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Introduction
In this paper, we address the following issue in the WI:
	· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].



Discussion
It has been discussed and concluded in the SI that “For resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic, the current specifications of Rel-15 refrains transmission of SR by always prioritizing UL-SCH, which may cause a delay for the SR transmission and may ultimately result in failure to meet the QoS requirement of high-priority traffic”. 
[bookmark: _Toc2957359][bookmark: _Toc2959963][bookmark: _Toc2960022][bookmark: _Toc3295262][bookmark: _Toc4141986][bookmark: _Toc4142060][bookmark: _Toc4142132][bookmark: _Toc4573496][bookmark: _Toc4671735][bookmark: _Toc4671779]RAN2 confirms to specify solving the issue that an SR triggered by high-priority traffic is refrained from transmission due to overlapping with a UL-SCH that carries low-priority traffic.
The issue here is that the indication of the arrival of the high-priority traffic might come late, if it has to wait till the end of the UL-SCH. It then makes senses to allow the transmission of the SR and prioritize the SR over UL-SCH in case a higher-priority traffic arrives compared to any traffic on the UL-SCH. Indeed, the SI has also concluded that “possible solutions include to define a prioritization handling rule to determine whether to transmit SR or PUSCH based on e.g. the priority of the LCH which triggers the SR and priorities of the data to be transmitted on the PUSCH resource.” It is rather straightforward to compare the priority of the LCH that triggers the SR and the highest priority of the LCH(s) on the UL-SCH. In addition, the UE might already be transmitting on the UL-SCH or is about to transmit on the UL-SCH. Therefore, we propose  
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc528856166][bookmark: _Toc1067786][bookmark: _Toc2938049][bookmark: _Toc2957360][bookmark: _Toc2959964][bookmark: _Toc2960023][bookmark: _Toc3295263][bookmark: _Toc4141987][bookmark: _Toc4142061][bookmark: _Toc4142133][bookmark: _Toc4573497][bookmark: _Toc4671736][bookmark: _Toc4671780]Allow sending SR on an overlapping UL-SCH resource, if the priority of the LCH that triggers the SR is strictly larger than the highest priority of the LCH(s) to be transmitted or is under transmission on the UL-SCH resource.
[bookmark: _GoBack]
From the above proposal 2, it is clear that if there is an overlapping transmission between SR and PUSCH, the SR has a higher priority. Once MAC instructs an overlapping transmission between SR and PUSCH per Proposal 2, possible physical layer mechanisms include that (a) SR terminates the PUSCH after transmission has started; (b) SR pre-empts PUSCH, PUSCH continues; (c) PUSCH is cancelled at PHY layer prior to starting PUSCH transmission. How this PHY layer procedure is done is up-to RAN1 to discuss. Nevertheless, RAN1 should be aware of this.
[bookmark: _Toc4142062][bookmark: _Toc4142134][bookmark: _Toc4573498][bookmark: _Toc4671737][bookmark: _Toc4671781]Send LS to RAN1 to specify PHY procedures related with overlapping transmission between SR and PUSCH with the understanding that SR has a higher priority.

Further impacts
[bookmark: _Toc347822666][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]The scenario we consider here is related with a faster indication from UE to gNB about an arrival of high-priority traffic while there is an ongoing long UL-SCH transmission for low-priority traffic, i.e., the UL-SCH resources do not meet the LCP mapping restrictions for high-priority traffic. In this scenario, a regular BSR is triggered for high-priority traffic. In addition to that, SR is also triggered since the UL-SCH resources do not meet the LCP mapping restrictions, according to clause 5.4.5 of TR 38.321. 
[bookmark: _Toc4141984][bookmark: _Toc4142136][bookmark: _Toc4573494][bookmark: _Toc2957357][bookmark: _Toc2959961][bookmark: _Toc2960019][bookmark: _Toc3295260][bookmark: _Toc4671327][bookmark: _Toc4671739][bookmark: _Toc4671778]If UL-SCH resources do not meet the LCP mapping restriction for a newly arrived high-priority data, both a buffer status report MAC CE and a scheduling request are triggered. 

We need to further distinguish two cases based on whether the BSR MAC CE can be included in the overlapping UL-SCH. 
In the first case where the BSR MAC CE can be included in the UL-SCH (i.e. the new high priority data is available soon enough prior to starting the UL-SCH transmission), the SR is cancelled according to clause 5.4.4 in TS 38.321. The problem still exists that network only knows the arrival of the new data in high-priority logical channel after the long UL-SCH transmission. In addition, the BSR MAC CE is sent on the UL-grant with low reliability target and gNB might not be able to decode correctly in the first transmission and further increase the latency. This problematic first case is illustrated in figure 1 below. In any case, the BSR MAC CE is received rather late, i.e. after decoding of the UL-SCH reception.
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Figure 1 BSR MAC CE included in UL-SCH and SR cancelled
Note that in light of the mapping between the logical channel and the SR configuration (as currently specified in the information element LogicalChannelConfig of the RRC spec TS 38.331), upon SR reception of a certain SR configuration, the network knows which logical channel requests UL resources and gNB can estimate needed grant size since we usually have a limited and known packet size for high-priority traffic.
In order to solve this first case wherein the BSR MAC CE can arrive late (or might not arrive at all), we need that the SR is not cancelled, if the BSR MAC CE is scheduled for transmission on a UL-grant that does not meet the LCP mapping restriction for LCH that triggers the SR. 
[bookmark: _Toc2959965][bookmark: _Toc2960024][bookmark: _Toc3295264][bookmark: _Toc4141988][bookmark: _Toc4142063][bookmark: _Toc4142135][bookmark: _Toc4573499][bookmark: _Toc4671738][bookmark: _Toc4671782]SR is not cancelled, if BSR MAC CE is included in a PDU and this PDU is to be transmitted on a grant that does not meet the LCP mapping restriction for LCH(s) that have data available according to the BSR MAC CE. 
The second case is that the BSR MAC CE is not included in the UL-SCH (i.e. the new high priority data is not available soon enough prior to starting the UL-SCH transmission or becomes available after transmission has started). The solution is straightforward by using the above proposal 2. The below figure 2 shows an example of this problematic second case.
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Figure 2  BSR MAC CE not-included in UL-SCH and SR cancelled

