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[bookmark: _Ref429645891]Introduction
In RAN2 AdHoc 1801 meeting, the issue of “new immediate transmission” that SR is not triggered for URLLC service was discussed. In this document, we discuss in detail the solution for allowing to trigger the SR by a LCH serving URLLC service.
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[bookmark: _Toc478131478][bookmark: _Toc478158690][bookmark: _Toc478131479][bookmark: _Toc478158691]BSR triggered by URLLC services
In the subclause 5.4.5 in TS 38.321, “new immediate transmission” or proposed “new transmission” could refer to the next available UL-SCH resource for MAC PDU transmission. In RAN2 Ad Hoc 1801 meeting, majority were in favor of removing the term “immediate” as it does not tell how far is the next new transmission. Suppose a scenario where URLLC data arrival takes place after a UL grant for eMBB service has been received. In this case, the LCH serving the URLLC service triggers the BSR. The UL-SCH resource allocated by the UL grant is considered available which in turn prevents the UE from triggering SR for the URLLC services as given below in the text and figure 1.


Figure 1 An example where the SR is not triggered for the LCH serving URLLC serives.
	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 immediate transmission:
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>	start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3>	start or restart retxBSR-Timer.
2>	else if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if an uplink grant is not a configured grant; 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>	trigger a Scheduling Request.


Table 1 Text from TS 38.321 subclause 5.4.5
To meet the delay requirements for the URLLC services, it is important that such services are allowed to trigger SR instead of relying on the UL resources of the eMBB services. However, this was meant to avoid the frequent triggering of SR requests when there is UL-SCH resource available to transmit BSR.
However, MAC does not recognize the URLLC or eMBB services. The information on SCS and PUSCH transmission duration obtained from the UL grant can be considered as an indication that a LCH is serving higher priority service (i.e. serving URLLC) that cannot use the available UL-SCH resource (i.e., eMBB resource). For example, the regular BSR triggered by such LCH can trigger SR if the LCH is not allowed to use the available UL-SCH resource, i.e. the LCH does not meet the criteria for lcp-allowedSCS and lcp-maxPUSCH-Duration associated with the available UL-SCH resource. Note that a new BSR is triggered only by LCH belonging to a LCG, if the LCH has higher priority than those LCHs which have currently data available.
[bookmark: _Toc505192887][bookmark: _Toc505241037][bookmark: _Toc505899578][bookmark: _Toc506396344][bookmark: _Toc506396421][bookmark: _Toc506396622][bookmark: _Toc506406085][bookmark: _Toc506457037][bookmark: _Toc506491839]The regular BSR triggered by a LCH can trigger SR if the LCH is not allowed to use the available UL-SCH resource, i.e. the LCH does not meet the criteria for lcp-allowedSCS and lcp-maxPUSCH-Duration associated with the available UL-SCH resource.
For this purpose, the text in the TS 38.321 subclause 5.4.5 can be modified. 
	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 immediate transmission:
      3>	if at least one Regular BSR was triggered for a logical channel for which available UL-SCH resource is not allowed to be used and logical channel SR masking (logicalChannelSR-Mask) is not setup by upper layers:
      4>	trigger a Scheduling Request.
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>	start or restart periodicBSR-Timer except when all the generated BSRs are long or short   Truncated BSRs;
3>	start or restart retxBSR-Timer.
2>	else if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if an uplink grant is not a configured grant; 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>	trigger a Scheduling Request.


Table 2 Proposed text for SR trigger in TS 38.321 subclause 5.4.5
In the text proposal shown in Table 2, when URLLC service triggers BSR and there is UL-SCH resource available for eMBB services, then the SR for the URLLC is triggered and the BSR MAC CE is also generated. 
However, there is probability that if the MAC PDU is built including the BSR before the next SR resource, the triggered SR is cancelled. To solve it, a minimal change in the SR cancellation can be done as shown in Table 3. This change makes sure that the all pending SRs are cancelled when the MAC PDU including BSR is transmitted. Therefore, the triggered SR in such particular case can be transmitted before the transmission of MAC PDU.
	5.4.4	Scheduling Request
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 transmitted 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.


