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[bookmark: _Ref68628695]Introduction
In RAN1 #112bis-e, several agreements were made for the multi-PUSCH CG period and the UCI indicating unused CG PUSCH occasion [1] [2]. In this paper, we will further discuss the remaining designs for the two techniques. 
	Specify the enhancements related to capacity:
-	Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  
-	Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);



[bookmark: _Ref126485173]Multi-PUSCH CG Period
Determination of TDRA  
In RAN1 #112bis-e, three alternative solutions were down selected from the five alternatives from RAN1 #112 including: 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· Alt-B: TDRA determination based on NR-U framework
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs

	[bookmark: _Hlk126420390]RAN1 #112bis-e
Agreement
For TDRA design for multi-CG PUSCH, prioritize Alt-A1, Alt-B, and Alt-C2 for further downscoping and/or modification from corresponding agreement in RAN1#112.
· FFS: How to address TDD configuration issue

RAN1 #112
Agreement
For determination of the time domain resource allocation of CG PUSCHs associated to a multi-PUSCHs CG, the following alternatives for further study:
· Alt-A: TDRA determination based on repetition framework. 
· Alt-A1: Follow the time domain resource mapping of Type A repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
· The same SLIV in N PUSCH in consecutive slots per CG period
· FFS for non-consecutive slots
· FFS details, including related RRC parameters
· Alt-A2: Follow the time domain resource mapping of Type B repetition
· N configured by higher layers or indicated by activation DCI
· Single SLIV is determined from TDRA
·  The SLIV used for 1st PUSCH per CG period.
· N consecutive nominal PUSCHs with same duration per CG period
· Note: N is not necessarily the repetition factor.
FFS details, including related RRC parameters
· Alt-B: TDRA determination based on NR-U framework
· N and M configured by higher layers
· Single SLIV is determined from TDRA.
· The SLIV used for 1st PUSCH per CG period.
· M consecutive PUSCH TOs with same duration in slot. The M PUSCH TOs are used in N consecutive slots per CG period
· Note: N and M are configured independently from cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, respectively. M and N configuration is independent from cgRetransmissionTimer configuration.
· FFS details, including related RRC parameters
· Alt-C: TDRA determination based on single DCI scheduling multiple PUSCHs
· Alt-C1: Follow Rel-16 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with k2-r16
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs should be consecutive PUSCH TOs in consecutive slots.
· FFS details, including related RRC parameters
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs
· TDRA configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 with extendedK2-r17
· A row of TDRA with N entries determines the time domain resources allocation of N PUSCH TOs per period
· Note: N PUSCH TOs can be non-consecutive PUSCHs and/or in non-consecutive slots.
· FFS details, including related RRC parameters



Alt-A1 and Alt-B share similar property that the configured PUSCH occasions in the CG period are consecutive in time. This is important for NR-U as a gap in UL transmissions may cause the UE to lose the access to the wireless media and hence another LBT may need to be performed. This imposes scheduling restriction to multi-user scheduling of XR UL data in licensed bands. For traffics with different periodicities, priorities, latency requirements, UL resources should be flexibly multiplexed for the same UE or across UEs. For example, when the gNB configures CG PUSCH occasions for one UE’s UL video transmission, it may also need to reserve resources in between these CG PUSCH occasions for the other UEs’ UL pose transmission or URLLC transmission. In any case, only supporting consecutive CG PUSCH occasions for XR user’s UL video transmission will unnecessarily limit the scheduling flexibility of the gNB. For Alt-A1 and Alt-B, to multiplex multi-user traffics, gNB may have to use DCI to open gaps within consecutive CG PUSCH occasions. This requires additional timeline requirement to be satisfied for the UE to cancel the CG PUSCH occasion.
[bookmark: o1]Observation 1: Configuration of consecutive CG PUSCH occasions is needed by NR-U but too restrictive for licenced spectrum. 
· Configuration of non-consecutive CG PUSCH occasions in licenced spectrum is beneficial for multiple user scheduling with traffics of different periodicities, priorities, and delay requirements.
· Alt-C2 can also be used to enable consecutive CG PUSCH occasions if needed.

[bookmark: p1]Proposal 1: Support Alt-C2 for the determination of TDRA for multiple PUSCH occasions in the CG period
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs.
 


[bookmark: _Ref126419403]Figure 1: Non-consecutive PUSCH occasions in the CG period

In the Rel-17 single DCI scheduling multiple PUSCHs feature, the number of scheduled PUSCHs is determined by the number of {K2, SLIV, PUSCH mapping type} combinations of the TDRA table row indicated by the TDRA field in the scheduling DCI. The RRC configured TDRA table for Rel-17 multiple PUSCH scheduling is provided by pusch-TimeDomainAllocationListForMultiPUSCH-r16. K2 values can be non-consecutive and SLIVs can be different for the scheduled PUSCHs. 
For Type 2 multi-PUSCH CG, it is straightforward to use the activation DCI to indicate the TDRA information for multiple PUSCH occasions in the CG period. In current specifications, CG activation DCI has the restriction that TDRA field in the DCI format indicates a row with single SLIV (TS 38.213). This will be relaxed for the Type 2 multi-PUSCH CG without changing the DCI format.
[bookmark: p2][bookmark: _Hlk134183312]Proposal 2: For Type 2 multi-PUSCH CG, TDRA field in the activation DCI indicates a row with multiple {K2, SLIV, PUSCH mapping types} combinations.
· RRC configuration pusch-TimeDomainAllocationListForMultiPUSCH-r16 can be reused as the TDRA table for multi-PUSCH CG configuration. 
· Remove the restriction that the TDRA field in the CG activation DCI format indicates a row with single SLIV. 
· RAN1 discusses if multiple fields of RV and NDI are included in the activation and release DCI.
For legacy Type 1 CG with a single PUSCH occasion in the CG period, TDRA information is configured in the timeDomainAllocation field in rrc-ConfiguredUplinkGrant in ConfiguredGrantConfig. This field provides the combination of start symbol and length (i.e., SLIV) and PUSCH mapping type. Slot of the CG PUSCH occasion is indicated by timeDomainOffset related to the reference SFN indicated by timeReferenceSFN. Then the Nth PUSCH occasion of the CG starts at the symbol with “SFN”, “slot number” and “symbol in the slot” given by the following formula (TS 38.321):
[(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)
where S is the start symbol of the CG PUSCH occasion indicated by timeDomainAllocation and periodicity is the periodicity of the CG configuration.
To support the multi-PUSCH CG configuration, we can slightly modify the formula for determining the start symbol for each PUSCH occasion of the multi-PUSCH CG period. Basically, timeDomainAllocation will be reinterpreted to also indicate the K2 value which will be jointly used with timeDomainOffset to determine the slot for the PUSCH occasion. To fully comply with existing CG configuration with a single PUSCH in a period, it may be further specified that K2 is expected to be 0 for the first PUSCH occasion in the CG period. Note that none of this has impact to the existing RRC CG configuration message but only need a reinterpretation of existing signaling.
[bookmark: p3]Proposal 3: For the Type 1 multi-PUSCH CG, time domain resource for PUSCH occasions is determined by: 
· RRC configuration timeDomainAllocation in the rrc-ConfiguredUplinkGrant in ConfiguredGrantConfig indicates a row in the TDRA table with multiple combinations of {SLIV, K2, PUSCH mapping type} each for a PUSCH occasion in the CG period.
· RRC configuration pusch-TimeDomainAllocationListForMultiPUSCH-r16 can be reused as the TDRA table.
· For the Nth multi-PUSCH CG period, the CG PUSCH occasion that is configured with K2 and start symbol S starts at the symbol with “SFN”, “slot number in the frame” and “symbol number in the slot” given by the formula:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + (timeDomainOffset + K2) × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
There was an FFS on how to address the TDD configuration issue. The issue is that PUSCH occasions in the CG period may collide with DL symbols. As a result, the number of available PUSCH occasions (i.e., CG PUSCH occasions not colliding with any DL symbol) may vary over CG periods if periodicity of the TDD DL UL configuration is not aligned with the CG periodicity. To address a similar issue for PUSCH repetition and TB over multiple slots, available slot counting was defined so that each TB is transmitted in a fixed amount of UL resources. This is important for UL coverage as the number of available slots determines the equivalent coding rate/MCS and the PUSCH decoding performance. For the multi-PUSCH CG, there seems no such a requirement as different TBs are to be transmitted in the available PUSCH occasions. 
[bookmark: o2]Observation 2: Unlike PUSCH repetition and TBoMS which prefers a consistent equivalent coding rate for all TBs, it is unclear why the same number of available PUSCH occasions (i.e., PUSCH occasions not colliding with DL symbols) needs to be maintained across CG periods.
Besides, even in FDD where the number of available PUSCH occasions is constant across CG periods, due to varying size of XR data burst (i.e., UL video frame), there is an intrinsic mismatch between required resources and the reserved resources (i.e., number of available PUSCH occasions in the CG period). The varying data burst size is more essential in comparison to the varying number of available PUSCH occasions in a CG period in TDD. Network may either overprovision or under-provision UL resources for a specific XR UL data burst due to this mismatch. Hence, the issue should be addressed with common approaches for both FDD and TDD. For example, if UL resources are overprovisioned, the UE may use the UCI indicating unused PUSCH occasions to release the unused resources. If UL resources are under-provisioned, network may allocate more UL resources based on the UE’s BSR. 
[bookmark: o3]Observation 3: Even in FDD where the number of available PUSCH occasions is same across CG periods, there is also size mismatch between the XR data burst and the reserved UL resources. Common solutions should be considered for both FDD and TDD.

