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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#106-e [1], several issues for TB processing over multi-slot (TBoMS) PUSCH were discussed, and following agreements were made:
	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission.
· The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
· Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1.
Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
· No further optimization to allocate resources for TBoMS in the special slot is supported.
Agreement
TBoMS is supported for both configured grant and dynamic grant.
Working Assumption
Single TBoMS structure of Option 3 is selected
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV.
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on.
Agreement
To calculate  for TBS determination, at least the scaling factor value  is supported, where  is the number of allocated slots for a single TBoMS.
· FFS: whether further values  are supported.
· FFS: details related to the indication of .
· Note: No supporting the case  for a single TBoMS.
Agreement
Repetitions of a single TBoMS are supported, where:
· The number of repetitions is denoted by , i.e., the total number of allocated slots for TBoMS repetition is .
· Note:  is no more than the max number of repetitions agreed for repetition type A enhancement in agenda 8.8.1.1.
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the  groups of  allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the  groups of  allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2.
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission.
Conclusion
Bit interleaving performed per TOT is precluded, and TOT will not be used in further discussion.
Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the  allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Conclusion
The  allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than , depending on dropping rules for TBoMS transmission.



In addition, the following agreements were made in RAN1#106-e [1] and RAN1#105-e [2] for PUSCH repetition type A enhancement:
	Agreement
Take Option 1-B as an agreement for the procedure of Rel-17 PUSCH repetitions counted on the basis of available slots.
· Alt 1-B consisting of two steps
· Step 1: Determine available slots for K repetitions based on RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI
· Step 2: The UE determines whether to drop a PUSCH repetition or not according to Rel-15/16 PUSCH dropping rules, but the PUSCH repetition is still counted in the K repetitions.
· FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)
Agreement:
· Each available slot identified by the UE is considered as a transmission occasion for PUSCH repetition.
· RV is cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.


Based on the agreements, this contribution continues to discuss the issues of single TBoMS transmission, TBoMS repetition, TDRA indication, transmission occasion, rate matching, UCI multiplexing, and power control, etc.

2. Discussion on TB processing over multi-slot PUSCH
2.1 Interaction Between Single TBoMS Transmission and TBoMS Repetition
RAN1#106-e [1] has agreed that the scaling factor  is supported at least to calculate  for TBS determination, where  denotes the number of allocated slots for a single TBoMS transmission. As shown in Fig. 1(a), the TBS is determined based on the total number of REs within all the slots allocated for a single TBoMS transmission, where .
Some companies suggest to further support , and meanwhile, redundancy versions (RVs) are cycled every  slots, where  is assumed as an integer. It means that a single TBoMS transmission is an enhancement of repetition, i.e., the TB with TBS determined by  slots is repeated every  slots, as shown in Fig. 1(b), where  and ; if , the single TBoMS transmission is the PUSCH repetition type A.

In fact, this case can be replaced by a combination of a single TBoMS transmission with  and its repetitions with repetition number , which has also been agreed in RAN1#106-e [1]. As shown in Fig. 1(c), the repetitions of a single TBoMS transmission with  and , where the RVs are cycled every repetition, are the same as a single TBoMS transmission with  and  as shown in Fig. 1(b).
Observation 1: A single TBoMS transmission with scaling factor  ( is an integer) to calculate  for TBS determination and the repetitions of a single TboMS transmission with scaling factor  and repetition number  could achieve a same result, where  is the number of allocated slots for a single TBoMS transmission.
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(a) A single TBoMS transmission with ;
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(b) A single TBoMS transmission with  and ;
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(c) Repetitions of a single TBoMS transmission with  and ;
Fig. 1 Interaction between single TBoMS transmission and TBoMS repetition.

