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1	Introduction
[bookmark: _Ref178064866]There is one issue for XR related to the interaction between UTO-UCI and enhanced uplink skipping for configured grants that needs to be addressed. 
[bookmark: _Ref154582601]2	Discussion
The RRC configuration possibilities for CGs are such that either R15 skipping is active, or R16 skipping is active – there is no possibility to not have CG skipping. 
[bookmark: _Toc162539333]For CGs, either R15 UL skipping or R16 enhanced UL skipping is active.
With R15 skipping the UE skips regardless of whether there is UCI to transmit or not, and in the R16 enhanced UL skipping the UE shall not skip if the transmission has UCI. As clarified in last meeting, UCI when deciding on skipping excludes CG-UCI and/or UTO-UCI (main session for CG-UCI and XR session for UTO-UCI). 
[bookmark: _Toc162539334]With R15 UL skipping for CGs, if the UE has UCI, the gNB need to decode both PUCCH and PUSCH in case the UE skip the CG transmission. 
The enhanced skipping was introduced, for dynamic and configured grants, because of agreements in RAN1 to avoid ambiguity and the need for a gNB to decode both PUCCH and PUSCH when UCI is expected as gNB do not know when the UE will skip a UL transmission – see [1] for the RAN2 discussions and RAN1 LS and [2] for the actual MAC CR (and the “Other core specifications” CRs that fixes this issue). 
[bookmark: _Toc162539335]Enhanced UL skipping was introduced to avoid situations when the gNB needs to blindly decode both PUCCH and PUSCH if a grant and UCI overlap. 
With the new UTO-UCI functionality, if the UE indicates a Transmission Occasion (TO) as unused, it cannot transmit on that CG TO. However, if the UE has UCI for the same TO – the UE will then transmit the UCI on PUCCH instead of on PUSCH. 
[bookmark: _Toc162539336]The UE cannot change a TO from unused to used if unused has previously been indicated in UTO-UCI. 
If there is no time for the gNB to decode UTO-UCI before a TO (indicated as unused in the UTO-UCI) and that TO has UCI, then the gNB do not know whether the UCI will be transmitted on PUCCH or PUSCH and gNB then needs to decode both. 
[bookmark: _Toc162539337]UL skipping and UTO-UCI introduce situations when the gNB needs to blindly decode both PUCCH and PUSCH if a CG TO and UCI overlap. 
In Figure 1 we illustrate a simple example of an FDD system with periodicity 8 slots, multi-PUSCH with 3 slots per period, and UTO-UCI of 4 bits, where A = assignment, D = DL data, F = HARQ feedback, CG = TO, U = unused TO, SK = skipped TO.
[image: ]
Figure 1: Illustration of problematic UTO-UCI indication. 
If the UE has data to send in slot 0, and all data fits in the TBS of slot 0, and the UE expects new data arrival before slot 8, the UE may indicate UTO 1100 in slot 0 meaning slots 1 and 2 are unused and 8 and 9 are used. There is data arrival in slot 7 at the same time as there is an assignment and DL data received with HARQ feedback in slot 10. Depending on data arrival time, the UE may not have time to prepare an UL transmission in slot 8, and slot 8 will then be skipped according to enhanced UL skipping. 
If all the UL data can fit in the TBS of slot 9, the UTO-UCI indicated by the UE in slot 9 may be 1000 but the gNB will not have decoded the UTO-UCI in slot 9 until sometime after slot 10 has started. 
This is problematic as the gNB need to prepare the reception from this UE for slot 10 and at that point in time, the gNB knows that the UE has UCI (HARQ feedback) to transmit but the gNB do not yet know the UTO-UCI indication from slot 9. 
Thus, the gNB must decode both PUCCH and PUSCH for slot 10. Further, the UE will not save much energy by sending the PUCCH instead of sending PUSCH – thus there is no real reason for the UE to indicate slot 10 as unused. This is the same situation that was corrected by introducing enhanced UL skipping in Rel-16. 
