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Introduction
In RAN1#112bis-e meeting, same FDRA and same MCS for different PUSCH occasions in a multi-PUSCHs CG have been agreed, whereas the TDRA determination and HP ID determination of CG PUSCHs in a period were still pending [1]. 
This contribution focuses on remaining issues of XR specific capacity enhancements. For example, alternative solutions of TDRA and HP ID determination for multiple CG PUSCHs are further discussed in section 2 for down selection at this meeting. Moreover, analysis of leftover for the information of the UCI are given in section 3. 
Multiple CG PUSCH transmission occasions in a period 
Time domain resource allocation determination
In RAN1#112bis-e meeting, the schemes for time domain resource allocation determination for multi-PUSCHs CG have been down scoped. Companies have consensus of focusing on Alt-A1, Alt-B, Alt-C2 as follows:
	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


The alternative schemes for time domain resource allocation determination for multi-PUSCHs CG are listed as follow:
· 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
XR traffic consideration:
In past meetings, it was highlighted that whether or not to support nonconsecutive PUSCHs for TDRA determination should be discussed and concluded firstly. More importantly, the concept of whether two PUSCHs are consecutive or nonconsecutive should be clarified in RAN1 group. In this contribution, we assume that two PUSCHs are considered as consecutive PUSCHs in following cases as illustrated in Figure 1.
[image: 连续PUSCH情况分析]
Figure 1: Illustration for consecutive CG PUSCHs in DDDSU configuration.
(Case 1: PUSCH1 and PUSCH2 in two adjacent UL slots are consecutive. Case 2: PUSCH2 and PUSCH3 in one UL slot are consecutive. Case 3: PUSCH3 and PUSCH4 in UL slot and S slot, respectively, are consecutive, even though there are DL slots between them.)
In contrast with consecutive PUSCHs, PUSCH 1 and PUSCH 2 are nonconsecutive PUSCHs as shown in Figure 2. In that case, one UL slot (denoted as red block) is skipping in a CG PUSCH configuration. 
[image: 非连续PUSCH情况分析]
Figure 2: Illustration for nonconsecutive CG PUSCHs in DDDSU configuration.
(e.g., PUSCH 1 and PUSCH 2 are nonconsecutive PUSCHs)
Given above clarification, we think that for XR UL video service, PDB requirement is quite stringent, and it is more reasonable to transmit the TBs as soon as possible. Consequently, configuring consecutive CG PUSCHs is more natural than nonconsecutive CG PUSCH design.  
[bookmark: _Toc19973]Consecutive CG PUSCHs should be configured for XR UL video service to address the stringent PDB requirement. 
Moreover, regarding XR UL video service, the characteristic of large packet size should be taken into account, that means one TB is more likely to occupy most of symbols in one slot. Therefore, instead of mini-slot based CG PUSCH, slot-based CG PUSCH configuration is more suitable for XR video traffic.
[bookmark: _Toc14286]Instead of mini-slot based CG PUSCH, slot-based CG PUSCH configuration is suitable for XR video traffic. 
Alternative schemes comparisons
The essential parameters/features for TDRA determination contains following two aspects:
· determine time offset of CG PUSCHs in one CG period
· determine the SLIV value per CG PUSCH in one CG period. 
Firstly, from the perspective of SLIV value, we think it is necessary to have different SLIVs between different PUSCH occasions. For a TDD configuration, e.g., slot format pattern is DDDSU, there are different numbers and location of UL symbols in between S slot and U slot, resulting in different lengths of allocated symbols and different locations of starting symbols for potential PUSCH transmission. The constraint of using same SLIV value may lead to inefficient TDRA for some U slots.
For one example, the CG PUSCH is starting from S slot in TDD configuration DDDSU, where S slot has 10 DL symbols, 2 guard symbols and 2 UL symbols. In order to fully use the UL resource, the PUSCH in S slot can be allocated up to L=2 symbols in time domain. If the same SLIV value is considered, the PUSCH in UL slot is also allocated up to L = 2 symbols in time domain. In this case, under the assumption of one CG PUSCH in one slot, it would enlarge the transmission delay and decrease the capacity performance. 
[image: SameSLIVproblem1]
Figure 3: Same SLIV when multi-PUSCHs CG is starting from S slot.
Additionally, if a CG PUSCH starts from U slot and 8 symbols of this U slot is allocated for PUSCH occasion, then the S slot cannot be used since it has only 2 UL symbols, which may also cause resource waste.  
