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Introduction
At RAN2#99 bis, some agreements related to SR were reached. 
1. An SR configuration consists of a collection of sets of PUCCH resources across different BWPs and cells with the following constraints:
–	Per cell, at any given time there is at most one usable PUCCH resource per LCH
–	This corresponds to the case of one single LTE-like set of SR PUCCH resources being configured per LCH per BWP, and only one BWP being active at a time
2. Each LCH is mapped to none or one SR configuration.
3. Each SR configuration has its own SR counter and prohibit timer.
–	This counter and timer control the SR configuration i.e. SR procedures on the group of LCHs mapped to the SR configuration in question.
–	When max SR transmission counter is reached on a SR configuration, SR failure is declared and the UE triggers a RACH and releases all PUCCH resources. 
–	SR counters and timers are independent across different configurations.
4 	BWP switching and cell activation / deactivation do not interfere with the operation of the counter and timer.
5	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 ‘TTI’ is left to UE implementation.
FFS Maximum number of SR configurations/PUCCH resource per MAC entity


There is an email discussion [99bis#38][NR UP/MAC]-SR open issues, that is being held. Considering the above RAN2 agreements and possible outcome from the email discussion [1]. We further summarize all remaining open issues on SR in this contribution. 
Discussion
Open issue A.6 - Multiple PUCCH formats per BWP
As short PUCCH format and long PUCCH format have preferred conditions in different situations. Sometimes it requires to switch the PUCCH format based on at least one of coverage, delay, and resource efficiency requirements. Seamless PUCCH format switch is necessary to be addressed.
An example on the problem is illustrated in Figure 1. For a UE, there is one eMBB service associated LCH, which is delay insensitive, so it is mapped to an SR configuration associated with a long PUCCH format/resource, while another URLLC service which requires a very stringent latency, so, it is more suitable for URLLC to use an SR configuration associated with a short PUCCH format/resource. At the current position A, the UE can use both PUCCHs at the same time. While the UE may suffer the coverage limitation when the UE moves to the position B where the short PUCCH format is limited by the coverage. If the UE still uses the short PUCCH to signal an SR for URLLC, there is a high probability to lead to SR transmission failure for URLLC. in this case, the UE has to wait until the short PUCCH has reached the maximum value, i.e., dsr-TransMax, to realize that the short PUCCH can’t provide a reliable transmission for URLLC, which then causes unnecessary latency. If the UE further initiates a RACH access to recover from the SR failure, an even longer latency would be inevitably incurred. Such a long latency would be not acceptable for URLLC service. Allowing a LCH to be configured with only one SR PUCCH resource/format per BWP at a time, is apparently not able to address the issue. 
[bookmark: _Toc498463915][bookmark: _Toc498512211][bookmark: _Toc498636456]The usage of single PUCCH format (e.g., with a short PUCCH) per BWP for a LCH, may lead to an issue of unnecessary latency for URLLC LCH especially when a UE uplink coverage becomes limited.
[image: ]
Figure 1. An example on the potential limitation of single PUCCH format in a single cell with a single BWP configured
We think a LCH should be allowed to be configured with multiple PUCCH formats/resources in an SR configuration per BWP. However, we don’t see the need to keep all PUCCH formats/resources active for a LCH at the same time, since that would consume more PUCCH resources and lead to higher control overhead. It is sufficient to keep one PUCCH format/resource usable for a LCH at t time. 
[bookmark: _Toc498463922][bookmark: _Toc498512214][bookmark: _Toc498636447]As further enhancement on top of current agreements, an SR configuration can consist of multiple PUCCH resource configurations on the same BWP, each corresponding to a specific PUCCH format.
[bookmark: _Toc498463923][bookmark: _Toc498512215][bookmark: _Toc498636448]For each SR configuration, the UE keeps only one PUCCH resource/format active at a time per BWP, while keeping other configured PUCCH resources/formats inactive.
