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Introduction
From RAN2#99, some agreements related to SR were reached. 

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

Using LTE SR concept as the baseline, this contribution further analyses open questions which are highlighted in above agreements. Additionally, RAN1 has introduced the concept of BWP in NR. Its design purpose is mainly to save UE power. Therefore, RAN2 need to further investigate what is the impact of BWP on SR. 
Discussion
[bookmark: _Toc490208485][bookmark: _Toc490208494]Overall design and terminology
We think one source of the confusion in RAN2 can be related to the lack of proper terminology. There is for example varying understandings of what constitutes an "SR configuration". The following is a list of terms used in this paper.
-	PUCCH resource configuration
This constitutes a set of time-frequency resources on PUCCH on which the UE transmits the SR. Compared to LTE, this term is reflected by the parameter sr-PUCCH-ResourceIndex and sr-ConfigIndex which points to tables in RAN1 spec. For NR a similar design should be used. A key aspect of the PUCCH resource is whether it points to a "long" or "short" PUCCH format. A PUCCH resource configuration is defined per BWP, per cell and per PUCCH format in this paper.
-	Counter and timer configuration
The counter and timer configuration consists of the value dsr-TransMax and the value for the sr-ProhibitTimer. This design is very similar to LTE.
[bookmark: _Hlk494393151]-	SR configuration
An SR configuration consists of one or many PUCCH resource configurations and one Counter and timer configuration. This allows for PUCCH resources of different PUCCH formats, different cells and different BWPs to be used.
[bookmark: _Toc494393660][bookmark: _Toc494411638]An SR configuration consists of one or many PUCCH resource configurations and one Counter and timer configuration.
Mapping between logical channels and SR configurations
RAN2 made the following agreement last time
1. 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