Therefore, there are two methods to construct the TBoMS repetition as follows:
· Method 1: Repetitions of a single TBoMS transmission with scaling factor  and repetition number ;
· Method 2: A single TBoMS transmission with scaling factor , and  is an integer.
Given that method 1 has been agreed in the last meeting, there is no clear motivation to reserve method 2. Moreover, method 1 and the PUSCH repetition type A have a more similar design in logical than method 2, and the legacy mechanism can be reused to construct the TBoMS repetition with minimal modifications. For example, there are two parameters, i.e.,  and , needed to be introduced in the time domain resource allocation (TDRA) table if method 2 is applied, but only one parameter, i.e., , needed to be introduced if method 1 is applied, where the parameter  can be implicit indicated by the parameter , i.e., , and the parameter  has been existed in the existing TDRA table in Rel-15/16. And if  is not an integer for method 2, it will complicate the specification and implementation, such as the number of slots will be different within different repetitions. Consequently, method 1 is preferred.
Proposal 1: The scaling factor  to calculate  for TBS determination is not supported to construct the TBoMS repetition, where  is the number of allocated slots for a single TBoMS transmission.
Proposal 2: The scaling factor  to calculate  for TBS determination should be implicit indicated by the number of allocated slots  for a single TBoMS transmission, i.e., .

2.2 TDRA Indication
As discussed above, only a new field need to be introduced in the TDRA table to indicate the number of allocated slots  for a single TBoMS transmission. An enhanced TDRA table is thus preferred, i.e., only an additional column for the slot number  is added to the existing TDRA table in Rel-15/16. For example, as shown in Fig. 2, a new field of numberOfSlots is introduced to denote the slot number  and the existing field numberOfRepetitions denotes the repetition number  in PUSCH-Allocation.
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Fig. 2 TDRA indication.

The candidate values of slot number  could be [2, 4, 8] as a starting point, given that a larger  may have not much coverage performance gain. And the candidate values of repetition number  could reuse the existing values in Rel-15/16. In addition, the TBoMS transmission is enabled if the field numberOfSlots is configured while its value is bigger than 1; otherwise, it should be disabled.
Proposal 3: An enhanced TDRA table is preferred.
· A new field should be introduced in PUSCH-Allocation to denote the number of allocated slots  for a single TBoMS transmission, and the existing field numberOfRepetitions denotes the repetition number ;
· The candidate values of  are [2, 4, 8] as a starting point;
· The candidate values of  reuses the existing values in Rel-15/16;
· The TBoMS transmission is enabled if  is configured in PUSCH-Allocation while ; otherwise, it is disabled.

2.3 Transmission Occasion
In RAN1#106-e [1], the concept of transmission occasion for TBoMS transmission that is constituted of at least one slot or multiple consecutive physical slots for uplink transmission were precluded. So this concept is further discussed here.
From the agreements in AI 8.8.1.1 in RAN1#105-e [2] and RAN1#106-e [1], the transmission occasion for enhanced PUSCH repetition type A is defined as follows:
· Each available slot identified by UE is considered as a transmission occasion.
· The available slots are determined by RRC configuration(s) in addition to TDRA in the DCI scheduling the PUSCH, CG configuration or activation DCI.
In our understanding, reusing this concept to TBoMS transmission is a better choice. It provides a slot-based transmission occasion. It means the legacy mechanisms of power control, UCI multiplexing, and rate matching, etc., in Rel-15/16 could be reused for TBoMS transmission as much as possible, thus facilitating the design. Therefore, the proposal could be given as follows:

Proposal 4: Each available slot identified by UE is considered as a transmission occasion for TBoMS transmission, and the transmission occasion based power control, UCI multiplexing, rate matching in the current specification is reused.

