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Introduction
In RAN2#112e, RAN2 discussed the treatment of SR and Data for the case when the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant, and the SR and the UL grant are of the same L1 priority [3]. RAN2 sent an LS to RAN1 to confirm the intended behavior [1]. RAN1 provided in R1-2102244 [2] a Reply LS for overlapping SR/Data, which has been discussed by RAN2 in RAN2#113bis-e but no conclusion was reached. 
In connection with the RAN1 understanding in [2], this contribution looks at overlapping SR/Data considering what happens when a) MAC is not aware of the outcome of the UCI multiplexing or b) MAC is aware the outcome of the UCI multiplexing in PHY. 
As indicated during the last RAN2 meeting we would like to explore how understanding 2 can be enabled. In this contribution, we look at ways how to achieve that. Further, the current MAC specification is not very specific such that different understandings may be possible. We would like to clarify the terminology in this regard. Note that our RAN1 contribution in [6] contains additional information from a physical layer perspective.

Background
MAC procedures for handling a Scheduling Request (SR) overlapping with a UL grant are specified in sections 5.4.1 and 5.4.4 of TS 38.321. MAC initially knows the RRC configured PUCCH resource for SR while the final PUCCH resource (selected after completion of the UCI multiplexing in the PHY layer) can be determined by the UE as part of the later MAC procedure. This especially relates to the following part in the MAC specification. 
Table 1: SR configuration and SR transmission occasion
	TS 38.321, sub-clause 5.4.4
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.
…
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 clause 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:
3>	if the PUCCH resource for the SR transmission occasion overlaps with neither a UL-SCH resource nor an SL-SCH resource; or
3>	if the MAC entity is able to perform this SR transmission simultaneously with the transmission of the SL-SCH resource; or
3>	if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or with the PUSCH duration of a MSGA payload, and the PUCCH resource for the SR transmission occasion for the pending SR triggered as specfied in clause 5.4.5 overlaps with any other UL-SCH resource(s), and the physical layer can signal the SR on one valid PUCCH resource for SR, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant(s) for any UL-SCH resource(s) where the uplink grant was not already de-prioritized, and the priority of the uplink grant is determined as specified in clause 5.4.1; or
…
4>	consider the SR transmission as a prioritized SR transmission.
4>	consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
…
4>	if SR_COUNTER < sr-TransMax:
5>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;



Discussion
Comparison and Analysis
RAN1 in the LS to RAN2 [2] considered two different paths of understanding as to how much information is available in MAC about the outcome of the UCI multiplexing in PHY. 
· Option A (understanding 1): MAC is not aware of the final result of the UCI multiplexing in PHY. This understanding has been traditionally used when Rel-16 UL skipping is not configured. 
· Option B (understanding 2): MAC is aware of the final result of the UCI multiplexing in PHY. This requires that MAC takes into account the final PUCCH resource from PHY.
We would like to clarify the understanding and explore if the MAC specification can be enhanced to consider the result of the UCI multiplexing in PHY for selection of SR vs Data. When Rel-16 UL skipping is configured together with lch-basedPrioritization, option B can be beneficial. Furthermore, RAN2 should clarify the terminology with respect to the notion of one valid PUCCH resource in MAC. 
Let’s first recap the current procedure. For overlapping SR/PUSCH, when MAC prioritizes SR transmission the UE adheres to the following behavior. 
For SR/PUSCH overlapping in time and when SR has higher LCH priority, if MAC has not yet delivered a MAC PDU for the PUSCH to PHY, MAC instructs the physical layer to signal only SR. Otherwise, if a MAC PDU has already been delivered to PHY, MAC still signals SR and PHY drops either the PUSCH or SR. 
In case MAC delivered both SR and PUSCH to PHY, the dropping behavior is based on L1 priority. If the L1 priority of SR and PUSCH is different and the UE supports intra-UE multiplexing/prioritization of overlapping PUCCH/PUSCH with two priority levels in the physical layer (UE capability ul-IntraUE-Mux-r16), PHY drops the transmission of lower L1 priority level. Otherwise, or if SR and PUSCH have the same L1 priority and overlap in time, the PHY behavior is defined as SR is dropped and PUSCH is transmitted. This is following Rel-15 behavior. 
The only exception is for PUSCH without UL-SCH where, according to TS 38.213, the PUSCH is dropped. This is because a PUSCH without UL-SCH is transparent to MAC, and such a PUSCH can never include BSR. Therefore, SR is given a higher precedence in the PHY procedures here.
Observation 1: If MAC delivers both SR and PUSCH and they overlap in time, PHY drops either SR or PUSCH. For same L1 priority, as PHY does not have a notion of LCH priority, it can happen that the transmission of higher LCH priority gets dropped by PHY. This is not intended by the RAN2 procedures.
Proposal 1: For SR and PUSCH of equal L1 priority overlapping in time, in order to facilitate an ability to drop the transmission of lower LCH priority, MAC delivers to the physical layer only SR or PUSCH but not both. 
Table 2 summarizes the overlapping SR/Data cases from two different angles in accordance with the perspectives taken by RAN1 in [2]. We list some key aspects for consideration and try to explore the benefits of each of the options. Option A follows the understanding that MAC is not aware of the UCI multiplexing in PHY. Option B explores what happens if MAC takes into account the outcome of the UCI multiplexing in PHY. 
Table 2: Summary of overlapping SR/Data options
	Cases identified by RAN1
	Option A
MAC does not take into account the result of UCI multiplexing in PHY
	Option B
MAC takes into account the result of UCI multiplexing in PHY

	

Case 1: only SR overlaps with PUSCH of equal L1 priority
	Both MAC and PHY select the same PUCCH resource, therefore, there is no need for MAC to know the outcome of the UCI multiplexing in PHY. 
	There should not be any difference between RRC configured valid SR PUCCH resource and final PUCCH resource for SR.
PUCCH transmission timing can assist MAC to select either PUSCH or SR.