As our design proposes to include multiple PUCCH resource configurations which can reflect different BWPs or different cells (for the CA case), we can extend the previous agreement and make the following proposal.
[bookmark: _Toc494118638][bookmark: _Toc494393662][bookmark: _Toc494411640]A single LCH is mapped to zero or one SR configuration.
Selection of PUCCH resource configuration
With several PUCCH resource configurations configured for an SR configuration, a key problem is which one to select once the SR has been triggered. The following reflects some possibilities:
-	Select the one with the first occurring SR transmission opportunity.
-	If the PUCCH formats have different properties (e.g. in LTE they have different coverage) select the one with the best properties (e.g. coverage).
-	If the PUCCH resource configurations are on different cells, take the cell into account.
-	If the PUCCH resource configurations are on different BWPs, use the one which is currently active.
-	If the PUCCH resource configurations are of different PUCCH formats, instead of selecting the one with the first occurring SR transmission opportunity, select the one whose first SR opportunity is completed first.
Clearly there are many different ways this can be done and due to the current conditions in the UE, the best strategy may vary. Therefore, it is best to leave this choice to the UE implementation. This has the added benefit that time will be saved in RAN2.
[bookmark: _Toc494118639][bookmark: _Toc494393663][bookmark: _Toc494411641]The UE selects PUCCH resource configuration for the first SR transmission based on implementation.
It is understood that the UE makes this choice at the start of the procedure, upon transmission of the first SR. An open question is whether the UE may make this choice for the next SR transmission, if no grant is provided. We cannot see any greater benefit in forcing the UE to stick to its previously selected PUCCH resource configuration. If the gNB has not given the UE a grant it was probably because it did not detect it, hence the gNB must continue to try to decode all PUCCH resource configurations. Hence we can leave this to UE implementation.
[bookmark: _Toc494118640][bookmark: _Toc494393664][bookmark: _Toc494411642]The UE selects PUCCH resource configuration for subsequent SR transmissions based on implementation if no grant is received.
Impact of BWP on SR handling
The concept of BWP is being discussed in RAN1, serving two purposes: on one hand, it enables power savings at the UE since the UE doesn’t need to monitor the full bandwidth for control channels (e.g., CORESET) all the time and on the other hand, it gives means for the network to manage an efficient radio resource management across the wide bandwidth via change of centre frequency.  
[bookmark: _Toc493881518][bookmark: _Toc493881558][bookmark: _Toc493881589][bookmark: _Toc493886086][bookmark: _Toc493886114][bookmark: _Toc493886165][bookmark: _Toc494118636][bookmark: _Toc494393661][bookmark: _Toc494411639]The support of BWP is beneficial to the UE power saving and the network radio resource management
The development of the BWP concept is started for DL. In RAN1#90, RAN1 has made a solid progress on the single UL active BWP case, and it is FFS for multiple active UL BWPs. 
For instance, RAN2 has made below agreements up to now for single BWP case.
1. For the single-cell case, one single LCH is mapped to none or one SR configuration per BWP.  
2. sr-ProhibitTimer is independently configured per SR configuration
3. drs-TransMax is independently configured per SR configuration
The support of multiple BWPs in a single cell can easily be incorporated in the design of the SR. The SR is used to request resources for certain LCHs. Upon reception of a SR that is sent via a PUCCH resource configuraiton belonging to a certain active BWP, the network may assign the resources within the resource regions of any active BWP which may be not the same BWP as that sent the SR. This gives better potential for more efficient RRM, than limiting the SR transmission and subsequent PUSCH resources to be in the same BWP. When transmitting the SR on a PUCCH resource configuration the UE must know which PUCCH resource configuration belongs to which BWP as it can only use PUCCH resource configurations in the currently active BWP.
[bookmark: _Toc494118641][bookmark: _Toc492197942][bookmark: _Toc492198148][bookmark: _Toc492198182][bookmark: _Toc492200153][bookmark: _Toc492200521][bookmark: _Toc492378499][bookmark: _Toc492537427][bookmark: _Toc492932955][bookmark: _Toc493881596][bookmark: _Toc493882159][bookmark: _Toc493885384][bookmark: _Toc493886038][bookmark: _Toc493886176][bookmark: _Toc494393665][bookmark: _Toc494411643]The PUCCH resource configuration is associated with a UL BWP.
[bookmark: _Toc493886087][bookmark: _Toc493886115][bookmark: _Toc493886166][bookmark: _Toc493886088][bookmark: _Toc493886116][bookmark: _Toc493886167][bookmark: _Toc493886089][bookmark: _Toc493886117][bookmark: _Toc493886168][bookmark: _Toc493886090][bookmark: _Toc493886118][bookmark: _Toc493886169][bookmark: _Toc493886091][bookmark: _Toc493886119][bookmark: _Toc493886170][bookmark: _Toc493881522][bookmark: _Toc493881562][bookmark: _Toc493881593][bookmark: _Toc493886094][bookmark: _Toc493886123][bookmark: _Toc493885386][bookmark: _Toc493886040][bookmark: _Toc493886178]SR procedure with a single PUCCH resource configuration
In this case the SR configuration which the pending SR is associated with has only one PUCCH resource configuration. Hence the behaviour of the UE is straight forward; assuming there are no UL resources available, wait for the next SR opportunity of the PUCCH resource configuration and send the SR, increase the counter and start the prohibit timer. When the timer expires the UE transmits a new SR. This process repeats until either the UE receives a grant which cancels the pending SR, or the counter reaches the maximum value upon which the UE performs a random access. This behaviour is the same as in LTE. The details of this procedure can be found in the TP below. 
SR procedure with multiple PUCCH resource configurations
In this case the SR configuration which the pending SR is associated with has multiple PUCCH resource configurations. This can be the case for carrier aggregation in which case the PUCCH resource configurations belong to different cells, or for multiple BWPs in the same (or different cells). The PUCCH resource configurations can also be of different PUCCH formats (long or short).
The procedure in this case should be based on the procedure for the single PUCCH resource configuration with the addition that there needs to be a selection which PUCCH resource configuration to use. As described earlier, there are many ways this can be done, but it is probably for the best if the choice is left for the UE implementation. This allows for a UE to be configured with a short and a long PUCCH format, start with the short format and then fall back to the long if no grant is received, which is likely to happen in poor coverage. The details can be seen in the text proposal below.
[bookmark: _Toc492198149]Aspects relating to the prohibit timer and SR counter
It has been agreed that sr-ProhibitTimer is independently configured per SR configuration. For a UE with multiple SR configurations, there is FFS on whether a single timer or multiple timers running at the same time. 
Based on the assumption that there can only be one SR pending at the time, there should only be one SR prohibit timer running at the time. However, the value of the timer can be configured per SR configuration. An alternative solution for multiple pending SRs at the time can be found in [1].
The same arguments can be used when discussing the SR_COUNTER. We think there should only be one counter active at the time, as there is only one pending SR. However, it can be beneficial to allow for different SR configurations to use different max values for the counter. Therefore, each SR configuration should have one sr-TransMax.
The details of the above discussion can be found in the text proposals below. 
Text proposal for 38.321 (MAC)
[bookmark: _Toc491782012]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 ismay 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.
Editor's note: Above 'one' can be replaced with 'more' if RAN2 agrees to allow multiple configurations.
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 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.
If an SR is triggered and there is no other SR pending, the MAC entity shall set the SR_COUNTER to 0.
When an SR is pending, the MAC entity shall cancel any triggered SR.
When an SR is pending, the MAC entity shall for the SR configuration associated with the pending SR:
1>	if no UL-SCH resources are available:
2>	if there is currently no measurement gap and if sr-ProhibitTimer is not running:
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one of the PUCCH resource configuration(s) of the SR configuration;
4>	start the sr-ProhibitTimer;
3>	else:
4>	notify RRC to release PUCCH for all serving cells;
4>	notify RRC to release SRS for all serving cells;
4>	clear any configured downlink assignments;
4>	clear any configured uplink grants;
4>	cancel all pending SRs;
4>	initiate a Random Access procedure (see subclause 5.1) on the SpCell.
NOTE:	The selection of which PUCCH resource configuration to signal SR on when the SR configuration has more than one PUCCH resource configuration is left to UE implementation.