A UE can attempt to transmit a couple of SRs using the short format (to save time) and upon not receiving any grant send a couple of SRs using the long format (to improve coverage). The choice which PUCCH resource configuration to use is left to the UE implementation. This also means that the UE can determine to switch to a different PUCCH resource without waiting the SR transmission to fail on the current PUCCH resource, i.e., the SR transmission attempts reach the maximum limit, dsr-TransMax.
[bookmark: _Toc498463924][bookmark: _Toc497227200][bookmark: _Toc497227201][bookmark: _Toc497227202][bookmark: _Toc497914479][bookmark: _Toc497915034][bookmark: _Toc498373688][bookmark: _Toc498463925][bookmark: _Toc498512216][bookmark: _Toc498636449]For each SR configuration, it is up to UE implementation on how to choose PUCCH resource configuration (with a proper PUCCH format) to use, i.e., without waiting the SR transmission to fail (i.e. SR_COUNTER reaching dsr-TransMax) on the current PUCCH resource.
Open issue 3 - UE behaviour if there are SR configurations but the mapping is not configured for a LCH assigned to a LCG
For the case where a LCH is configured with none SR configuration. There are two options remaining after the email discussion, and highlighted as below
Option 1: RACH is triggered
Option 3: remains pending until cancelled
If a LCH is not configured with any SR configuration, this LCH must be delay-insensitive or have very low priority. Then, it is sufficient to trigger a RACH access as in LTE. However, it is worth noting that there should not be any other SRs pending. Otherwise, this may lead to additional latency for other LCHs with pending SRs when the LCH without SR configuration triggers RACH. It is also true that this LCH can rely on other LCHs that have SRs pending, since the UE may receive grants soon. In this case, the UE can send a BSR for this LCH with the received grant. 
[bookmark: _Toc498512217][bookmark: _Toc498636450]Trigger a RACH procedure as in LTE, in case there is a LCH is not configured with any SR resource, with arrival of new data.
Open issue 4 – Whether shortest periodicity of the SR periodicities in the SR configuration is used as the unit for sr-ProhibitTimer
For sr-ProhibitTimer that prohibits too frequent transmission of triggered SR, it was agreed it can be configured independently per SR configuration. Regarding the time unit for the prohibit timer, there are two options remain after the email discussion, and highlighted as below
Option 1) use shortest periodicity of SR periodicities in the SR configuration 
Option 2) absolute time as unit for sr-ProhibitTimer
We think this issue is similar as in LTE CA scenario. The shortest SR periodicities between all PUCCH resources in an SR configuration is used as the time unit for sr-ProhibitTimer. Therefore, we prefer to choose Option 1. At the same time, it is worth noting that the setting of sr-ProhibitTimer should consider all PUCCH resources/configurations spanning all BWPs in the SR configuration.
[bookmark: _Toc498512218][bookmark: _Toc498636451]Use shortest periodicity of SR periodicities of all PUCCH resource configuration in the same SR configuration as the unit for sr-ProhibitTimer.
Open issue – UE behaviour if there is only 1 SR configuration
In the email discussion [1], there is one use case raised where the UE is configured with only one SR configuration and one numerology. In this case, some companies proposed that the mapping between LCHs and SR configuration might not need to be explicitly configured, meaning that the SR configuration index in each LCH configuration can be saved. 
From our understanding, such improvement is unnecessary. With this improvement, it would be difficult to distinguish between a LCH that has no any mapped SR configuration, and other LCHs that are mapped to the SR configuration. It is more concise to always explicitly configure the mapping between an SR configuration and LCHs. 
[bookmark: _Toc498463926][bookmark: _Toc498512219][bookmark: _Toc498636452]For a UE configured with only one SR configuration, the mapping between LCHs and the SR configuration shall not be omitted.
Open issue – Rename of logicalChannelSR-ProhibitTimer
[bookmark: _Hlk498462357]In the email discussion [1], there was also a proposal to rename logicalChannelSR-ProhibitTimer to logicalChannelSR-DelayTimer to distinguish from sr-ProhibitTimer.
We think this is a good idea to have, to better distinguish it from sr-ProhibitTimer.
[bookmark: _Toc498463927][bookmark: _Toc498512220][bookmark: _Toc498636453]Rename LogichannelSR-ProhibitTimer as LogicalChannelSR-DelayTimer.