[image: SameSLIVproblem2]
Figure 4: Same SLIV when multi-PUSCHs CG is starting from U slot.
[bookmark: _Toc7813]The constraint of using same SLIV value may lead to inefficient resource usage and limited TDRA.
[bookmark: _Toc8440]Different SLIV values for different CG PUSCHs in one CG period should be supported for multi-PUSCHs CG.
Secondly, we think that time offset can be indicated explicitly or implicitly. For instance, a time offset of each CG PUSCH in one CG period can be indicated by DCI or RRC signaling (as shown in Figure 5-a). On the other hand, assuming the time offset of first CG PUSCH in a CG configuration is known, and consecutive CG PUSCHs are configured at valid UL slots. Then the time offset of remaining CG PUSCHs in a CG configuration can be implicitly derived, which is illustrated in Figure 5-b, once the first CG PUSCH is determined, locations of consecutive 4 PUSCHs can be determined in a time duration.
	[image: TimeOffset显示式指示]
	[image: TimeOffset隐式指示]

	(a) Explicit indication
	(b) time offset for first CG PUSCH is given, and do not indicate time offset for other CG PUSCH


Figure 5 Consecutive CG PUSCHs configuration for multi-PUSCHs CG.
In our opinion, the slot validation is necessary for considering the potential collision between configured PUSCH and D slot, no matter explicit indication or implicit indication is used for time offset determination. There is no need to explicitly indicate time offset for CG PUSCHs other than the first CG PUSCH in a CG configuration, since those time offsets can obtain implicitly as Figure 5-b shown.
[bookmark: _Toc13918]There is no difference on indicating explicitly the time offset by DCI or RRC signaling and indicating implicitly the time offset by slot validation. 
Next, based on the discussed two aspects of features for TDRA determination, the three candidate schemes of TDRA determination are analyzed. 
Alt-A1: 
Given that the first CG PUSCH within multiple PUSCHs in K consecutive slots is configured by legacy CG parameter, and repetition factor K is configured via RRC or activation DCI, we can determine the location of slots where allocate CG PUSCHs. But using single SLIV value is not reasonable because this constraint may rule out allocation of UL symbols in flexible slots in TDD configuration for CG PUSCH based on what we have discussed in above context.
Alt-B:
The parameters M, N are configured for Alt-B, (M≥1). In this case, we assume 1 PUSCH TO in a slot is configured, and N consecutive slots is configured via RRC, meanwhile the first CG PUSCH is configured by legacy CG parameters; then the location of slots that have CG PUSCHs can be determined as well. The problem is the same as Alt-A1, i.e., the constraint of single SLIV for all CG PUSCH occasions. 
[bookmark: _Toc8774]For Alt-A1 and Alt-B, using single SLIV value is not reasonable because this constraint may rule out allocation of UL symbols in flexible slots in TDD configuration for CG PUSCH.  
Alt-C2:
The parameter of time offset can be explicitly indicated in this method. And different SLIV values can be feasible for Alt-C2, thus multiple CG PUSCHs with variable SLIVs between S slot and U slot in a CG period can be determined. 
[bookmark: _Toc15847]For Alt-C2, flexible SLIV values for different for CG PUSCH can be supported.
[bookmark: _Toc7530]Support Alt-C2 for TDRA determination for multi-PUSCHs CG Type 2, i.e., following Rel-17 single DCI scheduling multiple PUSCHs.
However, Alt-C2 may be limited to CG Type 2. TDRA table determination for multi-PUSCHs CG Type 1 should be further discussed. According to current specification, the TDRA table determination for CG Type 1 is listed as follows [2]:
	TS 38.214
6.1.2.3 Resource allocation for uplink transmission with configured grant
When PUSCH resource allocation is semi-statically configured by higher layer parameter configuredGrantConfig in BWP-UplinkDedicated information element, and the PUSCH transmission corresponding to a configured grant, the following higher layer parameters are applied in the transmission:
-	For Type 1 PUSCH transmissions with a configured grant, the following parameters are given in configuredGrantConfig unless mentioned otherwise:
-	For the determination of the PUSCH repetition type, if the higher layer parameter pusch-RepTypeIndicator in rrc-ConfiguredUplinkGrant is configured and set to 'pusch-RepTypeB', PUSCH repetition type B is applied; otherwise, PUSCH repetition type A is applied;  
-	For PUSCH repetition type A, the selection of the time domain resource allocation table follows the rules for DCI format 0_0 on UE specific search space, as defined in Clause 6.1.2.1.1.