HARQ ID Determination  
In RAN1 #112bis-e, the following agreements were made for HARQ ID determination for the multi-PUSCH CG configuration. It is basically a two-step procedure – first determine the initial HARQ ID for the initial PUSCH occasion in the CG period and then increment the HARQ ID for each subsequent PUSCH occasion. A few design details of the HARQ ID formula are under discussion including:
· Effective periodicity (i.e., X)
· Increment step size (i.e., Y)
· Symbol level offset and HARQ ID offset (i.e., offset 1, offset 2)

	RAN1 #112bis-e
Agreement
From RAN1 perspective, for determination of HARQ process Ids associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH:
· The HARQ process ID for the first configured/valid PUSCH in a period is determined based on the legacy CG procedure when cg-RetransmissionTimer is not configured, and applying the following formula, whichever is applicable
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [floor(X*(CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· FFS whether in formulas above X is outside or inside floor operation, i.e.
· HARQ Process ID = [X*floor( (CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes
· HARQ Process ID = [X*floor((CURRENT_symbol – offset1) / periodicity) + offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· (Working Assumption) The HARQ process ID of the remaining configured/valid CG PUSCHs in the period is determined by incrementing the HARQ process ID of the preceding PUSCH in the period by Y with module operation with nrofHARQ-Processes or module operation with (nrofHARQ-Processes + harq-ProcID-Offset2), whichever applicable.
· FFS whether X=1 or X= the number of configured PUSCHs in the CG period
· FFS whether Y =1 or a value larger than 1, e.g. Y=2.
· FFS: If Y>1, Y is determined based on RRC
· FFS whether Offset 1= 0 or can be a non-zero value. 
· FFS: If offset1 is non-zero, how offset1 is determined (i.e., based on RRC)
· FFS whether Offset 2= 0 or can be a non-zero value. 
· FFS: If offset2 is non-zero, how offset2 is determined (i.e., based on RRC or dynamically)
· Note1: The equations will be updated accordingly when FFSs are clarified, e.g., if X=1, remove X; if Y=1, remove Y; if non-zero offset1 or Offset 2 is not supported, remove offset 1 or Offset 2.
· Note2: A configured CG PUSCH is invalid if the CG PUSCH is dropped due to collision with DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated or SSB.



In CG HARQ ID determination for existing single PUSCH CG period, HARQ IDs used for two adjacent CG periods are different so that network can configure the retransmission for an early CG PUSCH in the next CG period (i.e., in vicinity of CG PUSCH in next CG period). This is because delay deadline for the underlying traffic can be larger than the traffic generation period and hence the CG period. This is also the case for the typical AR UL video traffic which has 16.66ms periodicity and 30ms PDB [3]. We noticed that companies also assumed this during RAN1 #112bis-e discussions when the following properties for HARQ ID determination for the multi-PUSCH CG period were suggested: 
· HARQ IDs for CG PUSCH occasions should be different within the same CG period.
· Time separation for two CG PUSCH occasions in different CG periods that have the same HARQ ID should be maximized.
Based on these assumptions and preferred properties, we think it is beneficial to configure the number of HARQ processes for a CG configuration to be larger than the number of CG PUSCH occasions in the CG period. In Figure 2 below, we compared various HARQ ID determination schemes with different combinations of the effecitve periodicity (i.e., X) and the number of HARQ processes configured for the CG configuration. Case 1, 2 and 3 show that HARQ IDs largely overlap between adjacent CG periods. This deteriorates network’s scheduling flexibility as the gNB needs to carefully select the retransmission scheduling timing to ensure that the retransmission of an early CG PUSCH does not collide with the new transmission of another CG PUSCH (and potentially its retransmission) when both are associated with the same HARQ ID. While Case 4 does not have this restriction if the number of HARQ processes is larger than (e.g., twice of) the number of PUSCH occasion in a CG period. Figure 2 also suggests that X = number of PUSCH occasions is better than X = 1.
[bookmark: o4]Observation 4: It is beneficial from network scheduling flexibility perspective if the number of HARQ processes is configured to be larger than the number of CG PUSCH occasions in the CG period.
· Note this is also the case for legacy CG PUSCH with a single PUSCH occasion in the CG period.
[bookmark: o5]Observation 5: In comparison to X = 1, X = number of CG PUSCH occasions in a CG period has better separation in time for two CG PUSCH occasions that are assigned with the same HARQ ID.

 
[bookmark: _Ref134262072]Figure 2: HARQ ID determination for X = 1 and X = number of PUSCHs in CG period when the number of configured HARQ processes for the CG is 4 and 8, Y = 1, offset1 = 0, offset1 = 0

Offset 1 acts as a symbol level offset in the HARQ ID determination formula. It may introduce a circular shift to the HARQ IDs across CG periods in time. This may be shown by the following Figure 3 with examples for offset1 = 0 and ≠ 0. There seems no essential benefit to the network scheduler by the none zero offset 1.
[bookmark: o6]Observation 6: None zero offset 1 in the HARQ ID formula for multi-PUSCH CG configuration may introduce a circular shift to HARQ IDs over CG PUSCH occasions. It is unclear how it is necessary for scheduling in comparison to offset 1 = 0.



[bookmark: _Ref134266447]Figure 3: HARQ ID determination with offset 1 = 0 and offset1 ≠ 0, X = number of PUSCHs in CG period, number of HARQ processes configured for the CG is 8, Y = 1, offset 2 = 0

Offset 2 was proposed to introduce a dynamic skip of HARQ IDs across CG periods to account for CG PUSCH occasions without transmitted PUSCH. Without offset 2, there may be a jump of HARQ ID value between CG periods. It should be noted that this issue is not unique to the multi-PUSCH CG configuration but is also observed in the legacy single PUSCH CG configuration. For example, in Figure 4, PUSCH is not transmitted on the CG PUSCH occasion of the 3rd CG period, e.g., due to collision with a DL symbol. This causes the HARQ ID not to be continuous at the 4th CG period. Note that 4 HARQ processes are configured for Figure 4 to have the same time separation (e.g., due to same PDB requirement) between two different CG PUSCH occasions that are assigned with the same HARQ ID as that for the multi-PUSCH CG configuration in Figure 5.
As this is a common issue for both single and multi-PUSCH occasion CG period, there needs to be a justification why the legacy single PUSCH occasions CG period should also have a dynamic HARQ ID skipping offset corresponding to offset 2. When offset 2 is included, the dynamic HARQ ID skipping and carryover behavior will go on forever until the CG is deactivated. This requires the gNB and UE to bookkeep the number of all previously skipped CG PUSCHs to determine the initial HARQ ID for the next CG period. Apparently, this kind of operation makes implementation and operational complicated without a clear benefit. E.g., offset 2 does not reduce the number of active HARQ processes or essentially increases the time separation for same HARQ ID for a CG configuration. 
[bookmark: o7]Observation 7: There was no offset 2 in HARQ ID determination for legacy single PUSCH occasion CG period.
· For legacy CG, HARQ ID is allowed to be non-consecutive between CG periods.
· HARQ ID bookkeeping across CG periods by offset 2 introduces implementation and operational complexity without clear benefit.