	

Case 2-1: the final PUCCH resource after UCI multiplexing does not overlap with PUSCH
	MAC layer behavior aligns with RAN1 understanding 1.
Either SR or PUSCH is left out although PHY can transmit both.
MAC delives either SR or PUSCH, however, as the final PUCCH resource does not have an overlap, both SR and PUSCH could be sent, but one of them is unnecessarily dropped (or not considered).
	MAC layer behavior aligns with RAN1 understanding 2.
Both SR and PUSCH can be transmitted.
Pro: MAC is able to identify there is no overlap, hence both SR and PUSCH can be delivered to PHY. 
Note there is going to be a different UCI multiplexing outcome depending on whether the SR is positive or negative. This affects both UL skipping and SR.
Case 2-1(a): If SR is positive as in the figure then there is no overlap. But if SR is negative, AN/CSI comes as part of PUSCH.
Case 2-1(b): If SR is positive as in the figure then there is no overlap. And if SR is negative, assuming sufficient timeline AN/CSI got transmitted earlier and it is not part of the PUSCH either. 

	

Case 2-2: the final PUCCH resource after UCI multiplexing overlaps with PUSCH
	MAC layer behavior aligns with RAN1 understanding 2.
MAC selects either SR or PUSCH.
Con: MAC delivers either SR or PUSCH while in case 2-2(b), if SR is not present, PHY may actually transmit AN/CSI and PUSCH separately. 
If MAC sends both a MAC PDU and SR while expecting SR to be prioritized due to LCH based prioritization, SR gets dropped in PHY according to Rel-15 behavior, which applies for equal L1 priorities. 
	MAC layer behavior aligns with RAN1 understanding 2.
MAC knowledge of the final PUCCH resource may not lead to a different outcome for the selection of SR vs PUSCH in MAC, as anyway either SR or PUSCH can be sent. 
If the final PUCCH resource was known in advance, may, in some cases and when SR is negative, allow AN/CSI over a separate PUCCH even before the PUSCH, however there is a timing constraint related with the evaluation of SR status. 

	

Case 3: other UCI(s) overlaps with a PUSCH, SR overlaps with the PUSCH, SR does not overlap with other UCI(s)
	MAC layer behavior aligns with RAN1 understanding 2.
MAC selects either SR or PUSCH.
	MAC layer behavior aligns with RAN1 understanding 2.
No immediate advantage, since the final PUCCH resource does not change. However, extra knowledge can assist MAC in taking the decision.
MAC selects either SR or PUSCH.

	[image: cid:image001.png@01D6FBC1.DD0FD2F0]
Case 4: other UCI(s) overlaps with SR of an equal L1 priority, but SR does not overlap with the PUSCH of an equal L1 priority
	MAC layer behavior aligns with RAN1 understanding 1.
MAC assumes both SR and PUSCH can be transmitted by the physical layer. In reality, PHY multiplexes SR with AN/CSI and selects either the transmission with SR or the PUSCH.
Con: PHY may happen to drop the transmission of higher LCH priority, which is not intended from RAN2 perspective.
	MAC layer behavior aligns with RAN1 understanding 2.
Pro: Complexity reduction. If the final PUCCH resource was known to MAC, either SR or PUSCH can be delivered.
The transmission with the higher LCH priority can be selected for transmission, no accidential dropping.