As the UE cannot change a TO to used if it has ever been indicated as unused, the UE need to avoid indicating a TO as unused if that TO has UCI. 
[bookmark: _Toc162539339]When enhanced UL skipping is active, the UE shall indicate a TO as used if there is other UCI to be transmit on that TO. 
[bookmark: _Toc162539338]With the proposal above, for all TOs that have not been indicated as unused, if there is UCI, the enhanced UL skipping ensures that the TO will not be skipped. 
[bookmark: _Toc162539340]Consider the two text proposal in the Appendix. 

3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	For CGs, either R15 UL skipping or R16 enhanced UL skipping is active.
Observation 2	With R15 UL skipping for CGs, if the UE has UCI, the gNB need to decode both PUCCH and PUSCH in case the UE skip the CG transmission.
Observation 3	Enhanced UL skipping was introduced to avoid situations when the gNB needs to blindly decode both PUCCH and PUSCH if a grant and UCI overlap.
Observation 4	The UE cannot change a TO from unused to used if unused has previously been indicated in UTO-UCI.
Observation 5	UL skipping and UTO-UCI introduce situations when the gNB needs to blindly decode both PUCCH and PUSCH if a CG TO and UCI overlap.
Observation 6	With the proposal above, for all TOs that have not been indicated as unused, if there is UCI, the enhanced UL skipping ensures that the TO will not be skipped.

Based on the discussion in the previous sections we propose the following: 
Proposal 1	When enhanced UL skipping is active, the UE shall indicate a TO as used if there is other UCI to be transmit on that TO.
Proposal 2	Consider the two text proposal in the Appendix.
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[bookmark: _Toc155999650]5.8.2	Uplink
There are two types of transmission without dynamic grant:
-	configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant;
-	configured grant Type 2 where an uplink grant is provided by PDCCH, and stored or cleared as configured uplink grant based on L1 signalling indicating configured uplink grant activation or deactivation.
Type 1 and Type 2 are configured by RRC for a Serving Cell per BWP. Multiple configurations can be active simultaneously in the same BWP. For Type 2, activation and deactivation are independent among the Serving Cells. For the same BWP, the MAC entity can be configured with both Type 1 and Type 2.
A multi-PUSCH configured grant has multiple consecutive configured uplink grants within a periodicity. Both Type 1 and Type 2 can be configured for a multi-PUSCH configured grant by RRC.
Only configured grant Type 1 can be configured for CG-SDT. CG-SDT can only be configured on initial BWP.
RRC configures the following parameters when the configured grant Type 1 is configured:
-	cs-RNTI: CS-RNTI for retransmission;
-	cg-SDT-CS-RNTI: CS-RNTI for CG-SDT retransmission;
-	cg-SDT-RSRP-ThresholdSSB: an RSRP threshold configured for SSB selection for CG-SDT;
-	rach-less-RSRP-ThresholdSSB: an RSRP threshold configured for SSB selection for RACH-less handover;
-	periodicity: periodicity of the configured grant Type 1;
-	timeDomainOffset: Offset of a resource with respect to SFN = timeReferenceSFN in time domain;
-	timeDomainAllocation: Allocation of configured uplink grant in time domain which contains startSymbolAndLength (i.e. SLIV in TS 38.214 [7]) or startSymbol (i.e. S in TS 38.214 [7]);
-	nrofHARQ-Processes: the number of HARQ processes for configured grant;
-	harq-ProcID-Offset: offset of HARQ process for configured grant configured with cg-RetransmissionTimer for operation with shared spectrum channel access;
-	harq-ProcID-Offset2: offset of HARQ process for configured grant not configured with cg-RetransmissionTimer;
-	timeReferenceSFN: SFN used for determination of the offset of a resource in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the configured grant configuration;
-	timeReferenceH-SFN: H-SFN used for determination of the offset of a resource in time domain. The UE uses the closest H-SFN with the indicated number preceding the reception of the configured grant configuration.
