configuration.  Whether a single timer or multiple timers are running at the same time are FFS.   

5. drs-TransMax is independently configured per SR configuration.  FFS whether SR_COUNTER is maintained for each SR configuration independently
In this contribution, we will discuss the details of the SR procedure, including the triggers, timers, SR counters and failure case. The logical channel and SR configuration mapping for CA case is discussed in the companion contribution [1].

2 Discussion
SR triggers
In LTE, the SR triggering condition is as follows, which is cited from 36.321:

if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:

-
if an uplink grant is not configured or the Regular BSR was not triggered due to data becoming available for transmission for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:

-
a Scheduling Request shall be triggered.

LTE has specified some conditions to trigger the SR transmission. Based on our understanding, the following conditions should be met when a SR is triggered:

· The regular BSR is triggered, meaning that the data available for a logical channel with higher priority than other logical channel, or data available for a logical channel while others don't have data;

· Note that the regular BSR was not triggered by the logical channel with SR mask. The parameter logicalChannelSR-Mask is to disable SR triggering for certain logical channel when SPS configuration is activated, so that unnecessary SR transmissions can be avoided.

· The logical channel SR prohibit timer (logicalChannelSR-ProhibitTimer) is not running, this parameter is introduced in Release 12 [2], which is for delaying the first SR transmission for a logical channel. The motivation is to prevent too frequent SR transmission for certain logical channels which the network can somehow predict the traffic pattern, e.g., conversational speech and/or video traffic;
· There is no uplink grant configured for the UE, including the SPS grant (grant-free should be also considered as a way of configured grant);

We think all these conditions should still considered in NR SR trigger conditions. 
Proposal 1 The SR should be triggered by triggering of regular BSR, and the conditions in LTE can be used as baseline in NR.
SR timer - sr-ProhibitTimer
The SR prohibit timer was introduced in Release 9 [3], and sr-ProhibitTimer is configured per UE. The motivation was to prevent the SR being re-transmitted unnecessarily in the cases when e.g., a very short SR period is configured or the network is in high load. Too frequent SR transmission on the PUCCH would cause PUCCH inter-cell interference problem, which can lead to poor SR detection performance.
Regarding the SR prohibit timer configuration, in 36.331, the parameter sr-ProhibitTimer is configured per MAC entity, and the value is in number of SR period(s) of the shortest SR period of any serving cell with PUCCH configuration. 
In NR, as we have agreed that multiple SR configurations can be configured to a UE, we think different SR configuration should be corresponding different sr-ProhibitTimer. The reason is that, if sr-ProhibitTimer is configured per UE, the triggered sr-ProhibitTimer for one SR configuration will prohibit the SR transmission from another SR configuration. This will result in scheduling problem if the transmitted SR is triggered by eMBB logical channel, and the prohibited SR transmission is triggered by very urgent service, e.g., URLLC. This should be applied for both CA and non-CA case.
Different sr-ProhibitTimer can be configured with different value, which is in number of SR period(s) of the shortest SR period of any SR configurations like in LTE.

Proposal 2 In NR, a sr-ProhibitTimer is configured per SR configuration for both single cell and CA case, the sr-ProhibitTimer only applies to the SR transmission associated with the SR configuration.
Proposal 3 The sr-ProhibitTimer for different SR configuration can be configured with different value, which is in number of SR period(s) of the shortest SR period of any SR configuration.
SR counters
In LTE, SR_COUNTER is maintained to record how many times the SR has been transmitted. Once the SR_COUNTER reaches the drs-TransMax configured by RRC, it means there is a problem for the PUCCH configured for this SR, thus the PUCCH resource will be released and RA is initiated. 