As can be seen from table 2, when lch-basedPrioritization is configured and assuming MAC is unaware of the final PUCCH resource following UCI multiplexing in PHY, the UE may end up with unnecessary SR/PUSCH dropping (when the final PUCCH isn’t overlapping with PUSCH) or unexpected SR dropping (when the final PUCCH is overlapping with PUSCH). We would like to enable RAN1 understanding 2 (option B) in the specification because it is beneficial in terms of performance.
Observation 2: When MAC is unaware of the final PUCCH resource the UE may end up with unnecessary SR/PUSCH dropping or unexpected SR dropping.
If Rel-16 UL skipping (enhancedSkipUplinkTxDynamic and/or enhancedSkipUplinkTxConfigured) is not configured or the UE follows Rel-15 UL skipping behavior according to the RAN1 procedures, the UE should theoretically do the UCI multiplexing after MAC delivers a MAC PDU (or SR) to PHY. For Rel-16, RAN1 has taken the decision that a PUSCH with UCI multiplexing cannot be skipped. As a consequence, PHY indicates to MAC whether a PUSCH is meant to carry UCI. Then if UL skipping is configured in Rel-16, a decision about UCI multiplexing in PHY needs to happen already before MAC processing, that is, just in time before logical channel prioritization (LCP) starts. Therefore, it is feasible that MAC can be aware of the outcome of the UCI multiplexing in PHY.
Without Rel-16 UL skipping
UL transmission and UCI multiplexing in Rel-15, or when Rel-16 UL skipping is not configured (highly simplified, and assuming MAC always generates a MAC PDU for one UL grant):
1) PHY indicates a UL grant to MAC.
2) MAC prioritizes the grant (in case of intra-UE prioritization), and generates a MAC PDU.
3) PHY perfoms UCI multiplexing (multiplexing PUCCH on PUSCH) based on actual Tx.
SR transmission per the existing procedure:
1) MAC triggers as part of the BSR procedure a Scheduling Request, which becomes a pending SR.
2) MAC identifies based on the RRC/SR configuration corresponding to the physical layer resources on PUCCH one (or multiple) PUCCH resource(s) where the UE may send its dedicated SR.
3) MAC perfoms LCH-based prioritization, and the UE validates the result of intra-UE prioritization in PHY by checking if the physical layer can signal the SR on one valid PUCCH resource for SR. The final result of UCI multiplexing is not checked.
4) Assuming the SR was considered after step 3 as prioritized SR transmission, MAC instructs the physical layer to signal the SR on one valid PUCCH resource for SR.
With Rel-16 UL skipping
The exact RAN1 details are yet to be finalized (especially for the case with intra-UE prioritization). An initial understanding of the expected behavior can be captured based on [6] as sketched below.
UL transmission (simplified):
1) PHY identifies a PUSCH and/or a set of PUCCHs for UCI multiplexing.
2) PHY indicates to MAC the PUSCH selected for UCI multiplexing, e.g., in a grant indication.
3) MAC accommodates PHY’s request for UCI multiplexing as a target for MAC PDU generation. In parallel, PHY assumes the previously identified PUSCH is available for UCI multiplexing, and PHY may perform further preparatory processing for UCI multiplexing.
4) PHY receives a transport block (or SR) from MAC, and finalizes PUCCH/PUSCH transmission. 
For Step 1, PHY needs to first identify a PUSCH for UCI multiplexing, if any, and as MAC has not made a decision whether (and for which grant) a MAC PDU will be generated, the selection of PUSCH for UCI multiplexing in step 1 has to be over hypothetical PUSCH transmissions assumed by PHY at the time, rather than actual PUSCH transmissions as in Rel-15 or prior to the RAN1#102e agreement for Rel-16 UL skipping. 
SR transmission - updated procedure (simplified):
1) MAC triggers as part of the BSR procedure a Scheduling Request, which becomes a pending SR.
2) MAC identifies based on the RRC/SR configuration corresponding to the physical layer resources on PUCCH one (or multiple) PUCCH resource(s) where the UE may send its dedicated SR.
3) MAC perfoms LCH-based prioritization, and the UE verifies the timeline and/or the result of intra-UE prioritization by checking if the physical layer can signal the SR on one valid PUCCH resource for SR. The final result of the UCI multiplexing can be taken into account at this stage. Note that this may change the PUSCH skipping decision (e.g., if as a result of the UCI multiplexing the HARQ-ACK/CSI no longer overlaps with a PUSCH).
4) Assuming the SR was considered at step 3 as prioritized SR transmission, MAC instructs the physical layer to signal the SR on one valid PUCCH resource for SR.
Observation 3: If Rel-16 UL skipping is configured, the processing order of UCI multiplexing in PHY implies that MAC can be aware of the outcome of the UCI multiplexing. 
Observation 4: MAC awareness of the result of the UCI multiplexing in PHY enables better use of radio resources and reduces complexity when Rel-16 UL skipping and intra-UE prioritization are both required.

Terminology
The current MAC specification is not very clear as to whether the MAC layer operates according to option A or option B. We would like to clarify the terminology in this regard. From UE PHY point of view “SR transmission” can be interpreted as the final PUCCH resource. 
Table 3: Terminology
	Terminology in TS 38.321
Clause 5.4.1 uses during LCH-based UL Grant prioritization the term
a) “PUCCH resource with an SR transmission” or 
b) "SR transmission"
Clause 5.4.4 uses at least three (four) terms
c) “valid PUCCH resource configured for the pending SR”
d) “valid PUCCH resource” 
e) "one valid PUCCH resource"
f) “SR transmission”
where 
c) is the RRC configured SR-PUCCH resource, 
d) is the superset of possible combinations of PUCCH resources on a BWP active at the time of a SR transmission occasion. Note that the MAC spec defines a "valid PUCCH" as "PUCCH resources on a BWP which is active at the time of SR transmission occasion”,
e) is a specific PUCCH resource that the physical layer can use to signal SR, and
b) and f) can be interpreted as the final PUCCH resource from UE PHY point of view.
Lastly the SR transmission occasion highlighted in table 2 at “PUCCH resource for the SR transmission occasion does not overlap with a measurement gap” can be interpreted as either the SR-PUCCH resource configured by RRC or the final PUCCH resource after UCI multiplexing, but it doesn’t make a difference as the measurement gap is always aligned to full slots (UCI multiplexing does not move the final PUCCH across slot boundary).