RRC configures the following parameters when the configured grant Type 2 is configured:
-	cs-RNTI: CS-RNTI for activation, deactivation, and retransmission;
-	periodicity: periodicity of the configured grant Type 2;
-	nrofHARQ-Processes: the number of HARQ processes for configured grant;
-	harq-ProcID-Offset: offset of HARQ process for configured grant configured with cg-RetransmissionTimer for operation with shared spectrum channel access;
-	harq-ProcID-Offset2: offset of HARQ process for configured grant not configured with cg-RetransmissionTimer.
RRC configures the following parameter when retransmissions on configured uplink grant is configured:
-	cg-RetransmissionTimer: the duration after a configured grant (re)transmission of a HARQ process when the UE shall not autonomously retransmit that HARQ process;
-	cg-SDT-RetransmissionTimer: the duration after a configured grant (re)transmission of a HARQ process of the initial CG-SDT transmission with CCCH message when the UE shall not autonomously retransmit the HARQ process;
-	cg-LTM-RetransmissionTimer: the duration after a configured grant (re)transmission of a HARQ process of the initial transmission at LTM cell switch when the UE shall not autonomously initiate a retransmission on the HARQ process;
-	cg-RACH-less-RetransmissionTimer: the duration after a configured grant (re)transmission of a HARQ process of the initial transmission of RACH-less handover when the UE shall not autonomously retransmit the HARQ process.
RRC configures the following additional parameter for a multi-PUSCH configured grant:
-	nrofSlotsInCG-Period: the number of configured uplink grants in a periodicity of a multi-PUSCH configured grant.
For a configured uplink grant, the MAC entity shall:
1>	if the configured uplink grant is associated with a multi-PUSCH configured grant:
2>	if configured uplink grant has not been indicated to the lower layers as to be unused for PUSCH transmission; and
2>	if the configured uplink grant meets the validity conditions specified in the clause 6.1 in TS 38.214 [7]:
3>	consider the configured uplink grant available for use;
1>	else if the configured uplink grant has not been indicated to lower layers as to be unused for PUSCH transmission:
2>	consider the configured uplink grant available for use.
The MAC entity determines if a configured uplink grant is going to be used for PUSCH transmission or not by considering the amount of buffered data that can be transmitted on the available occasions of the associated configured grant and other available UL-SCH resources. If the MAC entity is configured with enhancedSkipUplinkTxConfigured with value true, a transmission occasion (TO) that has not been indicated as unused for a configured uplink grant, shall be indicated as used if, at the time of determination, there is UCI to be multiplexed on the PUSCH transmission as specified in TS 38.213 [6]. Upon this determination, the MAC entity sends an indication to the lower layers regarding this decision, for use in the procedure for reporting UTO-UCI (as specified in clause 9.3 in TS 38.213 [6]).	Comment by Robert S Karlsson: This is a first TP1
The MAC entity shall determines if a transmission occasion (TO) of a configured uplink grant is going to be used for PUSCH transmission or not by considering: 	Comment by Robert S Karlsson: This is a second TP2
-	the amount of buffered data that can be transmitted on the available occasions of the associated configured grant; and 
-	other available UL-SCH resources;.
-	if the TO has not been indicated as unused and enhancedSkipUplinkTxConfigured is configured with value true, the TO shall be indicated as used if, at the time of determination, there is UCI to be multiplexed on the PUSCH transmission as specified in TS 38.213 [6]. 
Upon this determination, the MAC entity sends an indication to the lower layers regarding this decision, for use in the procedure for reporting UTO-UCI (as specified in clause 9.3 in TS 38.213 [6]).
Upon configuration of a configured grant Type 1 for a BWP of a Serving Cell by upper layers, the MAC entity shall:
1>	store the uplink grant provided by upper layers as a configured uplink grant for the indicated BWP of the Serving Cell;
1>	initialise or re-initialise the configured uplink grant to start in the symbol according to timeDomainOffset, timeReferenceSFN, and S (derived from SLIV or provided by startSymbol as specified in TS 38.214 [7]), and to reoccur with periodicity.