In last meeting, it was agreed that the drs-TransMax is independently configured per SR configuration. For each SR configuration, the SR_COUNTER should be maintained independently. The MAC entity will set the SR_COUNTER for a SR configuration to 0 if an SR is triggered and there is no other SR pending for the same SR configuration. If any SR_COUNT reaches the corresponding drs_TransMax, the MAC entity shall notify RRC to release PUCCH for all the SR configurations and initiate a RA procedure. 
Proposal 4 SR_COUNTER is maintained for each SR configuration independently.
Proposal 5 If the SR_COUNTER reaches the corresponding drs_TransMax, the MAC entity shall:
notify RRC to release PUCCH(s) 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.
SR cancelation
In LTE, SR cancelation is as follows (not consider sidelink case), which is cited from 36.321:

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and sr-ProhibitTimer shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5), or when the UL grant(s) can accommodate all pending data available for transmission.
In NR, we think the LTE cancellation can still be applied in NR even though multiple SR configurations are configured. 
Proposal 6 As in LTE, all pending SRs (no matter SR configuration) should be cancelled when a PDU is assembled including BSR, or the uplink grant can accommodate all the data available for transmission.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
The SR should be triggered by triggering of regular BSR, and the conditions in LTE can be used as baseline in NR.
Proposal 2
In NR, a sr-ProhibitTimer is configured per SR configuration for both single cell and CA case, the sr-ProhibitTimer only applies to the SR transmission associated with the SR configuration.
Proposal 3
The sr-ProhibitTimer for different SR configuration can be configured with different value, which is in number of SR period(s) of the shortest SR period of any SR configuration.
Proposal 4
SR_COUNTER is maintained for each SR configuration independently.
Proposal 5
If the SR_COUNTER reaches the corresponding drs_TransMax, the MAC entity shall:

notify RRC to release PUCCH(s) 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 6
As in LTE, all pending SRs (no matter SR configuration) should be cancelled when a PDU is assembled including BSR, or the uplink grant can accommodate all the data available for transmission.
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5.4.4
Scheduling Request
The Scheduling Request (SR) is used for requesting UL-SCH resources for new transmission. The MAC entity may be configured with zero, one, or more SR configurations. Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to at most one SR configuration, which is configured by RRC. Which SR configuration is used depends on the logical channel that triggers the SR.


RRC configures the following parameters for the scheduling request procedure:
-
sr-ProhibitTimer (per SR configuration);

-
sr-TransMax (per SR configuration);

-
sr-ConfigIndex.

Editor's note: PHY-related parameters (i.e. sr-ConfigIndex (and maybe more)) can be corrected later.

The following UE variables are used for the scheduling request procedure:

-
SR_COUNTER.

When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and all running sr-ProhibitTimer(s) shall be stopped when a MAC PDU is assembled and this PDU includes a BSR which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) or when the UL grant(s) can accommodate all pending data available for transmission.

If an SR is triggered and there is no other pending SR(s) which is associated with the same SR configuration as the triggered SR, the MAC entity shall set the SR_COUNTER for the SR configuraton to 0.

As long as one SR is pending for the SR configuration, the MAC entity shall for each NR-UNIT:

-
if no UL-SCH resources are available for a transmission in this NR-UNIT:

-
if the MAC entity has no valid PUCCH resource for SR configured in any NR-UNIT
· initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs for all SR configurations;
-
else if the MAC entity has at least one valid PUCCH resource for SR configured for this NR-UNIT and if this NR-UNIT is not part of a measurement gap and if sr-ProhibitTimer is not running:

-
if SR_COUNTER < dsr-TransMax:

-
increment SR_COUNTER by 1;

-
instruct the physical layer to signal the SR on one valid PUCCH resource for SR;

-
start the sr-ProhibitTimer.

-
else:

-
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 (see subclause 5.1) on the SpCell and cancel all pending SRs.

NOTE:
The selection of which valid PUCCH resource for SR to signal SR on when the MAC entity has more than one valid PUCCH resource for SR in one NR-UNIT is left to UE implementation.

NOTE:
SR_COUNTER is incremented for each SR bundle. sr-ProhibitTimer is started in the first NR-UNIT of an SR bundle.

Editor's note: The term NR-UNIT is used tentatively instead of TTI.
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