Editor's note: Editor thinks that the concept of SR_COUNTER and corresponding procedural text in LTE can be reused but procedural text is not captured yet. Note that if RAN2 considers having separate sr-ProhibitTimers and SR_COUNTER for each SR configuration, the text may need to be revised. It can be discussed in the future meetings.
[bookmark: _Toc491782013]5.4.5	Buffer Status Reporting
The Buffer Status reporting procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR reporting:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-ProhibitTimer;
-	logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The MAC entity is configured with up to eight LCGs.
The MAC entity determines the amount of data available in a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].
A Buffer Status Report (BSR) shall be triggered if any of the following events occur:
-	the MAC entity has new UL data for a logical channel which belongs to an LCG; and either
-	the new UL data belongs to a logical channel with higher priority than the priority of any logical channel containing UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any UL data;
	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
Editor's note: the text above can be improved considering data volume defined in RLC and PDCP.
For Regular BSR, the MAC entity shall:
1>	if the BSR is triggered for a logical channel for which logicalChannelSR-ProhibitTimer is configured by upper layers:
2>	start or restart the logicalChannelSR-ProhibitTimer;
1>	else:
2>	if running, stop the logicalChannelSR-ProhibitTimer.
For Regular and Periodic BSR, the MAC entity shall:
Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.

For Padding BSR:
Editor's note: Depending on the detailed format for BSR (e.g. long, short, truncated) the text would be added above.

The MAC entity shall:
1>	if the Buffer Status reporting procedure determines that at least one BSR has been triggered and not cancelled:
2>	if UL-SCH resources are available for a new transmission in this NR-UNIT:
Editor's note: The term NR-UNIT is used tentatively instead of TTI.
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>	start or restart periodicBSR-Timer;
Editor's note: additional condition to not (re)start the periodic timer in LTE (i.e. truncated BSR) is not captured, and RAN2 should discuss detailed further.
3>	start or restart retxBSR-Timer.
2>	else if a Regular BSR has been triggered and logicalChannelSR-ProhibitTimer is not running:
3>	if an uplink grant is not configured (i.e. Semi-Persistent Scheduling); or
3>	if the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers:
4>	if the logical channel which triggered the BSR is configured with an SR configuration:
5>	trigger a Scheduling Request using the SR configuration which the logical channel which triggered the BSR is configured with.
A MAC PDU shall contain at most one MAC BSR CE, even when multiple events have triggered a BSR by the time.
The MAC entity shall restart retxBSR-Timer upon reception of a grant for transmission of new data on any UL-SCH.
Editor's note: The BSR cancellation part needs to be captured.
Editor's note: Detailed operations on long and short BSR need to be captured.