-	For PUSCH repetition type B, the selection of the time domain resource allocation table is as follows:
-	If pusch-RepTypeIndicatorDCI-0-1 in pusch-Config is configured and set to 'pusch-RepTypeB', pusch-TimeDomainAllocationListDCI-0-1 in pusch-Config is used;
-	Otherwise, pusch-TimeDomainAllocationListDCI-0-2 in pusch-Config is used.
-	It is not expected that pusch-RepTypeIndicator in rrc-ConfiguredUplinkGrant is configured with 'pusch-RepTypeB' when none of pusch-RepTypeIndicatorDCI-0-1 and pusch-RepTypeIndicatorDCI-0-2 in pusch-Config is set to 'pusch-RepTypeB'.
-	The higher layer parameter timeDomainAllocation value m provides a row index m+1 pointing to the determined time domain resource allocation table, where the start symbol and length are determined following the procedure defined in Clause 6.1.2.1;


In RAN1#112bis-e meeting, PUSCH repetition type B is considered to be more complex in TDRA determination due to out of slot boundary. To this end, we focus on the TDRA table determination for PUSCH repetition type A. Per current specification, the TDRA table follows the rules for DCI format 0_0 on UE specific search space for PUSCH repetition type A, where only single SLIV tables are selected. As a result, at least the rules for DCI format 0_0 on UE specific search space should be extended to support multi-SLIVs tables for CG Type 1. 
[bookmark: _Toc8171]TDRA table of current CG Type 1 includes only single SLIV table. 
One possible enhancement is that the timedomainAllocationList indicated by the parameter timeDomainAllocation in the rrc-ConfiguredUplinkGrant IE can be extended to support multiple SLIV values for multi-PUSCHs CG Type 1 (e.g., pusch-TimeDomainAllocationListForMultiPUSCH). And the number of SLIV values in one of row of timeDomainAllocationList is able to denote the number of CG PUSCHs in a CG period.
[bookmark: _Toc10104] Support to extend the timeDomainAllocationList to multi-SLIVs table for CG Type 1.
Moreover, if different SLIV values can be supported by Alt-A1 or Alt-B, these alternatives can be considered. Additionally, as we discussed, for XR UL video service, the limitation that one CG PUSCH in one slot should be also considered for Alt-B, (i.e. M=1). Then, we have following proposal: 
[bookmark: _Toc28366]Alt-A1 and Alt-B for TDAR determination of multi-PUSCHs CG can be considered if different SLIV values for different CG PUSCHs in one CG period is supported.
HARQ Process ID determination
The determination of HARQ process IDs (HP IDs) associated to PUSCHs in multi-PUSCHs CG assuming one TB per PUSCH was agreed as follows:
	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.


First of all, this approach basically comprises two steps, i.e., step 1: the HP ID of the first configured/valid PUSCH in one CG period is determined by a formula based on legacy formula in TS 38.321 [3]. Step 2: the HP IDs of the remaining configured/valid PUSCHs in one CG period is determined by increasing the HP ID of the preceding PUSCH in the period. 
The remaining issues for HP ID determination are to determine the formula for the HP ID of the first CG PUSCH and determine the increasing step for the HP IDs of the remaining CG PUSCH. In other words, we need to finalize the design of parameters offset 1, X, offset 2, and Y.
X and offset2
For the HP ID determination, it is reasonable to maximize the gap between CG PUSCH occasions using the same HP ID and minimizing the total number of HP ID used by CG from efficient network scheduling perspective. 
For example, if the gap between two CG PUSCH occasions using the same HP ID is sufficient assuming certain number of HARQ processes is assigned, it can provide more opportunities of corresponding re-transmissions. Furthermore, existing HP ID assignment for CG PUSCHs reflects this feature as well, i.e., the HP ID circulates from 0 to maximum HP ID. 
Thus, X was proposed in the formula, so that HP ID of CG PUSCHs in multiple CG periods can circulate from 0 to maximum HP ID. However, in particular for scheduling of XR traffic with enhanced CG method, CG PUSCHs is assumed to be over-preserved, that implies probably the last several transmission occasions are unused and corresponding HP IDs are not utilized neither. In that case, certain HP IDs (e.g., the last ones in a CG period) have high probability of not being used for a long time period. 