Whichever option (A or B) gets confirmed by RAN2, the interpretation should apply to TS 38.321 not only in clause 5.4.4 but also in 5.4.1 (UL grant prioritization). We think that e) can be interpreted as the final PUCCH resource after UCI multiplexing. That is, at e) the UE verifies the timeline and/or the result of intra-UE prioritization and whether the physical layer can signal the SR on one valid PUCCH resource. The final result of the UCI multiplexing can be taken into account at this stage. Note that this step may change the PUSCH skipping decision (for example, the final UCI for HARQ-ACK/CSI may no longer overlap with a PUSCH as in RAN1 case 2-1(a)) – anyhow, UCI for HARQ-ACK/CSI is only checked when logical channel prioritization (LCP) is due (clause 5.4.3.1.3). 
Further, SR_COUNTER, sr-TransMax and sr-ProhibitTimer are all linked to the SR config of a logical channel, which is also called the SR configuration corresponding to the physical layer resources on PUCCH where the UE may send its dedicated SR (38.213, clause 9.2.4 / PUCCH config). Therefore, the intended UE behavior should be to select one valid PUCCH resource to signal SR.
At least a) and e) should use a similar terminology. On the other hand, both a) and e) are already connected with f). From UE PHY point of view “SR transmission” can be interpreted as the final PUCCH resource. 
The MAC layer is required to instruct the physical layer to signal SR on one valid PUCCH resource. In our understanding, “valid PUCCH resource” refers the superset of RRC configured PUCCH resource(s) for SR, and “one valid PUCCH resource” and “SR transmission” can be interpreted as the final PUCCH resource after UCI multiplexing when lch-basedPrioritization and R16 UL skipping are both configured. 
Note that the condition “one valid PUCCH resource for SR” has already been there in Rel-15 where other SR conditions exist in a similar fashion around. In Rel-15, “one valid PUCCH resource” identifies a PUCCH where UCI multiplexing runs afterwards while in Rel-16 with UL skipping enabled, “one valid PUCCH resource” can be interpreted as the final PUCCH resource after UCI multiplexing (as explained in section 3.1). We would like to propose that RAN2 clarifies the understanding by adding a NOTE to the MAC specification while ensuring consistency between clauses 5.4.1 and 5.4.4. A draft TP can be found in the annex in chapter 6. 
Proposal 2: RAN2 to discuss whether the terminology for SR transmission needs to be clarified if UCI multiplexing is taken into account by MAC.

Summary
In light of a modified UCI multiplexing behavior for Rel-16 UL skipping (enhancedSkipUplinkTxDynamic and/or enhancedSkipUplinkTxConfigured) the MAC layer should allow RAN1 understanding 2 when lch-basedPrioritization is configured and when R16 UL skipping is enabled (so as to reduce double-decoding at the gNB and to enable a deterministic behavior). For a more optimized solution MAC can take the outcome of the UCI multiplexing into account during treatment of UCI when UL skipping is enabled. We propose that the RAN2 understanding is clarified in the MAC specification. A draft TP can be found in the annex in chapter 6. 
Proposal 3: For SR overlapping with other UCI(s), MAC shall not deliver an SR that cannot be transmitted due to collision with transmission and UCI multiplexing in PHY. RAN2 confirms that the MAC layer takes into account the result of UCI multiplexing in PHY into account if Rel-16 PUSCH skipping is enabled and LCH-based prioritization is configured.
According to the RAN2 working assumption [4] on Rel-16 UL skipping when lch-basedPrioritization is configured, which was confirmed in the last RAN2 meeting [8], lch-basedPrioritization takes precedence over UL skipping in Rel-16. Therefore, understanding 2 can be applied in all cases identified by RAN1. 
	[019] Working assumption: The MAC entity does not generate a MAC PDU for a deprioritized uplink grant even when its associated PUSCH is overlapping with PUCCH.
Confirm the WA that LCH based prio has higher priority than UL skipping still applies, and we expect that if there are issues, RAN1 will come-back.




Proposal 4: After review of overlapped SR/Data cases in the Reply LS from RAN1 [2], RAN2 confirms RAN1 understanding 2 is the intended MAC layer behavior. 
If the aim is to enable a deterministic behavior while keeping flexibility for different implementations in RAN2, one possibility is to protect the understanding (option A or B) with a new UE capability. Thus as an additional proposal in case companies prefer to add a capability for option A/B above, we propose two alternative options. 
Proposal 5: RAN2 to discuss the splitting of SR and DATA capability for Rel-16 UL skipping enhancement.
P5 Alt 1> For SR overlapping with other UCI(s), whether or not MAC takes the final PUCCH after UCI multiplexing into account is enabled by a new UE capability
P5 Alt 2> The combination of LCH-based prioritization and UL skipping is supported through separate capabilities for SR/data and data/data.
· UE capability 1: Support LCH-based prioritization between overlapping SR/PUSCH when enhanced UL skipping is configured. The configuration is enabled through a new RRC parameter. 
· UE capability 2: Support LCH-based prioritization between overlapping data/data when enhanced UL skipping is configured. The configuration is enabled through a new RRC parameter.