Text proposal for 38.331 (RRC)
[bookmark: _Toc487673576]–	SchedulingRequestConfig
The IE SchedulingRequestConfig is used to specify the Scheduling Request related parameters
SchedulingRequestConfig rmation element
-- ASN1STA

SchedulingRequestConfig ::=		CHOICE {
	release							NULL,
	setup							SEQUENCE {
		sr-PUCCH-resourceConfigList		SR-PUCCH-ResourceConfigList,
		sr-TransMax						ENUMERATED {
												n4, n8, n16, n32, n64, spare3, spare2, spare1},
		sr-ProhibitTimer				INTEGER (0..7)
	}
}

SR-PUCCH-ResourceConfig ::=	SEQUENCE {
	sr-PUCCH-ResourceIndex	INTEGER (0..2047),	-- FFS:_PHY parameter
	sr-ConfigIndex			INTEGER (0..157),	-- FFS: PHY parameter
	bwp-Id					BWP-ID,				-- FFS how BWP is represented
	cellIndex				SCellIndex			-- FFS how this is represented
}

SR-PUCCH-ResourceConfigList ::=	SEQUENCE (SIZE (1..maxSrPUCCH-ResourceConfig)) OF SR-PUCCH-ResourceConfig

maxSrPUCCH-ResourceConfig	INTEGER ::=	8 – FFS exact value

-- ASN1STOP

	SchedulingRequestConfig field descriptions

	sr-ConfigIndex

Parameter. See TS 38.213 [X, X.Y].

	sr-PUCCH-ResourceIndex

Parameter:  see TS 38.213 [X, X.Y].

	sr-ProhibitTimer
Timer for SR transmission on PUCCH in TS 38.321 [X]. Value in number of SR period(s) of shortest SR period of any serving cell with PUCCH. Value 0 means that behaviour as specified in 7.3.2 applies. Value 1 corresponds to one SR period, Value 2 corresponds to 2*SR periods and so on. SR period is defined in TS 38.213 [X, table X.Y].

	sr-TransMax
Parameter for SR transmission in TS 38.321 [X, 5.4.4]. The value n4 corresponds to 4 transmissions, n8 corresponds to 8 transmissions and so on.




[bookmark: _Toc487146484][bookmark: _Toc487193093][bookmark: _Toc489438470][bookmark: _Toc489438523][bookmark: _Toc489438539][bookmark: _Toc489438599][bookmark: _Toc489438643][bookmark: _Toc490208478][bookmark: _Toc487146489][bookmark: _Toc487193085][bookmark: _Toc489438462][bookmark: _Toc489438628][bookmark: _Toc489438689][bookmark: _Toc489438722][bookmark: _Toc489990159][bookmark: _Toc490208481][bookmark: _Toc490208490][bookmark: _Toc485393836][bookmark: _Toc487146498]Conclusion
In section 2 we made the following observations:
Observation 1	An SR configuration consists of one or many PUCCH resource configurations and one Counter and timer configuration.
Observation 2	The support of BWP is beneficial to the UE power saving and the network radio resource management

Based on the discussion in section 2 we propose the following:
Proposal 1	A single LCH is mapped to zero or one SR configuration.
Proposal 2	The UE selects PUCCH resource configuration for the first SR transmission based on implementation.
Proposal 3	The UE selects PUCCH resource configuration for subsequent SR transmissions based on implementation if no grant is received.
Proposal 4	The PUCCH resource configuration is associated with a UL BWP.
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