Figure 4: Legacy CG period with a single PUSCH occasion, no offset 2, number of configured HARQ process is 4. The CG PUSCH occasion in the 3rd period is unused.




[bookmark: _Ref134271699]Figure 5: Multi-PUSCH CG with offset 2 = 0 and offset 2 ≠ 0, X = number of PUSCHs in CG period, number of configured HARQ process is 8, Y = 1, offset 1 = 0. The 4th CG PUSCH occasion in the first period is unused.

At last, we want to analyze the effect of Y in the HARQ ID determination formula. As shown in Figure 6, when the other parameters are properly configured, Y = 1 and Y = 2 can achieve similar effect in the sense that no HARQ ID is repeated within the same CG period or two adjacent CG periods. As discussed early, this would maximize the network scheduling flexibility for the typical AR video traffic with 16.66ms periodicity and 30ms PDB. Then it looks like Y = 2 maps the sequential HARQ IDs used by Y = 1 into another sequence by alternating the even HARQ IDs and odd HARD IDs between CG periods. Clearly, Y = 1 reflects a better physical meaning than that for Y = 2, i.e., a bigger HARQ ID corresponding to a later CG PUSCH occasion. For this reason, we think Y = 1 with X = number of PUSCH occasions in the CG period is a more straightforward and preferred solution.
[bookmark: o8]Observation 8: Both Y = 1 and Y =2 can achieve similar effect for maximizing the time separation between two CG PUSCHs that are assigned with the same HARQ ID.
· Y = 1 is more straightforward as a later CG PUSCH is associated with a larger HARQ ID.
· Y = 2 alternates between even and odd HARQ IDs between CG periods.



[bookmark: _Ref134273262]Figure 6: HARQ ID determination for Y = 2 and Y = 1, number of configured HARQ processes is 8, offset 1 = 0, offset 2 = 0

Based on the above analysis of FFS points in the RAN1 #112bis-e agreement for HARQ ID determination for the multi-PUSCH CG, we have the following proposal.
[bookmark: p4]Proposal 4: Support the following for HARQ Process ID determination for the multi-PUSCH CG configuration.
· X = number of configured PUSCH occasions in a CG period
· Y = 1
· Offset 1 = 0
· Offset 2 = 0

[bookmark: _Ref134424059]Other Topics  
The following topics were discussed during RAN1 #112bis-e without final conclusions. Compared to TDRA and HARQ ID determination, they were considered as less critical topics. In this section, we will further analyze them and provid our views.
	Topic 1) Retransmission of multiple TBs with a single DCI with corresponding initial transmissions with CG PUSCHs
Topic 2) Repetition for a multi-PUSCHs CG configuration
Topic 3) CBG retransmission for multiple CG PUSCHs
Topic 4) One TB over multiple slots
Topic 5) Frequency hopping as legacy CG
Topic 6) CG-DFI based retransmission for multi-CG PUSCH
Topic 7) Collision resolution for CG PUSCHs



Retransmission of multiple TBs with a single DCI, CG-DFI based retransmission
It can be beneficial to support retransmission of multiple TBs with a single DCI with corresponding initial transmissions in CG PUSCHs. This is especially the case if the gNB cannot immediately issue the retransmission scheduling DCI before it can secure any available UL resource for the UE. It is not preferrable for the UE to see frequent UL failures for XR video transfer, but it was indeed observed that the cell capacity is 0 for AR UL in Urban Macro scenario [3]. The DCI scheduling retransmissions of multiple TBs for failed CG PUSCHs can be based on the existing multi-PUSCH scheduling DCI. E.g., a bitmap can be added in the scheduling DCI with each bit indicating whether a retransmission of a PUSCH corresponding to a HARQ ID is scheduled. One way to define the bitmap is to extend the CG-DFI bit for NR-U to a bitmap. The other way is to use the NDI field in the Rel-17 multi-PUSCH scheduling DCI. The latter does not change the DCI format.
[bookmark: p5]Proposal 5: Support retransmission of multiple TBs scheduled by a single DCI with corresponding initial transmissions in CG PUSCHs
· A bitmap is used to indicate the scheduled PUSCH retransmissions with each bit associated with a CG PUSCH occasion where the UE has transmitted an initial transmission of the PUSCH.
· If Rel-17 single DCI scheduling multiple PUSCHs is used for CG PUSCH retransmission scheduling, the NDI field can be used as the bitmap.
· NDI bit = 1 for PUSCH to be retransmitted and UE retransmits associated PUSCH.
· NDI bit = 0 for PUSCH that does not need retransmission.
· FFS: RV indications for multiple re-scheduled PUSCHs by a single DCI.

Repetition and TBoMS for multi-PUSCH CG
Repetition and TBoMS are UL coverage enhancements techniques. In Rel-17 XR SI, it was observed that AR in Urban Macro has a cell capacity qual to 0 users. Because of this, we think coverage enhancements for AR in UMa also belong to XR capacity enhancements and can be discussed. 
[bookmark: o9]Observation 9: Repetition and TBoMS are useful for capacity enhancements of AR UL video transfer in Urban Macro scenario.

CBG retransmission for multiple CG PUSCHs
CBG based retransmission is helpful for XR capacity enhancement. Since the XR UL video has a relatively large frame size, retransmitting the entire TB will be wasteful. When decoding of a UL TB fails at the gNB, CG based retransmission allows only the failed CBG instead of the entire TB to be retransmitted. Thus, CBG based retransmission consumes less UL resources. 
[bookmark: o10]Observation 10: CBG based retransmission has capacity benefit for the transfer of large size XR UL video data.

Frequency hopping as legacy CG
There were some concerns about supporting frequency hopping for multi-PUSCH CG. The argument was that for the large size XR UL video data, the frequency domain resource allocation may occupy the entire UL frequency bandwidth and hence frequency hopping does not come into play. From system design point of view, since single PUSCH CG period already supports intra-slot frequency hopping, we think it is not harmful to inherit this feature by the multi-PUSCH CG.
[bookmark: o11]Observation 11: Frequency hopping for legacy CG can be inherited by the multi-PUSCH CG with minimal specification impact.

Collision resolution for CG PUSCHs
When multiple CG configurations with different periodicities (i.e., video, audio, pose) are activated for the UE, PUSCH occasions of these CG configurations may collide in time. This should occur for the legacy single PUSCH CG already. Hence, the solution can be discussed for both the legacy CG and the multi-PUSCH CG configuration. 
For the multi-PUSCH CG configuration, overlapping CG PUSCH occasions may also exist within the same CG configuration. When overlapping occurs, the UCI indicating unused CG PUSCH occasions can be used by the UE to indicate which of the multiple overlapping CG PUSCH occasions is not unused, i.e., at most one of the overlapping PUSCH occasions can be used and the other ones are all indicated as unused. We will further discuss this in the next section for the indication of unused CG PUSCH occasion(s).
[bookmark: o12]Observation 12: If multiple CG PUSCH occasions overlap in time, the UTO-UCI that indicates unused CG PUSCH occasions can indicate one of these PUSCH occasions as not unused, e.g., the UE selects one of the overlapping PUSCH occasion that has the least amount of UL resources sufficient for transmitting the buffered UL data.