After an uplink grant is configured for a configured grant Type 1, the MAC entity shall consider sequentially that the configured uplink grant, or the first configured uplink grant in a multi-PUSCH configured grant, in the Nth (N ≥ 0) periodicity occurs in the symbol for which:
-	if cg-SDT-PeriodicityExt (as defined in TS 38.331 [5]) is not configured:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	(timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
-	else:
	[(H-SFN × numberOfSFNperH-SFN + SFN) × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	((timeReferenceH-SFN × numberOfSFNperH-SFN + timeReferenceSFN)
	× numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity)
	modulo (1024 × 1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
For a multi-PUSCH configured grant Type 1, the Mth (1 < M ≤ nrofSlotsInCG-Period) configured uplink grant within a periodicity occurs (M-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs.
For an uplink grant configured for configured grant Type 1 for CG-SDT on the selected uplink carrier as in clause 5.27, when CG-SDT is triggered and not terminated, for each configured uplink grant valid according to TS 38.214 [7] for which the above formula is satisfied, the MAC entity shall:
1>	if, after initial transmission for CG-SDT with CCCH message has been performed according to clause 5.4.1, PDCCH addressed to the MAC entity's C-RNTI has not been received:
2>	if the SSB corresponding to the configured UL grant has the same SSB index as the SSB selected for initial transmission for CG-SDT with CCCH message (i.e., retransmission of initial transmission of CG-SDT):
3>	select this SSB;
3>	indicate the SSB index corresponding to the configured uplink grant to the lower layer;
3>	consider this configured uplink grant as valid.
1>	else if at least one SSB configured for CG-SDT with SS-RSRP above cg-SDT-RSRP-ThresholdSSB is available:
2>	if at least one SSB corresponding to the configured uplink grant with SS-RSRP above the cg-SDT-RSRP-ThresholdSSB is available:
3>	if this is the initial transmission of CG-SDT with CCCH message after the CG-SDT procedure is initiated as in clause 5.27 (i.e., initial transmission for CG-SDT):
4>	select an SSB with SS-RSRP above cg-SDT-RSRP-ThresholdSSB amongst the SSB(s) associated with the configured uplink grant.
3>	else if PDCCH addressed to C-RNTI has been received after the initial transmission of CG-SDT with CCCH message (i.e., subsequent new transmission for CG-SDT):
4>	if SS-RSRP of the SSB selected for the previous transmission for CG-SDT is above cg-SDT-RSRP-ThresholdSSB and this SSB is associated with this configured uplink grant:
5>	select this SSB.
4>	else if SS-RSRP of the SSB selected for the previous transmission for CG-SDT is not above cg-SDT-RSRP-ThresholdSSB:
5>	select an SSB with SS-RSRP above cg-SDT-RSRP-ThresholdSSB amongst the SSB(s) associated with the configured uplink grant.
3>	if SSB is selected above:
4>	indicate the SSB index to the lower layer;
4>	consider this configured uplink grant as valid.
1>	else:
2>	consider this configured uplink grant as not valid.
2>	if PDCCH addressed to C-RNTI after the initial transmission of the CG-SDT with CCCH message has been received:
3>	if there is data available for transmission for at least one RB configured for SDT:
4>	initiate Random Access procedure in clause 5.1.
NOTE 1:	When the UE determines if there is an SSB with SS-RSRP above cg-SDT-RSRP-ThresholdSSB, the UE uses the latest unfiltered L1-RSRP measurement.
For an uplink grant configured for configured grant Type 1 for LTM cell switch, when there is an on-going RACH-less LTM cell switch procedure, for each configured uplink grant valid according to TS 38.214 [7] for which the above formula is satisfied, the MAC entity shall:
1>	if an SSB corresponding to the configured UL grant has the same SSB index as the SSB associated with the TCI state indicated by LTM Cell Switch Command MAC CE, as specified in clause 5.18.35:
2>	select the SSB associated with the TCI state indicated by LTM Cell Switch Command MAC CE.