Conclusions
This paper discusses aspects related with overlapping SR/Data and proposes a potential enhancement. We have the following observations and proposals:
Observation 1: If MAC delivers both SR and PUSCH and they overlap in time, PHY drops either SR or PUSCH. For same L1 priority, as PHY does not have a notion of LCH priority, it can happen that the transmission of higher LCH priority gets dropped by PHY. This is not intended by the RAN2 procedures.
Proposal 1: For SR and PUSCH of equal L1 priority overlapping in time, in order to facilitate an ability to drop the transmission of lower LCH priority, MAC delivers to the physical layer only SR or PUSCH but not both. 
Observation 2: When MAC is unaware of the final PUCCH resource the UE may end up with unnecessary SR/PUSCH dropping or unexpected SR dropping.
Observation 3: If Rel-16 UL skipping is configured, the processing order of UCI multiplexing in PHY implies that MAC can be aware of the outcome of the UCI multiplexing. 
Observation 4: MAC awareness of the result of the UCI multiplexing in PHY enables better use of radio resources and reduces complexity when Rel-16 UL skipping and intra-UE prioritization are both required.
Proposal 2: RAN2 to discuss whether the terminology for SR transmission needs to be clarified if UCI multiplexing is taken into account by MAC.
Proposal 3: For SR overlapping with other UCI(s), MAC shall not deliver an SR that cannot be transmitted due to collision with transmission and UCI multiplexing in PHY. RAN2 confirms that the MAC layer takes into account the result of UCI multiplexing in PHY if Rel-16 PUSCH skipping is enabled and LCH-based prioritization is configured.
Proposal 4: After review of overlapped SR/Data cases in the Reply LS from RAN1 [2], RAN2 confirms RAN1 understanding 2 is the intended MAC layer behavior.
Proposal 5: RAN2 to discuss the splitting of SR and DATA capability for Rel-16 UL skipping enhancement.
P5 Alt 1> For SR overlapping with other UCI(s), whether or not MAC takes the final PUCCH after UCI multiplexing into account is enabled by a new UE capability
P5 Alt 2> The combination of LCH-based prioritization and UL skipping is supported through separate capabilities for SR/data and data/data.
· UE capability 1: Support LCH-based prioritization between overlapping SR/PUSCH when enhanced UL skipping is configured. The configuration is enabled through a new RRC parameter. 
· UE capability 2: Support LCH-based prioritization between overlapping data/data when enhanced UL skipping is configured. The configuration is enabled through a new RRC parameter.
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Annex TP
TS 38.321 v16.4.0
START OF CHANGES
[bookmark: _Toc29239834][bookmark: _Toc37296193][bookmark: _Toc46490319][bookmark: _Toc52752014][bookmark: _Toc52796476][bookmark: _Toc67931535][bookmark: _Toc46490344][bookmark: _Toc52752039][bookmark: _Toc52796501][bookmark: _Toc67931560][bookmark: _Toc29239842][bookmark: _Toc37296201][bookmark: _Toc46490327][bookmark: _Toc52752022][bookmark: _Toc52796484]5.4.1	UL Grant reception
Uplink grant is either received dynamically on the PDCCH, in a Random Access Response, configured semi-persistently by RRC or determined to be associated with the PUSCH resource of MSGA as specified in clause 5.1.2a. The MAC entity shall have an uplink grant to transmit on the UL-SCH. To perform the requested transmissions, the MAC layer receives HARQ information from lower layers. An uplink grant addressed to CS-RNTI with NDI = 0 is considered as a configured uplink grant. An uplink grant addressed to CS-RNTI with NDI = 1 is considered as a dynamic uplink grant.
If the MAC entity has a C-RNTI, a Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion and for each Serving Cell belonging to a TAG that has a running timeAlignmentTimer and for each grant received for this PDCCH occasion:
1>	if an uplink grant for this Serving Cell has been received on the PDCCH for the MAC entity's C-RNTI or Temporary C-RNTI; or
1>	if an uplink grant has been received in a Random Access Response:
2>	if the uplink grant is for MAC entity's C-RNTI and if the previous uplink grant delivered to the HARQ entity for the same HARQ process was either an uplink grant received for the MAC entity's CS-RNTI or a configured uplink grant:
3>	consider the NDI to have been toggled for the corresponding HARQ process regardless of the value of the NDI.
2>	if the uplink grant is for MAC entity's C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
3>	start or restart the configuredGrantTimer for the corresponding HARQ process, if configured.
3>	stop the cg-RetransmissionTimer for the corresponding HARQ process, if running.
2>	deliver the uplink grant and the associated HARQ information to the HARQ entity.
1>	else if an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity's CS-RNTI:
2>	if the NDI in the received HARQ information is 1:
3>	consider the NDI for the corresponding HARQ process not to have been toggled;
3>	start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;
3>	stop the cg-RetransmissionTimer for the corresponding HARQ process, if running;
3>	deliver the uplink grant and the associated HARQ information to the HARQ entity.
2>	else if the NDI in the received HARQ information is 0:
3>	if PDCCH contents indicate configured grant Type 2 deactivation:
4>	trigger configured uplink grant confirmation.
3>	else if PDCCH contents indicate configured grant Type 2 activation:
4>	trigger configured uplink grant confirmation;
4>	store the uplink grant for this Serving Cell and the associated HARQ information as configured uplink grant;