UTO-UCI Design
The XR UL video frame has a variable size which may occupy one or multiple allocated PUSCHs in the CG period. The UTO-UCI indicating unused PUSCH occasions can help the gNB reallocate the unused PUSCH resources for the same UE or other UEs’ DL and UL transmissions. When the UE is allowed to select the PUSCH resource to be used among configured resources that fits its UL data size best, the UE also saves power that otherwise will be used to transmit excessive padding bits. In addition, the UTO-UCI saves gNB’s power in blindly detecting potential PUSCH transmissions on the unused PUSCH occasions. 
[bookmark: o13]Observation 13: The UTO-UCI indicating unused CG PUSCH transmission occasion(s) is beneficial because:
· gNB can reallocate resources of the unused PUSCH occasion to other UEs.
· UE can save power by selecting a proper number of resources for PUSCH transmission.
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion.

UTO-UCI Content
It was agreed in RAN1 # 112bis-e that the UTO-UCI can indicate consecutive or non-consecutive CG PUSCH occasions. The UTO-UCI content is a bitmap with each bit corresponding to a CG PUSCH occasion in a time duration or range. The main pending design is how to determine the time duration or range within which CG PUSCH occasions are indicated by the UTO-UCI. Other pending designs include whether/how the UTO-UCI indicates CG PUSCH occasions in multiple periods and whether/how the UTO-UCI indicates CG PUSCH occasions associated with multiple CG configurations.
	RAN1 #112bis-e
Agreement
For dynamic indication of unused CG PUSCH transmission occasion(s) based on a UCI, the indicated “unused” CG PUSCH TO(s), if any, by the UCI in a CG PUSCH for a CG configuration 
· can be consecutive or non-consecutive CG PUSCH TO(s) in time domain [in one CG period]
· FFS whether/how the unused TO(s) can be associated to multiple CG configuration.
Note: FFSs and further details in corresponding agreement in RAN1#112 for the selected option are remained for further discussion
Note: Above corresponds to Option 2 (w.r.t. agreement in RAN1#112)
Agreement
The UTO-UCI provides a bitmap where a bit corresponds to a TO within a time duration/range. The bit indicates whether the TO is “unused”.
· FFS: Details including time duration/range
Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



If the UTO-UCI is restricted to only indicate CG PUSCH occasions in one CG period of a single CG configuration, the CG period implicitly defines the time duration/range. However, this restriction does not seem any useful except for saving the negligible overhead otherwise used for an explicit configuration of the time duration/range. The more general design will be the UTO-UCI indicates CG PUSCH occasions across multiple CG periods of multiple CG configurations. This feature could be beneficial for multiple use cases. For example, the UTO-UCI can indicate multiple legacy CG periods with a single PUSCH occasion configured in each period when a data burst (e.g., a video frame) is transmitted over multiple CG periods. This decouples the UE/gNB support of the two Rel-18 XR WI CG features, i.e., multi-PUSCH CG configuration and UTO-UCI indicating unused CG PUSCH occasions. Another use case is when multiple active CG configurations are configured each for a traffic type (e.g., video, audio, pose), the UE can use a UTO-UCI transmitted in one CG configuration’s PUSCH to indicate a PUSCH occasion of another CG configuration can be skipped if there is no data for the associated traffic type. Still another use case is that if the next UL data burst is impacted by a known jitter time, the UE can use the UTO-UCI from the early CG period to skip CG PUSCH occasions until the beginning of the data arrival time. For FR1 + FR2 CA, a UTO-UCI sent in FR1 indicating CG PUSCH occasions in FR2 may improve the UCI reliability e.g., when FR1 scheduling FR2 is configured.
[bookmark: o14]Observation 14: Use cases for the UTO-UCI indicating CG PUSCH occasions over multiple CG periods of multiple active CG configurations at least include:
· Indication of unused CG PUSCH occasions for legacy single PUSCH CG periods.
· Indication of unused CG PUSCH occasions across multiple active CG configurations associated with different types of traffic.
· Indication of unused CG PUSCH occasions due to jitter time.
· Robust UTO-UCI transmission in FR1 carrier indicating PUSCH occasions in FR2 carrier.
As mentioned above, the main additional specification effort to support the general UTO-UCI for multiple CG periods of multiple active CG configurations is just to explicitly configure the time/range containing CG PUSCH occasions indicated by the UTO-UCI. We think this cost is negligible and worth a much more flexible and useful UTO-UCI design. The example in Figure 7 shows that once the duration containing indicated CG PUSCH occasions is configured, a UTO-UCI on a transmitted PUSCH of CG 1 can indicate unused CG PSUCH occasions outside its current CG period and for all active CG configurations (i.e., CG configurations 0, 1 and 2).
[bookmark: o15]Observation 15: The UTO-UCI can indicate CG PUSCH occasions over multiple CG periods of multiple active CG configurations if the time/duration containing the indicated CG PUSCH occasions is explicitly configured.
Another benefit of the general UTO-UCI design is that it can provide an earliest possible indication for CG PUSCH occasions to be unused for any CG configuration compared with a UTO-UCI that only indicates CG PUSCH occasions of the same CG configuration. In the example in Figure 7, apparently when the UTO-UCI included in CG 1 PUSCH indicates CG 2 PUSCH occasions, the network knows unused CG 2 PUSCH occasions earlier than the UTO-UCI included in the CG 2 PUSCH if it only indicates CG 2 PUSCH occasions. This gives more processing time for the network to decode the UTO-UCI for unused CG 2 PUSCH occasions and hence more easily to allocate unused PUSCH resources to other users.
[bookmark: o16]Observation 16: The UTO-UCI indicating PUSCH occasions of multiple active CG configurations allows the network to know unused CG PUSCH occasions earlier than the UTO-UCI that only indicates PUSCH occasions of the same CG configuration. 



Figure 7: UTO-UCI indicating unused CG PUSCH occasions in a time duration/range for multiple CG configurations

To support the UTO-UCI indicating unused PUSCH occasions across CG periods of multiple CG configurations, we need the following designs
· By RRC configuration, which CG configuration’s PUSCH occasions can be indicated by the UTO-UCI.
· By RRC configuration, which CG configuration’s transmitted PUSCH can include the UTO-UCI indicating unused CG PUSCH occasions.
· Explicit configuration of the time duration or range containing the CG PUSCH occasions to be indicated by a UTO-UCI. This corresponds to a time duration or the number of CG PUSCH occasions after the last symbol of the PUSCH carrying the UTO-UCI. 
· Mapping from the indicated CG PUSCH occasions to the bitmap in the UTO-UCI.
It can be beneficial from network UL resource allocation perspective to indicate unused CG PUSCH occasions for all active CG configurations. The potential downside is that this may increase the payload size of the UTO-UCI. Basically, the UTO-UCI payload size can be adjusted by the time duration/range or the number of CG periods and the number of indicated CG configurations. Hence, the downside can be well controlled by the network.
Regarding which CG configuration’s PUSCH can be used to send the UTO-UCI, it is always beneficial if the UTO-UCI can be transmitted as frequently as possible. Similarly, overhead of the UTO-UCI can be adjusted by the UTO-UCI payload size and the number of CG configurations whose PUSCHs include the UTO-UCI. Considering that the relative overhead of the UTO-UCI vs. the data payload size matters, we think the UTO-UCI can be transmitted at least on CG PUSCH occasions for UL video transfer, but the UTO-UCI may not be transmitted on PUSCH occasions for UL pose information. 
As for the time duration and the number of indicated CG PUSCH occasions, a time offset between the end of the UTO-UCI and the earliest CG PUSCH occasion to be indicated may also be indicated. This is related to the timeline requirement for the UTO-UCI and it will be discussed in more details later in section 3.4. The time offset implies how fast the gNB can detect the UTO-UCI, skip unused CG PUSCH occasions as indicated and reallocate resources of the unused CG PUSCH occasions to other users. All these would largely depend on gNB implementation. For UE implementation and operation, it seems not critical to explicitly specify this time offset.
Mapping from indicated CG PUSCH occasions to the bitmap can be based on an indexing rule for CG PUSCH occasions that are associated with more than one CG period of multiple active CG configurations. Ordering of the CG PUSCH occasions can be determined by their starting symbol, CG configuration index, TRP index, carrier index or location of TDRA information for the CG PUSCH occasion in the row of the TDRA table.
[bookmark: o17]Observation 17: It is beneficial for network UL resource allocation and power saving if the UTO-UCI indicates unused PUSCH occasions for all active CG configurations.
[bookmark: o18]Observation 18: UTO-UCI indicating unused CG PUSCH occasions for multiple CG configurations can be included at least in the CG PUSCH for XR UL video traffic and may not be included in the CG PUSCH for XR UL pose information.