Table 3 Proposed text for SR cancellation in TS 38.321 subclause 5.4.4
[bookmark: _Toc506396624][bookmark: _Toc506406087][bookmark: _Toc506457038][bookmark: _Toc506491840]A minimal change in the SR cancellation can be done such that the triggered SR is not cancelled before the transmission of MAC PDU including BSR MAC CE.
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[bookmark: _Toc506396348][bookmark: _Toc506396417][bookmark: _Toc506406089][bookmark: _Toc506457042][bookmark: _Toc506457079][bookmark: _Toc506491843][bookmark: _Toc506491888]All pending SRs are cancelled when a MAC PDU including the BSR is transmitted. Text proposal is provided in Annex.
Summary 
Based on the above discussion, we have following observations:
Observation 1 The regular BSR triggered by a LCH can trigger SR if the LCH is not allowed to use the available UL-SCH resource, i.e. the LCH does not meet the criteria for lcp-allowedSCS and lcp-maxPUSCH-Duration associated with the available UL-SCH resource.
[bookmark: _GoBack]Observation 2 A minimal change in the SR cancellation can be done such that the triggered SR is not cancelled before the transmission of MAC PDU including BSR MAC CE.
Based on these observations and discussion, we propose:
Proposal 1.	If BSR is triggered by a LCH which is not allowed to use the available UL-SCH by upper layers, SR for the LCH is triggered.
Proposal 2.	All pending SRs are cancelled when a MAC PDU including the BSR is transmitted. Text proposal is provided in Annex.

Annex
Start
[bookmark: _Toc502437815]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. The SR configuration of the LCH that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. For BSR triggered by retxBSR-Timer expiry, the corresponding SR configuration for the triggered SR is that of the highest priority LCH (if such a configuration exists) that has data available for transmission at the time the BSR is triggered.
RRC configures the following parameters for the scheduling request procedure:
-	sr-ProhibitTimer (per SR configuration);
-	sr-TransMax (per SR configuration);
-	sr-ConfigIndex.
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 transmitted 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.
Only PUCCH resources on a BWP which is active at the time of SR transmission occasion are considered valid.
As long as at least one SR is pending, the MAC entity shall for each pending SR:
1>	if the MAC entity has no valid PUCCH resource configured for the pending SR:
2>	initiate a Random Access procedure (see subclause 5.1) on the SpCell and cancel the pending SR.
1>	else, for the SR configuration corresponding to the pending SR:
2>	when the MAC entity has an SR transmission occasion on the valid PUCCH resource for SR configured; and
2>	if sr-ProhibitTimer is not running at the time of the SR transmission occasion; and 
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a measurement gap; and
2>	if the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource:
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>	clear 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 overlapping valid PUCCH resource for the SR transmission occasion is left to UE implementation.
[bookmark: _Toc502437816]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-Delay;
-	logicalChannelSR-DelayTimer;
-	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-Delay is configured by upper layers:
2>	start or restart the logicalChannelSR-DelayTimer.
1>	else:
2>	if running, stop the logicalChannelSR-DelayTimer.
For Regular and Periodic BSR, the MAC entity shall:
1>	if more than one LCG has data available for transmission when the BSR is to be transmitted:
2>	report Long BSR for all LCGs which have data available for transmission.
1>	else:
2>	report Short BSR.
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 when the BSR is to be 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(s) with the logical channels having data available for transmission following a decreasing order of priority, and in case of equal priority, in increasing order of LCGID.
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 for all LCGs which have data available for transmission.
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 immediate transmission:
3>	if at least one Regular BSR was triggered for a logical channel for which available UL-SCH resource is not allowed to be used and logical channel SR masking (logicalChannelSR-Mask) is not setup by upper layers:
4>	trigger a Scheduling Request.
3>	instruct the Multiplexing and Assembly procedure to generate the BSR MAC CE(s);
3>	start or restart periodicBSR-Timer except when all the generated BSRs are long or short Truncated BSRs;
3>	start or restart retxBSR-Timer.
2>	else if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>	if an uplink grant is not a configured grant; 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>	trigger a Scheduling Request.
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.
All triggered BSRs may be cancelled when the UL grant(s) can accommodate all pending data available for transmission but is not sufficient to additionally accommodate the BSR MAC control element plus its subheader. All triggered BSRs shall be cancelled when a BSR is included in a MAC PDU for transmission.
The MAC entity shall transmit at most one BSR in one MAC PDU. Padding BSR shall not be included when the MAC PDU contains a Regular or Periodic BSR.
End
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