2>	indicate the SSB index to the lower layer;
2>	consider this configured uplink grant as valid.
1>	else:
2>	consider this configured uplink grant as not valid.
For an uplink grant configured for configured grant Type 1 for RACH-less handover, when RACH-less handover is triggered and not terminated, for each configured uplink grant valid according to TS 38.214 [7] for which the above formula is satisfied, the MAC entity shall:
1>	if, after the initial transmission of RACH-less handover has been performed according to clause 5.4.1 and 5.33, PDCCH addressed to the MAC entity's C-RNTI has not been received:
2>	if the SSB corresponding to the configured UL grant has the same SSB index as the SSB selected for the initial transmission of RACH-less handover (i.e., retransmission of initial transmission of RACH-less handover):
3>	select this SSB;
3>	indicate the SSB index corresponding to the configured uplink grant to the lower layer;
3>	consider this configured uplink grant as valid.
1>	else if at least one SSB corresponding to the configured uplink grant with SS-RSRP above rach-less-RSRP-ThresholdSSB is available:
2>	select an SSB with SS-RSRP above rach-less-RSRP-ThresholdSSB amongst the SSB(s) associated with the configured uplink grant;
2>	indicate the selected SSB index to the lower layer;
2>	consider this configured uplink grant as valid.
1>	else:
2>	consider this configured uplink grant as not valid;
2>	initiate Random Access procedure in clause 5.1.
NOTE 1A:	When the UE determines if there is an SSB with SS-RSRP above rach-less-RSRP-ThresholdSSB, the UE uses the latest unfiltered L1-RSRP measurement.
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the configured uplink grant, or the first configured uplink grant in a multi-PUSCH configured grant, in the Nth (N ≥ 0) periodicity occurs in the symbol for which:
	[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
	+ (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
	[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot
	+ slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity]
	modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission opportunity of PUSCH where the configured uplink grant was (re-)initialised.
For a multi-PUSCH configured grant Type 2, the Mth (1 < M ≤ nrofSlotsInCG-Period) configured uplink grant within the same periodicity occurs (M-1) × numberOfSymbolsPerSlot symbols after the symbol in which the first configured uplink grant in that periodicity occurs.
If cg-nrofPUSCH-InSlot or cg-nrofSlots is configured for a configured grant Type 1 or Type 2, the MAC entity shall consider the uplink grants occur in those additional PUSCH allocations as specified in clause 6.1.2.3 of TS 38.214 [7].
NOTE 2:	In case of unaligned SFN across carriers in a cell group, the SFN of the concerned Serving Cell is used to calculate the occurrences of configured uplink grants.
When the configured uplink grant is released by upper layers, all the corresponding configurations shall be released and all corresponding uplink grants shall be cleared.
The MAC entity shall:
1>	if at least one configured uplink grant confirmation has been triggered and not cancelled; and
1>	if the MAC entity has UL resources allocated for new transmission:
2>	if, in this MAC entity, at least one configured uplink grant is configured by configuredGrantConfigToAddModList:
3>	instruct the Multiplexing and Assembly procedure to generate a Multiple Entry Configured Grant Confirmation MAC CE as defined in clause 6.1.3.31.
2>	else:
3>	instruct the Multiplexing and Assembly procedure to generate a Configured Grant Confirmation MAC CE as defined in clause 6.1.3.7.
2>	cancel all triggered configured uplink grant confirmation(s).
For a configured grant Type 2, the MAC entity shall clear the configured uplink grant(s) immediately after first transmission of Configured Grant Confirmation MAC CE or Multiple Entry Configured Grant Confirmation MAC CE which confirms the configured uplink grant deactivation.
Retransmissions use:
-	repetition of configured uplink grants; or
-	received uplink grants addressed to CS-RNTI; or
-	configured uplink grants with cg-RetransmissionTimer, cg-LTM-RetransmissionTimer, cg-RACH-less-RetransmissionTimer or cg-SDT-RetransmissionTimer configured.
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