[bookmark: p6]Proposal 6: The UTO-UCI can indicate unused CG PUSCH occasions associated with more than one CG period for multiple active CG configurations. The feature can be enabled by
· Configuration to determine CG configuration(s) on which the UE can transmit the UTO-UCI.
· Configuration to determine CG configuration(s) whose PUSCH occasions can be indicated by the UTO-UCI.
· Configuration to determine a time duration containing the indicated CG PUSCH occasions or the number of indicated CG PUSCH occasions that are associated with multiple CG configurations, TRPs and carriers starting from the end of the UTO-UCI.
· Indexing rule for CG PUSCH occasions over multiple CG configurations, TRPs and carriers.

It can be more resource efficient if the allocated PUSCH occasions are allowed to be overlapping especially if PUSCHs of multiple CG configurations with different resource allocations overlap in time. Then the UE can use the UTO-UCI to select the one among the overlapping PUSCH occasions that best fits the size of buffered data and set the other ones as unused. Overlapping PUSCH occasions can be configured between two different CG configurations, e.g., with the same SLIV and different FDRA (see Figure 8 (a)) or in the same CG configuration, e.g., with different SLIV and same FDRA (see Figure 8 (b)).
[bookmark: o19]Observation 19: It is possible to configure the UE with multiple overlapping CG PUSCH occasions in current specs but the gNB has to blind detect the PUSCH.
[bookmark: o20]Observation 20: Overlapping CG PUSCH occasions can be associated with the same CG configuration or different CG configurations.
[bookmark: o21]Observation 21: Indication of unused CG PUSCH occasion(s) of multiple overlapping PUSCH occasions is useful for UE power savings and for reducing blind decoding at gNB (network energy savings).



(a) Overlapping PUSCH occasions between different CG configurations with different FDRA and same TDRA


(b) Overlapping PUSCH occasions of the same CG configuration with same FDRA and different TDRA
[bookmark: _Ref134349408]Figure 8: Overlapping CG PUSCH occasions 

The UE may choose one of the overlapping CG PUSCH occasions with minimal resource allocation to transmit its data with least unnecessary padding (Figure 9). This can provide UE power saving gains as the UE does not need to zero pad to the largest size of CG PUSCH occasion if the buffered data requires only fewer resource blocks RBs. Indication of which of the overlapping CG PUSCH occasions is skipped or utilized is also useful for gNB implementation since currently a UE can be granted multiple overlapping CG PUSCH occasions but the gNB has to blindly detect to figure out which of the CG PUSCH occasions have been utilized by the UE for UL transmission.
[bookmark: p7]Proposal 7: For multiple overlapping PUSCH occasions, a UE is allowed to utilize the CG PUSCH occasion with the smallest RB allocation that best fits the size of its buffered data.
[bookmark: o22]Observation 22: For the dynamic indication of the unused CG PUSCH occasion(s) among a set of PUSCH occasions, the CG PUSCH occasions can be overlapping in time. The overlapping PUSCH occasions allow for higher resource efficiency.
[bookmark: p8]Proposal 8: For the UTO-UCI design, RAN1 should consider the case that multiple PUSCH occasions overlap in time. The UE indicates at most one of the overlapping PUSCH occasions is not unused.

[image: Chart
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[bookmark: _Ref134348533]Figure 9: UE indicates one of multiple overlapping PUSCH occasions as not used

At last, we want to discuss the indexing of CG PUSCH occasions whose unused or not unused status is jointly indicated by the same UTO-UCI. The purpose of this indexing procedure is to map a CG PUSCH occasion to a bit in the bitmap of the UTO-UCI payload. Basically, it converts CG PUSCH occasions over multiple dimensions in CG configuration, TRP and component carrier into a one-dimensional bit sequence of the bitmap. Figure 10 is an example for indexing CG PUSCH occasions of three CG configurations. The indicated CG PUSCH occasions for CG configuration 1 are over more than one CG period. The 2nd PUSCH occasion and the 3rd PUSCH occasion in the figure overlap in time. In this example, index of CG PUSCH occasions is first incremented within the same CG configuration based on the start symbol and then across different CG configurations. In case multiple CG PUSCH occasions of the same CG configuration overlap in time, their indices can be determined by the location of their TDRA information in the row of the TDRA table that is used to configure the multi-PUSCH CG period.
[bookmark: p9]Proposal 9: For CG PUSCH occasions within a duration/time that are indicated by the same UTO-UCI, determine an index for each CG PUSCH occasion based on its start symbol, location of the {SLIV, K2, mapping type} combination in the row in the TDRA table that is used to configure the multi-PUSCH CG, CG configuration index, TRP index, and carrier index. A CG PUSCH occasion with index  is indicated by bit  in the bitmap.



[bookmark: _Ref134353114][bookmark: _Ref134353055]Figure 10: Indexing of CG PUSCH occasions in a time duration/range across CG configurations

UTO-UCI Transmission Occasions
	RAN1 #112bis-e
Agreement
· Option 1: For a CG PUSCH configuration, the UTO-UCI is included in every CG PUSCH that is transmitted (that is Option 1 in corresponding agreement in RAN1#112)
· FFS details
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



It was agreed in RAN1 #112bis-e the UTO-UCI is included in every transmitted CG PUSCH. Then it will not be a rare case to see one CG PUSCH occasion falls in the indication duration or range of multiple UTO-UCIs. In the example in Figure 11, the 4th PUSCH occasion can be indicated by any of the three UTO-UCIs. 



[bookmark: _Ref134369432]Figure 11: Same (4th) PUSCH occasion is indicated by multiple UTO-UCIs

[bookmark: o23]Observation 23: A same CG PUSCH occasion may be indicated by multiple UTO-UCIs included in multiple early CG PUSCH transmissions.
The UE may want to be conservative and keep more resources reserved at the beginning if it cannot fully predict whether data will be generated by the application layer in a future CG PUSCH occasion (i.e., in the 4th CG PUSCH occasion). In the example in Figure 11, this corresponds to the 3rd bit of the 1st UTO-UCI and the 2nd bit of the 2nd UTO-UCI which both indicate the 4th CG PUSCH occasion as not unused. When it approaches the target CG PUSCH occasion (i.e., 4th CG PUSCH occasion), the UE may know better whether data will be available or not. In the example in Figure 11, this corresponds to the 1st bit of the 3rd UTO-UCI which indicates the 4th CG PUSCH occasion will be unused because the UE is certain now no data needs to be transmitted on this PUSCH occasion. This example shows that it is beneficial if the UE can switch from not unused to unused for a CG PUSCH occasion to help the gNB reallocate more unused resource to other users.
The example above may be realized in another way if the UE only indicates certain PUSCH occasions as not unused if it has buffered UL data to be transmitted on these PUSCH occasions and indicates the other CG PUSCH occasions as unused if these PUSCH occasions are not needed for the buffered UL data. Then when more UL data is generated, the UE needs to change the indication for the early indicated unused PUSCH occasions from unused to not unused. Compared to the first example above (i.e., in Figure 11), this approach needs a timeline between the UTO-UCI to the target PUSCH occasion to be explicitly defined so that the gNB has enough time to allocate UL resource back to the UE. Hence, it is more complicated and not preferred.
[bookmark: p10]Proposal 10: UE can provide different indication for a CG PUSCH occasion in multiple UTO-UCIs. gNB uses the most recent UTO-UCI received from the UE.
· Support the case that a CG PUSCH occasion previously indicated as NOT unused in one UTO-UCI is later indicated as unused in another UTO-UCI.
· Do not support the case that a CG PUSCH occasion previously indicated as unused in one UTO-UCI is later indicated as NOT unused in another UTO-UCI.
As discussed above, given the UE’s limited predictability of future UL data generation, the UE can only indicate one of the following two cases unless explicit timeline requirement is specified:
· PUSCH will not be transmitted on a CG PUSCH occasion if it has been indicated as unused.
· PUSCH will be transmitted on a CG PUSCH occasion if has been indicated as not unused.
We would like to avoid specifying the explicit timeline as that will require more complicated implementation for both the gNB and the UE. Based on this, we have the following proposal.
[bookmark: p11]Proposal 11: Do not support the explicit indication of “used” CG PUSCH occasion(s).