To this end, offset2 is introduced so that a cyclic-shifted HP ID pattern in consecutive periods (as shown in Figure 6) can help fully use all configured HP IDs associated to CG PUSCHs. At the same time, HP ID of transmitted PUSCH still circulates from 0 to maximum HP ID.

[image: CS HARQ process ID per period]
Figure 6: Diagram of cyclic shifted HP ID pattern in each period
(e.g., offset2 value is based on UCI indication for unused transmission occasions in previous CG period.)
As illustrated in Figure 6, there are unused transmission occasions (i.e., 3-th and 4-th transmission occasion) with the corresponding unused HP ID (i.e., ID = 3, and ID = 4) in the 1-st period. And in the 2-nd period, it is best to start the HP ID from ID = 3 so that the unused HP IDs in the 1-st period can be fully used in the 2-nd period. As a result, the HP IDs in the 2-nd period is {3, 4, 0, 1, 2}. Considering the used HP IDs and unused HP IDs in one CG period, the HP ID patterns between different periods are shifted cyclically. For example, the HP ID pattern in the 1-st period is {0, 1, 2, 3, 4}, while that in the 2-nd period is {3, 4, 0, 1, 2}, which is 2 units cycle shifted based on {0, 1, 2, 3, 4}.
Moreover, in our view, there are no difference between the case that X is multiplied with CURRENT_symbol within floor operation and the case that X is multiplied with the result of the floor operation. Hence, we prefer that X is multiplied with CURRENT_symbol within floor operation.
[bookmark: _Toc22339][bookmark: _Toc8789]A cyclic-shifted HARQ process ID pattern for each CG period is capable of achieving maximum gap among CG PUSCH occasions using the same HARQ process ID and having minimum total number of HARQ process ID associated to CG PUSCHs, if unused transmission occasions exist in CG periods. 
Regarding the derivation of the value of offset2, some companies concerned about the reliability of UCI transmission, in case of miss detection of the UCI, gNB and UE may have mis-alignment in understanding of the value of offset2. However, we think the reliability of UCI is sufficient, given multiple UCI is repeatedly transmitted in CG PUSCHs. Moreover, the Beta-offset can be configured to ensure reliable transmission of the UCI. 
Additionally, complexity may be high if the HP ID determination depends on a dynamic value based on UCI information. So a simpler cyclic-shifted HP ID pattern can be considered, i.e., X = 1 and offset2 = 0. In this case, the HP ID pattern for one CG period would be cyclically shifted by one per CG period, which is shown in Figure 7.  
[image: Legacy HARQ process ID pattern]
Figure 7: HP ID pattern based on legacy formula for the first configured/valid CG PUSCH
To this regard, we have the following proposal:
[bookmark: _Toc32058]Support the following two options for HP ID determination of the first configured/valid CG PUSCH in one CG period for multi-PUSCHs CG: 
· [bookmark: _Toc9691]Option 1: X denotes the number of transmission occasions in one CG period and offset2 is determined by UCI indication for unused transmission occasions in the formula, i.e., 
· [bookmark: _Toc27834]HARQ Process ID = [floor(X*CURRENT_symbol / periodicity)+offset2] modulo nrofHARQ-Processes
· [bookmark: _Toc24711]HARQ Process ID = [floor(X*CURRENT_symbol / periodicity)+offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
· [bookmark: _Toc19418]Option 2: X = 1 and offset2 = 0 in the formula, i.e., 
· [bookmark: _Toc5601]HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes
· [bookmark: _Toc13113]HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
Offset1
One of the motivations of introducing offset1 is to address the problem of waste of HP ID caused by UL jitter. However, if UL jitter is considered, only the jitter range and its statistical characteristic can be obtained according to SA agreement [4], implying the actual instant jitter value cannot be known either at UE side or at gNB side. To this regard, we think offset1 can’t be obtained in the formula. 
[bookmark: _Toc19098]Support offset1 = 0, since actually instant jitter value cannot be obtained.