2.4 Rate Matching
In RAN1#106-e [3], several issues in the rate matching for TBoMS transmission need to be addressed, such as bit interleaving, starting bit determination for bit selection, RV cycling for TBoMS repetition, etc.
2.4.1 Bit Interleaving
RAN1#106-e [1] supported that the bit interleaving performed per TOT is precluded, and then there are two options need to be further down-selected:
· Option a: Bit interleaving is performed per slot;
· Option c: Bit interleaving is performed continuously across all the allocated slots for a single TBoMS transmission.
To down-select an appropriate one, these two options are compared from different aspects about code block (CB) segmentation, retransmission, and UCI multiplexing.
· CB segmentation:
These two options are compared under two cases: a single CB and multiple CBs.
· Single CB:
· Option a is demonstrated in Fig. 3(a), where ,  denotes the coded bits selected from the circular buffer in slot , and  denotes the coded bits after bit interleaving of , . The different parts of a CB are mapped to different slots, respectively, and therefore, it could achieve the time domain diversity gain.
· Option c is demonstrated in Fig. 3(a), where ,  denotes the coded bits selected from the circular buffer across all the slots, i.e., , and  denotes the coded bits after bit interleaving of . It is obvious that option c achieves almost the same time domain diversity gain as option a.
· Multiple CBs:
· Option a is demonstrated in Fig. 3(b), where , there are four CBs during a single TBoMS transmission, , , , and  denote the coded bits selected from four circular buffers corresponding to four CBs, respectively, in the slot , and , , , and  denote the coded bits after bit interleaving of , , , and , respectively, . After CB concatenation, the different parts of each CB are mapped to different slots respectively, and therefore, it could also achieve the time domain diversity gain for each CB.
· Option c is demonstrated in Fig. 3(b), where , there are four CBs during a single TBoMS transmission, , , , and  denote the coded bits selected from four circular buffers corresponding to four CBs, respectively, across all the slots, i.e., , , , and , and , , , and  denote the coded bits after bit interleaving of , , , , respectively. After CB concatenation, four CBs are mapped to four slots respectively, and therefore, it could not achieve the time domain diversity gain for each CB.
Observation 2: Option a (bit interleaving performed per slot) and option c (bit interleaving performed continuously across all the allocated slots for a single TBoMS transmission) may have different performance:
· For a single CB during a single TBoMS transmission, option a and option c achieve almost the same time domain diversity gain.
· For multiple CBs during a single TBoMS transmission, option a could achieve more time domain diversity gain than option c.
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(a) A single CB during a single TBoMS transmission;
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(b) Multiple CBs during a single TBoMS transmission;
Fig. 3 Bit interleaving.

· Retransmission:
A code block group (CBG) based retransmission could be applied to TBoMS transmission based on the legacy mechanism of retransmission in Rel-15/16. For multiple CBs during a single TBoMS transmission, the CBG based retransmission is more efficient for option c than option a. If one slot is under a deep fading, fast fading, or other sporadic interference, only the corresponding CBG needed to be retransmitted for option c, but the entire TB might be retransmitted for option a.

· UCI multiplexing:
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK771][bookmark: OLE_LINK928][bookmark: OLE_LINK1817]In current specification, UE expects the earliest symbol  of PUCCH and PUSCH in the overlapped slot satisfies the timeline conditions for UCI multiplexing on UL-SCH. For a single TBoMS transmission,  could also be the earliest symbol of PUCCH and PUSCH in the overlapped slot if option a is applied, as shown in Fig. 4(a), but it should be modified as the earliest symbol of PUCCH and PUSCHs in all the slots if option c is applied, as shown in Fig. 4(b). This is because whether the UCI is multiplexed on the UL-SCH must be know before the number of UL-SCH bits is determined, given that the number of UL-SCH bits is determined by the number of UCI bits. For option a, the number of UL-SCH bits is determined per slot. So  could be the earliest symbol of PUCCH and PUSCH in the overlapped slot. However, the number of UL-SCH bits is determined at the first slot for option c. So  should be the earliest symbol of PUCCH and PUSCHs in all the slots. As discussed above, option c will restrict the flexibility of scheduling and bring more delay to the UCI feedback.
Observation 3: For UCI multiplexing on a single TBoMS transmission, option c (bit interleaving performed continuously across all the allocated slots for a single TBoMS transmission) significantly impacts the timing of the UCI feedback compared with option a (bit interleaving performed per slot).

Finally, the above discussions are concluded in Table I. We can obtain that:
· Option a and option c have almost the same performance for CB segmentation and retransmission for a single CB;
· Option a achieves more time domain diversity gain than option c, but option c has an efficient CBG based retransmission than option a, for multiple CBs; however, considering that CBG based retransmission is an optional capability, so option a is better;
· Option c restricts the scheduling flexibility and brings more delay to the UCI feedback than option a when UCI is multiplexed on a single TBoMS transmission.
Through the comparison, option a is a better choice.
Proposal 5: Option a (bit interleaving performed per slot) is supported for TBoMS transmission.
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(a) Using option a;
[image: ]
(b) Using option c;
Fig. 4 UCI multiplexing on a single TBoMS transmission.