[bookmark: _Ref134422907]UTO-UCI Encoding and Multiplexing
RAN1 #112bis-e agreed that the UTO-UCI will be defined as a new UCI. This reflects the consensus (after debating) that it is preferrable to have the same UTO-UCI design for both licenced and potential unlicenced operations (note that another popular proposal was to define the UTO-UCI as a new field in the CG-UCI for NR-U). The agreement suggests encoding and multiplexing of UTO-UCI should follow the same design as that for NR-U CG-UCI at least in licenced spectrum. Companies agreed to first focus on the UTO-UCI in licenced spectrum for the reason that this would help complete the basic feature within the remaining Rel-18 WI meeting time.
[bookmark: o24]Observation 24: Based on existing agreements on UTO-UCI encoding and multiplexing, at least in licenced spectrum, the UTO-UCI will follow the same encoding and multiplexing procedure as that for the NR-U CG-UCI.
Although it is not the focus in RAN1 for now, we believe UTO-UCI in unlicenced spectrum is also beneficial. First, if the gNB is able to decode the UTO-UCI early enough for an unused CG PUSCH occasion, it can allocate the resource to the other users before the access to wireless media is lost. Besides, the gNB can always save power if it skips detecting the PUSCH on a PUSCH occasion indicated as unused.
[bookmark: p12]Proposal 12: UTO-UCI is also beneficial for capacity enhancements and network energy saving in unlicenced spectrum. UTO-UCI design should be specified for unlicenced spectrum.
	RAN1# 112bis-e
Agreement
The UCI that provides information about unused CG PUSCH transmission occasions is defined as a “new UCI” (i.e. Alt. 1 of previous agreement).
Agreement
· With respect to PHY two-level priority, for a configured grant PUSCH configuration, the “UTO-UCI” has the same priority level as the configured grant PUSCH.
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.
Agreement
The existing CG-UCI encoding and multiplexing procedures are reused for encoding the “UTO-UCI” in a configured grant PUSCH in absence or presence of other UCIs being multiplexed in the PUSCH, by applying the following adjustments:
· The “UTO-UCI” is used instead of CG-UCI in the corresponding procedures for encoding of CG-UCI and/or HARQ-ACK and/or CSI, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” and applied when applicable. 
· If UTO-UCI and HARQ-ACK is not jointly encoded, the beta offset for the “UTO-UCI” is used in the procedures instead of CG-UCI beta offset, when applicable.
· If UTO-UCI and HARQ-ACK is jointly encoded, HARQ-ACK beta offset is used in the procedures instead of CG-UCI beta offset
· FFS on sequence generation order between UTO-UCI and HARQ-ACK
· FFS on dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured
· Note: The term “UTO-UCI” refers to the “UCI that provides information about unused CG PUSCH transmission occasions” for convenience.



There are two FFS points from RAN1 #112bis-e related to the UTO-UCI encoding and multiplexing procedure. In the first FFS on sequence generation order between UTO-UCI and HARQ-ACK, there was concern on the dropping of HARQ-ACK if UTO-UCI is generated before HARQ-ACK but UTO-UCI and HARQ-ACK cannot be both transmitted in the reserved resources. We think this should be a corner case if the network properly configures the UCI resource, which should be also the expected case for CG-UCI and HARQ-ACK multiplexing. Then, we support to reuse the same generation order between CG-UCI and HARQ-ACK for UTO-UCI and HARQ-ACK multiplexing.
[bookmark: p13]Proposal 13: RAN1 clarifies whether insufficient reserved resources for UTO-UCI and HARQ-ACK multiplexing on CG PUSCH should be considered as a corner case or not. If yes, sequence generation order between UTO-UCI and HARQ-ACK follows the sequence generation order between CG-UCI and HARQ-ACK based on the agreement to reuse the CG-UCI encoding and multiplexing procedure for the UTO-UCI.
The second FFS is on the dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured. If the UE follows the corresponding CG-UCI design, the CG-UCI and the PUSCH data are dropped when there is conflict with HARQ-ACK. In this case, we think the UE can just temporarily disable the UTO-UCI feature on the PUSCH occasion where such a conflict occurs. This simply falls back to the legacy UE and gNB behaviour for HARQ-ACK multiplexing into the CG PUSCH.
[bookmark: p14]Proposal 14: If UTO-UCI and HARQ-ACK multiplexing on PUSCH is not configured, when a HARQ-ACK collides with a UTO-UCI on a CG PUSCH occasion, the UE temporarily disables UTO-UCI transmission on the CG PUSCH occasion and falls back to existing HARQ-ACK multiplexing in CG PUSCH behaviour.

We have agreed to reuse the CG-UCI encoding and multiplexing procedure for the UTO-UCI. However, NR has two behaviours for UCIs to be multiplexed on PUSCH: rate matching based, and puncturing based, which depends on whether the UCI size is larger than two or not. The size of CG-UCI is always larger than 2, for which rate matching based UCI multiplexing is applied. The size of the UTO-UCI for XR is still pending. If the size of UTO-UCI can be equal to or smaller than 2, we may need to also consider puncturing based UCI multiplexing.
[bookmark: p15]Proposal 15: Support puncturing based UCI multiplexing for UTO-UCI when its size is equal to or smaller than 2.

[bookmark: _Ref134449665]Timeline Requirements
Timeline related discussion was captured in the following bullets in RAN1 #112bis-e [4].
	·  Topic 1) Timeline impact and/or requirements
· 1-1) Introduce timeline for indication of “unused” TOs
· 1-2) Impact on existing timelines due to “unused” TOs
· Moderator’s observation/suggestion: Use the discussion for better understanding of the issues, motivations, solutions, and their necessity for each sub-topics1-1 and 1-2. 



Bullet 1-1) is related to the timeline between the UTO-UCI and the earliest indicated unused CG PUSCH occasion. In our views such an explicit timeline requirement is unnecessary as it has no impact to whether the UE can skip the unused CG PUSCH occasion. If the gNB does not receive the indication early enough, it can always perform blind detection of PUSCH which is the existing gNB behaviour. Then it will be fully up to the gNB implementation whether it can reallocate skipped resources to other UEs. Introducing the timeline requirement for indication of unused CG PUSCH occasions does not seem to bring any benefit.
[bookmark: o25]Observation 25: Explicit timeline between UTO-UCI and unused PUSCH occasion has no impact to UE implementation for skipping a PUSCH occasion and hence can be left to gNB implementation. 
· If the gNB does not receive the UTO-UCI early enough it can always do blind detection of PUSCH.
[bookmark: p16]Proposal 16: An explicit timeline between the UTO-UCI and the indicated unused CG PUSCH occasion(s) is not needed for the UE to skip the CG PUSCH occasion(s).
Bullet 1-2) is related to potential optimizations by the UTO-UCI transmission to existing timelines. The existing timelines may include cancellation of CG PUSCH by dynamic scheduling and MCG and SCG dynamic power saving. This type of optimizations impacts the UE implementation and hence the timeline needs to be carefully discussed if the optimization is deemed necessary. The bottom line is for Rel-18 XR WI is existing timeline still works and hence can be maintained.
[bookmark: o26]Observation 26: Optimization for existing timelines due to UTO-UCI transmission has impacts to UE implementation of existing specification.
· It may not be critical to specify optimizations for existing timelines before the basic UTO-UCI feature is completed.