4>	initialise or re-initialise the configured uplink grant for this Serving Cell to start in the associated PUSCH duration and to recur according to rules in clause 5.8.2;
4>	stop the configuredGrantTimer for the corresponding HARQ process, if running;
4>	stop the cg-RetransmissionTimer for the corresponding HARQ process, if running.
For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
1>	if the MAC entity is configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or the PUSCH duration of a MSGA payload for this Serving Cell; or
1>	if the MAC entity is not configured with lch-basedPrioritization, and the PUSCH duration of the configured uplink grant does not overlap with the PUSCH duration of an uplink grant received on the PDCCH or in a Random Access Response or the PUSCH duration of a MSGA payload for this Serving Cell:
2>	set the HARQ Process ID to the HARQ Process ID associated with this PUSCH duration;
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;
3>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
2>	else if the cg-RetransmissionTimer for the corresponding HARQ process is configured and not running, then for the corresponding HARQ process:
[bookmark: _Hlk23460335]3>	if the configuredGrantTimer is not running, and the HARQ process is not pending (i.e. new transmission):
4>	consider the NDI bit to have been toggled;
4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
3>	else if the previous uplink grant delivered to the HARQ entity for the same HARQ process was a configured uplink grant (i.e. retransmission on configured grant):
[bookmark: _Hlk23460367]4>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.
For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation selects an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.
NOTE 1:	CURRENT_symbol refers to the symbol index of the first transmission occasion of a bundle of configured uplink grant.
NOTE 2:	A HARQ process is configured for a configured uplink grant where neither harq-ProcID-Offset nor harq-ProcID-Offset2 is configured, if the configured uplink grant is activated and the associated HARQ process ID is less than nrofHARQ-Processes. A HARQ process is configured for a configured uplink grant where harq-ProcID-Offset2 is configured, if the configured uplink grant is activated and the associated HARQ process ID is greater than or equal to harq-ProcID-Offset2 and less than sum of harq-ProcID-Offset2 and nrofHARQ-Processes for the configured grant configuration.
NOTE 3:	If the MAC entity receives a grant in a Random Access Response (i.e. MAC RAR or fallbackRAR) or determines a grant as specified in clause 5.1.2a for MSGA payload and if the MAC entity also receives an overlapping grant for its C-RNTI or CS-RNTI, requiring concurrent transmissions on the SpCell, the MAC entity may choose to continue with either the grant for its RA-RNTI/MSGB-RNTI/the MSGA payload transmission or the grant for its C-RNTI or CS-RNTI.
NOTE 4:	In case of unaligned SFN across carriers in a cell group, the SFN of the concerned Serving Cell is used to calculate the HARQ Process ID used for configured uplink grants.
NOTE 5:	If cg-RetransmissionTimer is not configured, a HARQ process is not shared between different configured grant configurations in the same BWP.
For the MAC entity configured with lch-basedPrioritization, priority of an uplink grant is determined by the highest priority among priorities of the logical channels that are multiplexed (i.e. the MAC PDU to transmit is already stored in the HARQ buffer) or have data available that can be multiplexed (i.e. the MAC PDU to transmit is not stored in the HARQ buffer) in the MAC PDU, according to the mapping restrictions as described in clause 5.4.3.1.2. The priority of an uplink grant for which no data for logical channels is multiplexed or can be multiplexed in the MAC PDU is lower than either the priority of an uplink grant for which data for any logical channels is multiplexed or can be multiplexed in the MAC PDU or the priority of the logical channel triggering an SR.
For the MAC entity configured with lch-basedPrioritization, if the corresponding PUSCH transmission of a configured uplink grant is cancelled by CI-RNTI as specified in clause 11.2A of TS 38.213 [6] or cancelled by a high PHY-priority PUCCH transmission as specified in clause 9 of TS 38.213 [6], this configured uplink grant is considered as a de-prioritized uplink grant. If this deprioritized uplink grant is configured with autonomousTx, the configuredGrantTimer for the corresponding HARQ process of this de-prioritized uplink grant shall be stopped if it is running.
When the MAC entity is configured with lch-basedPrioritization, for each uplink grant whose associated PUSCH can be transmitted by lower layers, the MAC entity shall:
1>	if this uplink grant is received in a Random Access Response (i.e. in a MAC RAR or fallback RAR), or addressed to Temporary C-RNTI, or is determined as specified in clause 5.1.2a for the transmission of the MSGA payload:
2>	consider this uplink grant as a prioritized uplink grant.
1>	else if this uplink grant is addressed to CS-RNTI with NDI = 1 or C-RNTI:
2>	if there is no overlapping PUSCH duration of a configured uplink grant which was not already de-prioritized, in the same BWP whose priority is higher than the priority of the uplink grant; and
2>	if there is no overlapping PUCCH resource with an SR transmission that the physical layer can signal on one valid PUCCH resource for SR which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>	consider this uplink grant as a prioritized uplink grant;
3>	consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
3>	consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).