Table I: Comparison on bit interleaving between option a and option c
	
	Option a
	Option c

	CB segmentation
	Single CB
	Almost the same time domain diversity gain

	
	Multiple CBs
	More time domain diversity gain
	Less time domain diversity gain

	Retransmission
	Single CB
	TB based retransmission

	
	Multiple CBs
	Inefficient CBG based retransmission
	Efficient CBG based retransmission

	UCI multiplexing
	Do not restrict scheduling flexibility
	Restrict scheduling flexibility
More delay to the UCI feedback



2.4.2 Starting Bit Determination
In RAN1#106-e [2], the WA proposes that the TB is transmitted on multiple slots using a single RV for a single TBoMS transmission. And according to the above discussion, the bit interleaving is performed per slot. It means the coded bits selected from the circular buffer in a slot should follow the ones in the previous slot. It thus ensures that all the systematic bits can be completely carried because the actual coding rate must be less than 1.
However, this method will lead to a complex addressing process of bit selection. For example, the number of coded bits is defined as  for BG1, and then, the maximum addressing range is 1 to 25344 with the maximum LDPC lifting size . Compared with the addressing range of RVs, i.e., RV0 to RV3, it will greatly complicate the bit selection from a perspective of implementation. To solve this issue, a simple method is to define the index of starting bit in bit selection as integer times of . The addressing range can thus be shorten as 1 to 66 for any  values.
Furthermore, the index of the starting bit for each RV is also defined as the integer times of  in Rel-15/16. This is because the coded bits started from any integer times of  can be partially generated in once LDPC coding to facilitate the LDPC coding, and meanwhile, the coded bits started from any integer times of  can be decoded in parallel to facilitate the LDPC decoding [4]. It should thus be followed.
Observation 4: Defining the index of starting bit in bit selection for each slot as integer times of  could facilitate the addressing process of bit selection, LDPC coding, and LDPC decoding, from a perspective of implementation.

Therefore, the single RV in the WA should be modified. The index of the starting bit in bit selection in the allocated slot  within a single TBoMS transmission is given by  as follows:

where  denotes the index of ending bit in bit selection in the allocated slot , ,  denotes the length of coded bits in circular buffer,  denotes the number of allocated slots for a single TBoMS transmission, and  is associated with a RV. As shown in Fig. 5, the first uplink slot is associated with RV0, and for others the coded bits are started from , . The coded bits are partially overlapped between two adjacent uplink slots, because the index of starting bit in bit selection for each allocated slot is defined as the integer times of .
Proposal 6: Within a single TBoMS transmission, the index of starting bit in bit selection for each allocated slot is defined as the integer times of LDPC lifting size .

[image: ]
Fig. 5 RV determination.

2.4.3 RV Cycling for TBoMS Repetition
For repetitions of a single TBoMS transmission, the existing mechanism of RV cycling should be applied with appropriate modifications. Referring to the enhanced PUSCH repetition type A, the mechanism of RV cycling is given as follows in terms of the agreement in AI 8.8.1.1 in RAN1#105-e [2]:
· The RVs are cycled across transmission occasions, irrespective of whether PUSCH transmission in the transmission occasion is further omitted or not.
But for the repetitions of a single TBoMS transmission, the RVs should be cycled across the repetitions but not the transmission occasions. It is discussed under two cases: dynamic grant and configured grant.
1. Dynamic grant:
The UE shall repeat the TB across  repetitions where each repetitions consists of  allocated slots. The RV to be applied to -th allocated slot of the TB, where , is determined according to Table II.