Y
From our perspective, Y = 1 is more feasible to meet the principle of HP ID determination as mentioned above. Y > 1 may enlarge the gap between PUSCHs with the same HP ID, but at the cost of increasing total number of HP IDs. And the total number of HP IDs should be larger than Y * N, where N denotes the number of transmission occasions in one CG period. Assuming Y = 2, N = 4 and 8 HP IDs is configured for this multi-PUSCHs CG, then we have the ideal pattern as follows:
[0, 2, 4, 6], [1, 3, 5, 7], [0, 2, 4, 6], [1, 3, 5, 7], wherein [] means one CG period
If total number of HP IDs (e.g., 6) is less than Y * N, there would be some CG PUSCHs with same HP ID in one CG period, which leads to HARQ process congestion if re-transmission occurs (thus not acceptable). 
[0, 2, 4, 0], [1, 3, 5, 1], [0, 2, 4, 0], [1, 3, 5, 1], wherein [] means one CG period
[bookmark: _Toc3104][bookmark: _GoBack]Y > 1 will increase the number of configured HP ID, which is more likely to cause HARQ process ID starvation.
Based on the analysis above, we have following proposal:
[bookmark: _Toc20778]Support Y = 1 for the increasing step for the HP IDs of the remaining CG PUSCHs for HP ID determination for multi-PUSCHs CG. 
Dynamic indication of unused CG PUSCH occasion(s)  
[bookmark: _Toc29089][bookmark: _Toc82][bookmark: _Toc29400][bookmark: _Toc525]What information the UCI contains
For the information the UCI contains, the remaining issues are categorized by two aspects:
· The bitmap can indicate CG PUSCH TO(s) in one CG period or in multiple CG periods
· The bitmap can indicate CG PUSCH TO(s) associated to multiple CG configuration.
	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)


Towards the single or multiple CG period(s) indication for multi-PUSCHs CG, the transmission occasions in one CG period are used for transmitting one XR packet while the transmission occasions in the following CG period are used for transmitting another XR packet. 
[image: UCI information的一个或者多个period的不同理解]
Figure 8: Indicate the CG PUSCH TO(s) in one CG period (assuming CG period aligns with traffic period)
According to TR38.838 [5], the packet size follows the truncated Gaussian distribution, implying each packet size varies randomly. As a result, it is impossible or very complicate using UCI to indicate the usage of transmission occasions in the following CG period. For one thing, UE cannot predict the packet size in the following CG period. For another, UE cannot know the TDRA/FDRA/MCS level, which are used for deriving the unused transmission occasions, if DCI/RRC signaling re-initializes the CG configuration in that period.
As a result, we should consider the case the UCI information is only able to indicate the CG PUSCH TO(s) in one CG period.
[bookmark: _Toc18067]Support UCI information to indicate the CG PUSCH TO(s) in only one CG period.
Towards the single or multiple CG configuration(s) indication, we think multiple CG configurations indication may be feasible and it is beneficial for lower signaling overhead and earlier indication of unused PUSCH occasion(s). However, if CG configuration ordering/grouping is further considered for joint indication, it becomes more complicated and needs more specification effort.
[bookmark: _Toc15739]FFS UCI information indicates the CG PUSCH TO(s) in multiple CG configurations.
In RAN1#112bis-e meeting, UCI information is agreed to be in type of bitmap [1]. Bitmap can achieve the most flexible indication but at cost of relatively high signaling overhead. To this end, the reduced signaling overhead for UCI information is introduced, which is beneficial on capacity improvement. The benefit seems more noticeable for UL transmission of users at the edge of cell. 
One way to reduce signaling overhead is to indicate unused information for partial CG occasions in one CG period, implying to reduce the length of bitmap. For the multi-PUSCHs CG, the number of transmission occasions in one period can be configured based on the maximum packet size of XR traffic. While the first several transmission occasions in one period are always occupied since there is a minimum packet size of XR traffic. As a result, the unused transmission occasions occur in the last few transmission occasions. Therefore, it is not necessary for UCI to indicate the usage of all transmission occasions in a period. The UCI indication is designed to indicate the usage of the last few transmission occasions, so that the signaling overhead can be limited. 
For example, assuming 8 transmission occasions are configured in a CG period, UCI is capable of focusing on indicating the last 4 transmission occasions in a CG period since the first 4 transmission occasions in a CG period are likely occupied.
[image: 部分指示方案]
Figure 9: Illustration of indicating partial CG occasions by bitmap
To this end, we have following proposal:
[bookmark: _Toc15371]In order to further reduce the signaling overhead of UTO-UCI, reduced signaling overhead schemes, e.g., indicating partial transmission occasions in one CG period can be considered.