Other Topics
The following other topics were discussed in RAN1 #112bis-e and may need to be further discussed in RAN1 #113 [4]. In this section, we provide our views for these topics.
	· Other topics including
· Interaction with uplink skipping
· Moderator’s observation/suggestion: Interaction with enhanced UL Skipping regarding UCI multiplexing needs clarification. Suggest discussing at a later stage. 
· Restriction to licenced
· Moderator’s observation: The design is aimed to be generic and applicable to any CG.
· Applicability of feature to TBoM on Type-2 CG
· Moderator’s observation: The design is aimed to be generic and applicable to any CG.



Uplink skipping
In the NR specification, the UE is required to skip a CG PUSCH if it collides with
· Semi-static configuration including 
· DL symbol in semi-static TDD UL-DL configuration (tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated)
· SSB symbol(s) indicated by ssb-PositionsInBurst
· Symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set 
· Crosslink interference measurement resource
· Dynamic indication or transmission including
· DL reception scheduled by dynamic grant
· DL or flexible symbol indicated by SFI DCI 
· CG PUSCH follows in semi-static flexible symbols and UE did not receive a SFI DCI indicating format for the slot containing the symbols
· UL cancellation indication
· Other higher priority UL transmission
During analysis in section 3.3, we proposed to not support the explicit indication of “used” CG PUSCH occasion(s). As a result, for a CG PUSCH occasion that is indicated as NOT “unused”, the UE follows existing CG PUSCH skipping rule when there is a collision between the CG PUSCH occasion and other higher priority resource or operation such as semi-static DL symbol, DG scheduled DL symbol, SFI DL or flexible symbol, etc. 
On the other hand, when a CG PUSCH is skipped due to collisions, the UE should not be forced to indicate the CG PUSCH occasion as unused in the UTO-UCI. This is to avoid introducing additional complicated timeline requirements to PUSCH skipping due to UTO-UCI transmission. 
[bookmark: p17]Proposal 17: If a CG PUSCH is skipped due to collision with other higher priority resource or operation such as semi-static DL symbol, DG scheduled DL symbol, SFI DL or flexible symbol, etc., the UE is not required to indicate this CG PUSCH occasion as unused in the UTO-UCI.

Restriction to licenced spectrum
Based on our analysis in section 3.3, we believe the UTO-UCI is also beneficial for capacity enhancements and network energy saving for unlicenced spectrum. I.e., the gNB can reallocate resources of the unused PUSCH occasion to other UEs before it loses the media access if those UEs have requested for UL resources. In addition, the gNB can also use information about unused CG PUSCH occasions in the UTO-UCI to reduce the efforts in blind PUSCH detection. Although the current focus in RAN1 is to specify the UTO-UCI feature for licenced spectrum, eventually the feature should be specified for unlicensed spectrum too.

Applicability of feature to TBoMS on Type-2 CG
We also discussed the TBoMS for multi-PUSCH in section 2.3. Our observation was that UL coverage enhancement techniques are needed to resolve the 0 capacity issue for AR UL video communication in the Urban Macro scenario. Hence, TBoMS (and PUSCH repetition) should be considered as XR capacity enhancements. As pointed out by the Moderator, this applies to both legacy single PUSCH CG and the Rel-18 multi-PUSCH CG. For that, we think UTO-UCI design indicating TBoMS should be discussed.
[bookmark: p18]Proposal 18: Support the indication of unused CG PUSCH occasion(s) by the UTO-UCI when TBoMS and repetition are configured for Type-1 and Type-2 CG.

Conclusions
In this contribution, we have provided the following observations and proposals for the multi-PUSCH CG:
Observation 1: Configuration of consecutive CG PUSCH occasions is needed by NR-U but too restrictive for licenced spectrum. 
· Configuration of non-consecutive CG PUSCH occasions in licenced spectrum is beneficial for multiple user scheduling with traffics of different periodicities, priorities, and delay requirements.
· Alt-C2 can also be used to enable consecutive CG PUSCH occasions if needed.
Observation 2: Unlike PUSCH repetition and TBoMS which prefers a consistent equivalent coding rate for all TBs, it is unclear why the same number of available PUSCH occasions (i.e., PUSCH occasions not colliding with DL symbols) needs to be maintained across CG periods.
Observation 3: Even in FDD where the number of available PUSCH occasions is same across CG periods, there is also size mismatch between the XR data burst and the reserved UL resources. Common solutions should be considered for both FDD and TDD.
Observation 4: It is beneficial from network scheduling flexibility perspective if the number of HARQ processes is configured to be larger than the number of CG PUSCH occasions in the CG period.
· Note this is also the case for legacy CG PUSCH with a single PUSCH occasion in the CG period.
Observation 5: In comparison to X = 1, X = number of CG PUSCH occasions in a CG period has better separation in time for two CG PUSCH occasions that are assigned with the same HARQ ID.
Observation 6: None zero offset 1 in the HARQ ID formula for multi-PUSCH CG configuration may introduce a circular shift to HARQ IDs over CG PUSCH occasions. It is unclear how it is necessary for scheduling in comparison to offset 1 = 0.
Observation 7: There was no offset 2 in HARQ ID determination for legacy single PUSCH occasion CG period.
· For legacy CG, HARQ ID is allowed to be non-consecutive between CG periods.
· HARQ ID bookkeeping across CG periods by offset 2 introduces implementation and operational complexity without clear benefit.
Observation 8: Both Y = 1 and Y =2 can achieve similar effect for maximizing the time separation between two CG PUSCHs that are assigned with the same HARQ ID.
· Y = 1 is more straightforward as a later CG PUSCH is associated with a larger HARQ ID.
· Y = 2 alternates between even and odd HARQ IDs between CG periods.
Observation 9: Repetition and TBoMS are useful for capacity enhancements of AR UL video transfer in Urban Macro scenario.
Observation 10: CBG based retransmission has capacity benefit for the transfer of large size XR UL video data.
Observation 11: Frequency hopping for legacy CG can be inherited by the multi-PUSCH CG with minimal specification impact.
Observation 12: If multiple CG PUSCH occasions overlap in time, the UTO-UCI that indicates unused CG PUSCH occasions can indicate one of these PUSCH occasions as not unused, e.g., the UE selects one of the overlapping PUSCH occasion that has the least amount of UL resources sufficient for transmitting the buffered UL data.