Open issue 7 – Which option is preferred for SR triggered by retxBSR-Timer expiry
For a regular BSR triggered by retxBSR-Timer expiry and there is data available for transmission, it was not concluded for LTE sTTI WI whether the SR configuration of highest priority LCH has data available for transmission or any other SR configuration of LCHs that has data available for transmission can be used. After the email discussion, RAN2 is going to select one of the two options as below
Option 1: SR configuration of the highest priority LCH that has data available for transmission;
Option 2: SR configurations of all the LCHs that have data available for transmission.
We think it is more reasonable to choose Option 1, because it is more aligned with what RAN2 has agreed on SR triggering, i.e., an SR is triggered by a regular BSR for a LCH that may have higher priority new data. Further, for Option 2, it may be difficult to predict whether the earliest SR opportunity from other SR configuration is a short PUCCH format or a long PUCCH format, meaning it may not always give a short latency to use any other SR configuration.  Therefore, we make the below proposal
[bookmark: _Toc498463928][bookmark: _Toc498512221][bookmark: _Toc498636454]For a regular BSR triggered by retxBSR-Timer expiry, the UE MAC chooses the SR configuration of highest priority LCH that has data available to signal an SR.
Text proposal
[bookmark: _Toc497230309]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. An SR configuration consists of a set of PUCCH resources for SR across different BWPs and cells. For a logical channel, at most one PUCCH resource for SR is configured per BWP.
Each SR configuration corresponds to one or more logical channels. Each logical channel may be mapped to zero or one SR configuration, which is configured by RRC. Which SR configuration is used depends on the logical channel that triggers the SR. For each LCH, a UE can be configured with multiple PUCCH resource configurations in an SR configuration per BWP, each corresponding to a specific PUCCH format. For a LCH, the UE keeps only one PUCCH resource/format active at a time per BWP, while keeping other configured PUCCH resources/formats inactive. It is up to UE implementation on how to choose PUCCH resource configuration (with a proper PUCCH format) to use for a LCH.
The MAC entity triggers a Random Access procedure in case there is a LCH is not configured with any SR resource, with arrival of new data. The MAC entity uses shortest periodicity of SR periodicities of all PUCCH resource configuration in the same SR configuration as the unit for sr-ProhibitTimer. 
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. Editor understands that the LS R1-1716932 does not include relevant PHY parameters for SR yet.
The following UE variables are used for the scheduling request procedure:
-	SR_COUNTER (per SR configuration).
If an SR is triggered and there are no other SRs pending corresponding to the same SR configuration, the MAC entity shall set the SR_COUNTER of the corresponding SR configuration to 0.
When an SR is triggered, it shall be considered as pending until it is cancelled. All pending SR(s) shall be cancelled and each respective 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.
Editor's note: RAN2 did not conclude whether UE should perform RACH immediately if SR configuration is not configured for the LCH which triggers SR while SR configuration is available for other LCHs. Depending on the conclusion the following procedure can be updated (e.g. 'initiate RACH parts' can be separated and placed at the beginning of the procedure).
As long as at least one SR is pending, for each SR configuration corresponding to a pending SR, the MAC entity shall for each NR-UNIT:
1>	if no UL-SCH resources are available for a transmission in this NR-UNIT:
2>	if the MAC entity has no valid PUCCH resource for SR configured in any NR-UNIT:
3>	 initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel all pending SRs;
2>	else if the MAC entity has at least one valid PUCCH resource for SR configured for this NR-UNIT; and
2>	if sr-ProhibitTimer is not running:
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).
3>	if SR_COUNTER < sr-TransMax:
4>	increment SR_COUNTER by 1;
4>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
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>	deactivate any configured downlink assignments and uplink grants;
4>	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.
Editor's note: Changes from LTE is highlighted in yellow (also in BSR section: trigger an SR), and RAN2 confirmation requires.
[bookmark: _Toc497230310]5.4.5	Buffer Status Reporting
The Buffer Status reporting (BSR) 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:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-DelayProhibitTimer;
-	logicalChannelGroup.