1>	else if this uplink grant is a configured uplink grant:
2>	if there is no overlapping PUSCH duration of another configured uplink grant which was not already de-prioritized, in the same BWP, whose priority is higher than the priority of the uplink grant; and
2>	if there is no overlapping PUSCH duration of an uplink grant addressed to CS-RNTI with NDI = 1 or C-RNTI which was not already de-prioritized, in the same BWP, whose priority is higher than or equal to the priority of the uplink grant; and
2>	if there is no overlapping PUCCH resource with an SR transmission that the physical layer can signal on one valid PUCCH resource for SR which was not already de-prioritized and the priority of the logical channel that triggered the SR is higher than the priority of the uplink grant:
3>	consider this uplink grant as a prioritized uplink grant;
3>	consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
3>	if the de-prioritized uplink grant(s) is a configured uplink grant configured with autonomousTx whose PUSCH has already started:
4>	stop the configuredGrantTimer for the corresponding HARQ process of the de-prioritized uplink grant(s).
[bookmark: _Hlk34410642]3>	consider the other overlapping SR transmission(s), if any, as a de-prioritized SR transmission(s).
NOTE 6:	If the MAC entity is configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants whose priorities are equal, the prioritized uplink grant is determined by UE implementation.
NOTE 7:	If the MAC entity is not configured with lch-basedPrioritization and if there is overlapping PUSCH duration of at least two configured uplink grants, it is up to UE implementation to choose one of the configured uplink grants.
NOTE 8: 	If the MAC entity is configured with lch-basedPrioritization and enhancedSkipUplinkTxDynamic or enhancedSkipUplinkTxConfigured and if a PUCCH resource with an SR transmission overlaps with other UCI(s), the UE determines one valid PUCCH resource for transmission of UCI according to the procedure specified in TS 38.213 [6] clause 9.2.5.
START OF NEXT CHANGES
[bookmark: _Toc37296203][bookmark: _Toc46490329][bookmark: _Toc52752024][bookmark: _Toc52796486][bookmark: _Toc67931545]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 or for SCell beam failure recovery (see clause 5.17) and for consistent LBT failure recovery (see clause 5.21), at most one PUCCH resource for SR is configured per BWP.
Each SR configuration corresponds to one or more logical channels and/or to SCell beam failure recovery and/or to consistent LBT failure recovery. Each logical channel, SCell beam failure recovery, and consistent LBT failure recovery, may be mapped to zero or one SR configuration, which is configured by RRC. The SR configuration of the logical channel that triggered a BSR (clause 5.4.5) or the SCell beam failure recovery or the consistent LBT failure recovery (clause 5.21) (if such a configuration exists) is considered as corresponding SR configuration for the triggered SR. Any SR configuration may be used for an SR triggered by Pre-emptive BSR (clause 5.4.7).
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) for BSR triggered according to the BSR procedure (clause 5.4.5) 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 Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly. All pending SR(s) for BSR triggered according to the BSR procedure (clause 5.4.5) shall be cancelled and each respective sr-ProhibitTimer shall be stopped when the UL grant(s) can accommodate all pending data available for transmission.
The MAC entity shall for each pending SR not triggered according to the BSR procedure (clause 5.4.5) for a Serving Cell:
1>	if this SR was triggered by Pre-emptive BSR procedure (see clause 5.4.7) prior to the MAC PDU assembly and a MAC PDU containing the relevant Pre-emptive BSR MAC CE is transmitted; or
1>	if this SR was triggered by beam failure recovery (see clause 5.17) of an SCell and a MAC PDU is transmitted and this PDU includes a BFR MAC CE or a Truncated BFR MAC CE which contains beam failure recovery information for this SCell; or
1>	if this SR was triggered by beam failure recovery (see clause 5.17) of an SCell and this SCell is deactivated (see clause 5.9); or
1>	if this SR was triggered by consistent LBT failure recovery (see clause 5.21) of an SCell and a MAC PDU is transmitted and the MAC PDU includes an LBT failure MAC CE that indicates consistent LBT failure for this SCell; or
1>	if this SR was triggered by consistent LBT failure recovery (see clause 5.21) of an SCell and all the triggered consistent LBT failure(s) for this SCell are cancelled:
2>	cancel the pending SR and stop the corresponding sr-ProhibitTimer, if running.
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 clause 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:
3>	if the PUCCH resource for the SR transmission occasion overlaps with neither a UL-SCH resource nor an SL-SCH resource; or
3>	if the MAC entity is able to perform this SR transmission simultaneously with the transmission of the SL-SCH resource; or
3>	if the MAC entity is configured with lch-basedPrioritization, and the PUCCH resource for the SR transmission occasion does not overlap with the PUSCH duration of an uplink grant received in a Random Access Response or with the PUSCH duration of an uplink grant addressed to Temporary C-RNTI or with the PUSCH duration of a MSGA payload, and the PUCCH resource for the SR transmission occasion for the pending SR triggered as specified in clause 5.4.5 overlaps with any other UL-SCH resource(s), and the physical layer can signal the SR on one valid PUCCH resource for SR, and the priority of the logical channel that triggered SR is higher than the priority of the uplink grant(s) for any UL-SCH resource(s) where the uplink grant was not already de-prioritized, and the priority of the uplink grant is determined as specified in clause 5.4.1; or