Proposal 1: Support Alt-C2 for the determination of TDRA for multiple PUSCH occasions in the CG period
· Alt-C2: Follow Rel-17 single DCI scheduling multiple PUSCHs.
Proposal 2: For Type 2 multi-PUSCH CG, TDRA field in the activation DCI indicates a row with multiple {K2, SLIV, PUSCH mapping types} combinations.
· RRC configuration pusch-TimeDomainAllocationListForMultiPUSCH-r16 can be reused as the TDRA table for multi-PUSCH CG configuration. 
· Remove the restriction that the TDRA field in the CG activation DCI format indicates a row with single SLIV. 
· RAN1 discusses if multiple fields of RV and NDI are included in the activation and release DCI.
Proposal 3: For the Type 1 multi-PUSCH CG, time domain resource for PUSCH occasions is determined by: 
· RRC configuration timeDomainAllocation in the rrc-ConfiguredUplinkGrant in ConfiguredGrantConfig indicates a row in the TDRA table with multiple combinations of {SLIV, K2, PUSCH mapping type} each for a PUSCH occasion in the CG period.
· RRC configuration pusch-TimeDomainAllocationListForMultiPUSCH-r16 can be reused as the TDRA table.
· For the Nth multi-PUSCH CG period, the CG PUSCH occasion that is configured with K2 and start symbol S starts at the symbol with “SFN”, “slot number in the frame” and “symbol number in the slot” given by the formula:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = (timeReferenceSFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + (timeDomainOffset + K2) × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
Proposal 4: Support the following for HARQ Process ID determination for the multi-PUSCH CG configuration.
· X = number of configured PUSCH occasions in a CG period
· Y = 1
· Offset 1 = 0
· Offset 2 = 0
Proposal 5: Support retransmission of multiple TBs scheduled by a single DCI with corresponding initial transmissions in CG PUSCHs
· A bitmap is used to indicate the scheduled PUSCH retransmissions with each bit associated with a CG PUSCH occasion where the UE has transmitted an initial transmission of the PUSCH.
· If Rel-17 single DCI scheduling multiple PUSCHs is used for CG PUSCH retransmission scheduling, the NDI field can be used as the bitmap.
· NDI bit = 1 for PUSCH to be retransmitted and UE retransmits associated PUSCH.
· NDI bit = 0 for PUSCH that does not need retransmission.
· FFS: RV indications for multiple re-scheduled PUSCHs by a single DCI.

We have provided the following observations and proposals for UTO-UCI designs:
Observation 13: The UTO-UCI indicating unused CG PUSCH transmission occasion(s) is beneficial because:
· gNB can reallocate resources of the unused PUSCH occasion to other UEs.
· UE can save power by selecting a proper number of resources for PUSCH transmission.
· gNB can save power by skipping PUSCH blind detection on the unused PUSCH occasion.
Observation 14: Use cases for the UTO-UCI indicating CG PUSCH occasions over multiple CG periods of multiple active CG configurations at least include:
· Indication of unused CG PUSCH occasions for legacy single PUSCH CG periods.
· Indication of unused CG PUSCH occasions across multiple active CG configurations associated with different types of traffic.
· Indication of unused CG PUSCH occasions due to jitter time.
· Robust UTO-UCI transmission in FR1 carrier indicating PUSCH occasions in FR2 carrier.
Observation 15: The UTO-UCI can indicate CG PUSCH occasions over multiple CG periods of multiple active CG configurations if the time/duration containing the indicated CG PUSCH occasions is explicitly configured.
Observation 16: The UTO-UCI indicating PUSCH occasions of multiple active CG configurations allows the network to know unused CG PUSCH occasions earlier than the UTO-UCI that only indicates PUSCH occasions of the same CG configuration. 
Observation 17: It is beneficial for network UL resource allocation and power saving if the UTO-UCI indicates unused PUSCH occasions for all active CG configurations.
Observation 18: UTO-UCI indicating unused CG PUSCH occasions for multiple CG configurations can be included at least in the CG PUSCH for XR UL video traffic and may not be included in the CG PUSCH for XR UL pose information.
Observation 19: It is possible to configure the UE with multiple overlapping CG PUSCH occasions in current specs but the gNB has to blind detect the PUSCH.
Observation 20: Overlapping CG PUSCH occasions can be associated with the same CG configuration or different CG configurations.
Observation 21: Indication of unused CG PUSCH occasion(s) of multiple overlapping PUSCH occasions is useful for UE power savings and for reducing blind decoding at gNB (network energy savings).
Observation 22: For the dynamic indication of the unused CG PUSCH occasion(s) among a set of PUSCH occasions, the CG PUSCH occasions can be overlapping in time. The overlapping PUSCH occasions allow for higher resource efficiency.
Observation 23: A same CG PUSCH occasion may be indicated by multiple UTO-UCIs included in multiple early CG PUSCH transmissions.
Observation 24: Based on existing agreements on UTO-UCI encoding and multiplexing, at least in licenced spectrum, the UTO-UCI will follow the same encoding and multiplexing procedure as that for the NR-U CG-UCI.
Observation 25: Explicit timeline between UTO-UCI and unused PUSCH occasion has no impact to UE implementation for skipping a PUSCH occasion and hence can be left to gNB implementation. 
· If the gNB does not receive the UTO-UCI early enough it can always do blind detection of PUSCH.
Observation 26: Optimization for existing timelines due to UTO-UCI transmission has impacts to UE implementation of existing specification.
· It may not be critical to specify optimizations for existing timelines before the basic UTO-UCI feature is completed.

Proposal 6: The UTO-UCI can indicate unused CG PUSCH occasions associated with more than one CG period for multiple active CG configurations. The feature can be enabled by
· Configuration to determine CG configuration(s) on which the UE can transmit the UTO-UCI.
· Configuration to determine CG configuration(s) whose PUSCH occasions can be indicated by the UTO-UCI.
· Configuration to determine a time duration containing the indicated CG PUSCH occasions or the number of indicated CG PUSCH occasions that are associated with multiple CG configurations, TRPs and carriers starting from the end of the UTO-UCI.
· Indexing rule for CG PUSCH occasions over multiple CG configurations, TRPs and carriers.
Proposal 7: For multiple overlapping PUSCH occasions, a UE is allowed to utilize the CG PUSCH occasion with the smallest RB allocation that best fits the size of its buffered data.
Proposal 8: For the UTO-UCI design, RAN1 should consider the case that multiple PUSCH occasions overlap in time. The UE indicates at most one of the overlapping PUSCH occasions is not unused.
Proposal 9: For CG PUSCH occasions within a duration/time that are indicated by the same UTO-UCI, determine an index for each CG PUSCH occasion based on its start symbol, location of the {SLIV, K2, mapping type} combination in the row in the TDRA table that is used to configure the multi-PUSCH CG, CG configuration index, TRP index, and carrier index. A CG PUSCH occasion with index  is indicated by bit  in the bitmap.
Proposal 10: UE can provide different indication for a CG PUSCH occasion in multiple UTO-UCIs. gNB uses the most recent UTO-UCI received from the UE.
· Support the case that a CG PUSCH occasion previously indicated as NOT unused in one UTO-UCI is later indicated as unused in another UTO-UCI.
· Do not support the case that a CG PUSCH occasion previously indicated as unused in one UTO-UCI is later indicated as NOT unused in another UTO-UCI.
Proposal 11: Do not support the explicit indication of “used” CG PUSCH occasion(s).
Proposal 12: UTO-UCI is also beneficial for capacity enhancements and network energy saving in unlicenced spectrum. UTO-UCI design should be specified for unlicenced spectrum.
Proposal 13: RAN1 clarifies whether insufficient reserved resources for UTO-UCI and HARQ-ACK multiplexing on CG PUSCH should be considered as a corner case or not. If yes, sequence generation order between UTO-UCI and HARQ-ACK follows the sequence generation order between CG-UCI and HARQ-ACK based on the agreement to reuse the CG-UCI encoding and multiplexing procedure for the UTO-UCI.
Proposal 14: If UTO-UCI and HARQ-ACK multiplexing on PUSCH is not configured, when a HARQ-ACK collides with a UTO-UCI on a CG PUSCH occasion, the UE temporarily disables UTO-UCI transmission on the CG PUSCH occasion and falls back to existing HARQ-ACK multiplexing in CG PUSCH behaviour.
Proposal 15: Support puncturing based UCI multiplexing for UTO-UCI when its size is equal to or smaller than 2.
Proposal 16: An explicit timeline between the UTO-UCI and the indicated unused CG PUSCH occasion(s) is not needed for the UE to skip the CG PUSCH occasion(s).
Proposal 17: If a CG PUSCH is skipped due to collision with other higher priority resource or operation such as semi-static DL symbol, DG scheduled DL symbol, SFI DL or flexible symbol, etc., the UE is not required to indicate this CG PUSCH occasion as unused in the UTO-UCI.
Proposal 18: Support the indication of unused CG PUSCH occasion(s) by the UTO-UCI when TBoMS and repetition are configured for Type-1 and Type-2 CG.
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