As stated above, once MAC instructs an overlapping transmission between SR and PUSCH per Proposal 2, possible physical layer mechanisms include that (a) SR terminates the PUSCH after transmission has started; (b) SR pre-empts PUSCH, PUSCH continues; (c) PUSCH is cancelled at PHY layer prior to starting PUSCH transmission. 
In addition, UE might skip the transmission on the PUSCH if it does not have data to transmit on this UL grant even though there is at least one MAC CE available for transmission (NOTE, this feature is currently configurable for dynamic grant and mandatory for configured grant). When considering case (c) above a gNB is not able to distinguish the following two cases when a SR needs to be sent from UE:
	Case 1
	UE has empty buffer; send SR over PUSCH

	Case 2
	UE has non-empty buffer; send SR over PUSCH but PUSCH is completely cancelled


A problem might occur if UE is in case 2 while gNB interpret it as case 1. Consider that the PUSCH is related with a configured grant. gNB might mis-interpret that UE has no data to send on PUSCH and does not send any feedback. This leads to that the buffer is flushed when configuredGrantTimer expires and, consequently, the data of the PUSCH i.e. the lower priority data as compared to the SR is lost. The SR would be received in this case though, so that scheduling of higher priority data can take place.
[bookmark: _Hlk2960021]One possible solution is that gNB allocates a re-transmission UL grant whenever it detects an SR transmitted on an overlapping UL-SCH corresponding to a grant or a configured grant. This way, losslessness of the lower priority data (relative to the LCH the SR corresponds to) can be ensured as well. 
A similar problem appears in the case of overlapping grants involving configured grants, as discussed in [1]. In [1], more solution candidates are discussed. We prefer a coherent solution to solve this issue in both scenarios. 
[bookmark: _Toc2959962]Conclusion
The following observations have been made:
Observation 1	If UL-SCH resources do not meet the LCP mapping restriction for a newly arrived high-priority data, both a buffer status report MAC CE and a scheduling request are triggered.
	
[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	RAN2 confirms to specify solving the issue that an SR triggered by high-priority traffic is refrained from transmission due to overlapping with a UL-SCH that carries low-priority traffic.
Proposal 2	Allow sending SR on an overlapping UL-SCH resource, if the priority of the LCH that triggers the SR is strictly larger than the highest priority of the LCH(s) to be transmitted or is under transmission on the UL-SCH resource.
Proposal 3	Send LS to RAN1 to specify PHY procedures related with overlapping transmission between SR and PUSCH with the understanding that SR has a higher priority.
Proposal 4	SR is not cancelled, if BSR MAC CE is included in a PDU and this PDU is to be transmitted on a grant that does not meet the LCP mapping restriction for LCH(s) that have data available according to the BSR MAC CE.
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[bookmark: _Toc525610795]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 logical channel that triggered the BSR (subclause 5.4.5) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR.
RRC configures the following parameters for the scheduling request procedure:
-	sr-ProhibitTimer (per SR configuration);
-	sr-TransMax (per SR configuration).
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) triggered prior to the MAC PDU assembly shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the MAC PDU is transmitted and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly and this PDU is to be transmitted on a grant that meets the LCP mapping restriction for LCH(s) that have data available according to the BSR MAC CE. All pending SR(s) shall be cancelled and each respective sr-ProhibitTimer shall be stopped 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 or if the priority of the logical channel that triggered the BSR is larger than the priority of any logical channel on the overlapping 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>	clear any PUSCH resources for semi-persistent CSI reporting;
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.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR which has no valid PUCCH resources configured, which was initiated by MAC entity prior to the MAC PDU assembly. Such a Random Access procedure may be stopped when the MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see subclause 5.4.5) prior to the MAC PDU assembly, or when the UL grant(s) can accommodate all pending data available for transmission.

Annex
Note that, the below green highlighted text does not start with “else if”.
	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:
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>  if a Regular BSR has been triggered and logicalChannelSR-DelayTimer is not running:
3>  if there is no UL-SCH resource available for a new transmission; or
3>  if the MAC entity is configured with configured uplink grant(s) and the Regular BSR was not triggered for a logical channel for which logical channel SR masking (logicalChannelSR-Mask) is setup by upper layers; or
3>  if the UL-SCH resources available for a new transmission do not meet the LCP mapping restrictions (see subclause 5.4.3.1) configured for the logical channel(s) that triggered the BSR(s):
4>  trigger a Scheduling Request.


Even though a BSR MAC CE can be generated, a scheduling request is still triggered due to LCP mapping restriction.

One of the conditions to instruct the physical layer to signal the SR on one valid PUCCH resource for SR is that the PUCCH resource for the SR transmission occasion does not overlap with a UL-SCH resource. 
	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>	clear any PUSCH resources for semi-persistent CSI reporting;
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.
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