3>	if both sl-PrioritizationThres and ul-PrioritizationThres are configured and the PUCCH resource for the SR transmission occasion for the pending SR triggered as specified in clause 5.22.1.5 overlaps with any UL-SCH resource(s) carrying a MAC PDU, and the value of the priority of the triggered SR determined as specified in clause 5.22.1.5 is lower than sl-PrioritizationThres and the value of the highest priority of the logical channel(s) in the MAC PDU is higher than or eqaul to ul-PrioritizationThres and the MAC PDU is not prioritized by upper layer according to TS 23.287 [19]; or
3>	if a SL-SCH resource overlaps with the PUCCH resource for the SR transmission occasion for the pending SR triggered as specified in clause 5.4.5, and the MAC entity is not able to perform this SR transmission simultaneously with the transmission of the SL-SCH resource, and either transmission on the SL-SCH resource is not prioritized as described in clause 5.22.1.3.1a or the priority value of the logical channel that triggered SR is lower than ul-PrioritizationThres, if configured; or
3>	if a SL-SCH resource overlaps with the PUCCH resource for the SR transmission occasion for the pending SR triggered as specified in clause 5.22.1.5, and the MAC entity is not able to perform this SR transmission simultaneously with the transmission of the SL-SCH resource, and the priority of the triggered SR determined as specified in clause 5.22.1.5 is higher than the priority of the MAC PDU determined as specified in clause 5.22.1.3.1a for the SL-SCH resource:
[bookmark: _Hlk36893044]4>	consider the SR transmission as a prioritized SR transmission.
4>	consider the other overlapping uplink grant(s), if any, as a de-prioritized uplink grant(s);
4>	if the de-prioritized uplink grant(s) is a configured uplink grant configured with autonomousTx whose PUSCH has already started:
5>	stop the configuredGrantTimer for the corresponding HARQ process of the de-prioritized uplink grant(s).
4>	if SR_COUNTER < sr-TransMax:
5>	instruct the physical layer to signal the SR on one valid PUCCH resource for SR;
5>	if LBT failure indication is not received from lower layers:
6>	increment SR_COUNTER by 1;
6>	start the sr-ProhibitTimer.
5>	else if lbt-FailureRecoveryConfig is not configured:
6>	increment SR_COUNTER by 1.
4>	else:
5>	notify RRC to release PUCCH for all Serving Cells;
5>	notify RRC to release SRS for all Serving Cells;
5>	clear any configured downlink assignments and uplink grants;
5>	clear any PUSCH resources for semi-persistent CSI reporting;
5>	initiate a Random Access procedure (see clause 5.1) on the SpCell and cancel all pending SRs.
3>	else:
4>	consider the SR transmission as a de-prioritized SR transmission.
NOTE 1:	Except for SR for SCell beam failure recovery, 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.
NOTE 2:	If more than one individual SR triggers an instruction from the MAC entity to the PHY layer to signal the SR on the same valid PUCCH resource, the SR_COUNTER for the relevant SR configuration is incremented only once.
NOTE 3:	When the MAC entity has pending SR for SCell beam failure recovery and the MAC entity has one or more PUCCH resources overlapping with PUCCH resource for SCell beam failure recovery for the SR transmission occasion, the MAC entity considers only the PUCCH resource for SCell beam failure recovery as valid.
NOTE 4:	For a UE operating in a semi-static channel access mode as described in TS 37.213 [18], PUCCH resources overlapping with the set of consecutive symbols where the UE does not transmit before the start of a next channel occupancy time are not considered valid.
NOTE 5: 	If the MAC entity is configured with lch-basedPrioritization and enhancedSkipUplinkTxDynamic or enhancedSkipUplinkTxConfigured and if the PUCCH resource for the SR transmission occasion for the pending SR overlaps with other UCI(s), the UE determines one valid PUCCH resource for transmission of UCI according to the procedure specified in TS 38.213 [6] clause 9.2.5.
[bookmark: _Hlk39177277]The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BSR, which was initiated by the MAC entity prior to the MAC PDU assembly and which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes a BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR (see clause 5.4.5) prior to the MAC PDU assembly; or
-	the UL grant(s) can accommodate all pending data available for transmission.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for BFR of an SCell, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU contains a BFR MAC CE or a Truncated BFR MAC CE which includes beam failure recovery information of that SCell; or
-	the SCell is deactivated (as specified in clause 5.9) and all triggered BFRs for SCells are cancelled.
The MAC entity may stop, if any, ongoing Random Access procedure due to a pending SR for consistent LBT failure recovery, which has no valid PUCCH resources configured, if:
-	a MAC PDU is transmitted using a UL grant other than a UL grant provided by Random Access Response or a UL grant determined as specified in clause 5.1.2a for the transmission of the MSGA payload, and this PDU includes an LBT failure MAC CE that indicates consistent LBT failure for all the SCells that triggered consistent LBT failure; or
-	all the SCells that triggered consistent LBT failure recovery are deactivated (see clause 5.9).
END OF CHANGES
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