Moreover, the starting position and the length of bitmap can be determined flexibly to control the signaling overhead. And it is also beneficial to guarantee the reliability of data transmission considering the UTO-UCI is transmitted in every CG PUSCH in one CG period.
How the UCI is sent 
The remaining issue for how the UCI is sent is the encoding and multiplexing rule of UTO-UCI signaling based following agreements.
	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, whichever is present.
· For determining the beta-offset,
· Beta offset is configured for the “UTO-UCI” 
· 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
· 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.


The remaining issue includes the sequence generation order between UTO-UCI and HARQ-ACK, as well as dropping rule between UTO-UCI and HARQ-ACK. From the perspective of the sequence generation order between UTO-UCI and HARQ-ACK, the sequence generation order between CG-UCI and HARQ-ACK can be reused. CG-UCI bits are generated ahead of HARQ-ACK bits as section 6.3.2.1.4 in TS 38.212 [6], which is shown as follows. In our view, no additional enhancement is needed.
	[bookmark: _Toc29327717][bookmark: _Toc36046313][bookmark: _Toc36045907][bookmark: _Toc29326567][bookmark: _Toc45209230][bookmark: _Toc36046167][bookmark: _Toc51852403][bookmark: _Toc99626854]6.3.2.1.4	HARQ-ACK and CG-UCI
When higher layer parameter cg-UCI-Multiplexing is configured, the UCI bit sequence  is determined as follows, where .
-	The CG-UCI bits are mapped to the UCI bit sequence, where for . The CG-UCI bit sequence  is given by Table 6.3.2.1.3-1 mapped in the order from upper part to lower part, and  is number of CG-UCI bits;
-	The HARQ-ACK bits are mapped to the UCI bit sequence , where  for . The HARQ-ACK bit sequence  is given by Clause 9.1 of [5, TS38.213], and  is number of HARQ-ACK bits.


Therefore, we have following proposal:
[bookmark: _Toc7282]Reuse the sequence generation order between CG-UCI and HARQ-ACK when considering the sequence generation order between UTO-UCI and HARQ-ACK.
For the dropping rule between UTO-UCI and HARQ-ACK when joint encoding is not configured, dropping HARQ ACK would increase the transmission delay of re-transmission, while dropping UTO-UCI would not affect unused transmission occasions release since UTO-UCI is transmitted every CG PUSCH with data. Compare the impact of dropping, dropping UTO-UCI is more reasonable when joint encoding is not configured.
[bookmark: _Toc5419]Support the dropping rule between UTO-UCI and HARQ-ACK that dropping UTO-UCI when joint encoding is not configured.
For multiplexing rule of UTO-UCI, following two cases for CG-UCI multiplexing should be considered. 
· when UCI-MuxWithDifferentPriority is not configured, i.e., only the UCI signalings without priority are multiplexed in PUSCH, CG-UCI or CG-UCI+HARQ-ACK (denoting jointly encoded CG-UCI and HARQ-ACK) is multiplexed starting at the first symbol after the first DMRS symbol of the PUSCH. 
· when UCI-MuxWithDifferentPriority is configured, i.e., UCI signaling with different priorities can be multiplexed in PUSCH, CG-UCI or CG-UCI+HARQ-ACK with priority 0 is multiplexed starting at the first symbol of the PUSCH, while CG-UCI or CG-UCI+HARQ-ACK with priority 1 is multiplexed starting at the first symbol after the first DMRS symbols of the PUSCH.
Since the priority determination of UTO-UCI is agreed to be the same as that of PUSCH [1], the CG-UCI multiplexing rule can be reused for the multiplexing rule of UTO-UCI. i.e., we have following proposals:
[bookmark: _Toc4771]Reuse the multiplexing rule of CG-UCI for the multiplexing rule of UTO-UCI, i.e., 
· [bookmark: _Toc767]UTO-UCI or jointly encoded UTO-UCI and HARQ ACK is multiplexed starting at the first symbol after the first DMRS symbol of the PUSCH, if UCI-MuxWithDifferentPriority is not configured.
· [bookmark: _Toc22674]UTO-UCI or jointly encoded UTO-UCI and HARQ ACK with priority 0 is multiplexed starting at the first symbol of the PUSCH, while UTO-UCI or jointly encoded UTO-UCI and HARQ ACK with priority 1 is multiplexed starting at the first symbol after the first DMRS symbol of the PUSCH, if UCI-MuxWithDifferentPriority is configured.