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight.
The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 and 38.323 [3] [4].
A BSR shall be triggered if any of the following events occur:
-	the MAC entity has new UL data available 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 available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available 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'.
For Regular BSR, the MAC entity shall:
1>	if the BSR is triggered for a logical channel for which logicalChannelSR-DelayProhibitTimer is configured by upper layers:
2>	start or restart the logicalChannelSR-DelayProhibitTimer;
1>	else:
2>	if running, stop the logicalChannelSR-DelayProhibitTimer.
For Regular and Periodic BSR, the MAC entity shall:
1>	if more than one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted:
2>	report Long BSR for all LCGs which have data available for transmission;
1>	else:
2>	report Short BSR.
Editor's note: as a baseline, short BSR is reported when a single LCG has data available.
For Padding BSR:
1>	if the number of padding bits is equal to or larger than the size of the Short BSR plus its subheader but smaller than the size of the Long BSR plus its subheader:
2>	if more than one LCG has data available for transmission in the NR-UNIT where the BSR is transmitted:
3>	if the number of padding bits is equal to the size of the Short BSR plus its subheader:
4>	report Short Truncated BSR of the LCG with the highest priority logical channel with data available for transmission;
3>	else:
4>	report Long Truncated BSR of the LCG with the logical channels having data available for transmission following a decreasing order of priority;
2>	else:
3>	report Short BSR;
1>	else if the number of padding bits is equal to or larger than the size of the Long BSR plus its subheader:
2>	report Long BSR.
Editor's note: as a baseline, short BSR (including padding) is reported when a single LCG has data available. The details on padding procedures can also be discussed by RAN2.
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 Regular BSR was triggered by retxBSR-Timer expiry:
5>	trigger a Scheduling Request using the SR configuration corresponding to the LCH of highest priority having data available for transmission;
4> else:
4>	trigger a Scheduling Request using the SR configuration corresponding to the LCH which triggered the BSR.
A MAC PDU shall contain at most one BSR MAC CE, even when multiple events have triggered a BSR by the time. The Regular BSR and the Periodic BSR shall have precedence over the padding BSR.
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.

[bookmark: _Toc497915035][bookmark: _Toc498373689][bookmark: _Toc498463929][bookmark: _Toc498512222][bookmark: _Toc498636455]RAN2 agrees on the proposed TP and includes it in TR 38.321.
Conclusion
In section 2 we made the following observations:
Observation 1	The usage of single PUCCH format (e.g., with a short PUCCH) per BWP for a LCH, may lead to an issue of unnecessary latency for URLLC LCH especially when a UE uplink coverage becomes limited.

Based on the discussion in section 2 we propose the following:
Proposal 1	As further enhancement on top of current agreements, an SR configuration can consist of multiple PUCCH resource configurations on the same BWP, each corresponding to a specific PUCCH format.
Proposal 2	For each SR configuration, the UE keeps only one PUCCH resource/format active at a time per BWP, while keeping other configured PUCCH resources/formats inactive.
Proposal 3	For each SR configuration, it is up to UE implementation on how to choose PUCCH resource configuration (with a proper PUCCH format) to use, i.e., without waiting the SR transmission to fail (i.e. SR_COUNTER reaching dsr-TransMax) on the current PUCCH resource.
Proposal 4	Trigger a RACH procedure as in LTE, in case there is a LCH is not configured with any SR resource, with arrival of new data.
Proposal 5	Use shortest periodicity of SR periodicities of all PUCCH resource configuration in the same SR configuration as the unit for sr-ProhibitTimer.
[bookmark: _GoBack]Proposal 6	For a UE configured with only one SR configuration, the mapping between LCHs and the SR configuration shall not be omitted.
Proposal 7	Rename LogichannelSR-ProhibitTimer as LogicalChannelSR-DelayTimer.
Proposal 8	For a regular BSR triggered by retxBSR-Timer expiry, the UE MAC chooses the SR configuration of highest priority LCH that has data available to signal an SR.
Proposal 9	RAN2 agrees on the proposed TP and includes it in TR 38.321.
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