Conclusion
In this contribution, we have the following observations/proposals:
Observation 1: Consecutive CG PUSCHs should be configured for XR UL video service to address the stringent PDB requirement.
Observation 2: Instead of mini-slot based CG PUSCH, slot-based CG PUSCH configuration is suitable for XR video traffic.
Observation 3: The constraint of using same SLIV value may lead to inefficient resource usage and limited TDRA.
Observation 4: There is no difference on indicating explicitly the time offset by DCI or RRC signaling and indicating implicitly the time offset by slot validation.
Observation 5: For Alt-A1 and Alt-B, using single SLIV value is not reasonable because this constraint may rule out allocation of UL symbols in flexible slots in TDD configuration for CG PUSCH.
Observation 6: For Alt-C2, flexible SLIV values for different for CG PUSCH can be supported.
Observation 7: TDRA table of current CG Type 1 includes only single SLIV table.
Observation 8: A cyclic-shifted HARQ process ID pattern for each CG period is capable of achieving maximum gap among CG PUSCH occasions using the same HARQ process ID and having minimum total number of HARQ process ID associated to CG PUSCHs, if unused transmission occasions exist in CG periods.
Observation 9: Y > 1 will increase the number of configured HP ID, which is more likely to cause HARQ process ID starvation.

Proposal 1: Different SLIV values for different CG PUSCHs in one CG period should be supported for multi-PUSCHs CG.
Proposal 2: Support Alt-C2 for TDRA determination for multi-PUSCHs CG Type 2, i.e., following Rel-17 single DCI scheduling multiple PUSCHs.
Proposal 3: Support to extend the timeDomainAllocationList to multi-SLIVs table for CG Type 1.
Proposal 4: Alt-A1 and Alt-B for TDAR determination of multi-PUSCHs CG can be considered if different SLIV values for different CG PUSCHs in one CG period is supported.
Proposal 5: Support the following two options for HP ID determination of the first configured/valid CG PUSCH in one CG period for multi-PUSCHs CG:
 Option 1: X denotes the number of transmission occasions in one CG period and offset2 is determined by UCI indication for unused transmission occasions in the formula, i.e.,
 HARQ Process ID = [floor(X*CURRENT_symbol / periodicity)+offset2] modulo nrofHARQ-Processes
 HARQ Process ID = [floor(X*CURRENT_symbol / periodicity)+offset2] modulo nrofHARQ-Processes + harq-ProcID-Offset2
 Option 2: X = 1 and offset2 = 0 in the formula, i.e.,
 HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes
 HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
Proposal 6: Support offset1 = 0, since actually instant jitter value cannot be obtained.
Proposal 7: Support Y = 1 for the increasing step for the HP IDs of the remaining CG PUSCHs for HP ID determination for multi-PUSCHs CG.
Proposal 8: Support UCI information to indicate the CG PUSCH TO(s) in only one CG period.
Proposal 9: FFS UCI information indicates the CG PUSCH TO(s) in multiple CG configurations.
Proposal 10: In order to further reduce the signaling overhead of UTO-UCI, reduced signaling overhead schemes, e.g., indicating partial transmission occasions in one CG period can be considered.
Proposal 11: Reuse the sequence generation order between CG-UCI and HARQ-ACK when considering the sequence generation order between UTO-UCI and HARQ-ACK.
Proposal 12: Support the dropping rule between UTO-UCI and HARQ-ACK that dropping UTO-UCI when joint encoding is not configured.
Proposal 13: Reuse the multiplexing rule of CG-UCI for the multiplexing rule of UTO-UCI, i.e.,
 UTO-UCI or jointly encoded UTO-UCI and HARQ ACK is multiplexed starting at the first symbol after the first DMRS symbol of the PUSCH, if UCI-MuxWithDifferentPriority is not configured.
 UTO-UCI or jointly encoded UTO-UCI and HARQ ACK with priority 0 is multiplexed starting at the first symbol of the PUSCH, while UTO-UCI or jointly encoded UTO-UCI and HARQ ACK with priority 1 is multiplexed starting at the first symbol after the first DMRS symbol of the PUSCH, if UCI-MuxWithDifferentPriority is configured.
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