Table II: RV for TBoMS transmission
	rvid indicated by the DCI scheduling the PUSCH
	rvid to be applied to nth allocated slot, 

	
	n/N mod 4 = 0
	n/N mod 4 = 1
	n/N mod 4 = 2
	n/N mod 4 = 3

	0
	0
	2
	3
	1

	2
	2
	3
	1
	0

	3
	3
	1
	0
	2

	1
	1
	0
	2
	3



2. Configured grant:
If the parameter repK-RV is not provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, the RV shall be set to 0 for each repetition of a single TBoMS transmission. If the parameter repK-RV is provided in the configuredGrantConfig and cg-RetransmissionTimer is not provided, for the nth allocated slot among  allocated slots, , it is associated with th value in the configured RV sequence. If a configured grant configuration is configured with startingFromRV0 set to 'off', the initial transmission of a TB may only start at the first allocated slot of  allocated slots. Otherwise, the initial transmission of a TB may start at
· the first allocated slot of  allocated slots if the configured RV sequence is {0,2,3,1},
· any of the allocated slots of  allocated slots that are associated with RV = 0 if the configured RV sequence is {0,3,0,3},
· any of the allocated slots of the  allocated slots that are associated with RV = 0 if the configured RV sequence is {0,0,0,0}.

[image: ]
Fig. 6 RV determination.

It is obvious that, regardless of dynamic grant and configured grant, only the first allocated slot in a repetition of a single TBoMS is associated with a RV. For example, the repetition of a single TBoMS transmission with  and  is shown in Fig. 6, where the RVs are cycled across four repetitions and only the first allocated slot is associated with the RV.
Proposal 7: RVs are cycled across  repetitions of a single TBoMS transmission, i.e.,  groups of  allocated slots for each single TBoMS transmission.
· Only the first allocated slot in a repetition is associated with a RV.

2.4.4 Other Issues
In addition, some issues need to be addressed here if the rate matching is performed per slot. Considering the bit selection given in Rel-15/16, the output sequence length of the r-th CB, denoted as , is determined as

or

where  is the number of transmission layers that a TB is mapped onto,  is the modulation order,  is the number of scheduled CBs of a TB, and  denotes the total number of coded bits available for transmission of a TB. It is obvious that, the legacy definition of parameter  should be modified as the total number of coded bits available for transmission of a TB in one slot, to avoid the length of coded bits for UL-SCH after CB concatenation exceeds the available REs in one slot.

[image: ]
Fig. 7 Misalignment on the coded bits of UL-SCH between a gNB and a UE. (a) Desired rate matching; (b) Actual rate matching; (c) Desired rate matching with redefined .

Another issue is the misalignment on the coded bits of UL-SCH between gNB and UE after a slot in which the gNB desires a UCI multiplexing on the UL-SCH but the UE misses DCIs indicating to report the UCI [5]. For example, a gNB desires a UCI multiplexing on a UL-SCH of a single TBoMS transmission with  in the second uplink slot. The desired rate matching of a CB for the UL-SCH is demonstrated in Fig. 7(a), where the output sequence length after rate matching in the second uplink slot is less than others. This is because the value of  precludes the number of coded bits of UCI if UCI is multiplexed on UL-SCH, based on the definition of  given above. If the UE misses DCIs indicating to report the UCI, the actual rate matching of a CB for the UL-SCH could be obtained as shown in Fig. 7(b), where the output sequence length after rate matching in each uplink slot is the same. And therefore, the gNB and the UE are in misalignment on the coded bits of UL-SCH after the second uplink slot.
To solve this issue, a simple method is to further redefine the parameter  as the total number of coded bits available for transmission of a TB with UCI in one slot. Using this definition, the output sequence length after rate matching in each slot is the same, even if there is a UCI multiplexing on UL-SCH in a slot. As shown in Fig. 7(c), there will be a gap occurred in the second uplink slot for the desired rate matching of a CB for UL-SCH. It thus achieves an alignment on the coded bits of UL-SCH transmitted after the second uplink slot between the gNB and the UE compared with Fig. 7(b).
Proposal 8: For TBoMS transmission, the parameter  used in the bit selection should be redefined as the total number of coded bits available for transmission of a TB and UCI in one slot.

2.5 UCI Multiplexing
As discussed above, an available slot is considered as a transmission occasion for TBoMS transmission and the rate matching is performed per slot. The UCI multiplexing can thus reuse the existing mechanism in Rel-15/16 with only a minor modification.
Taking HARQ-ACK as an example, the number of coded modulation symbols per layer is determined in Rel-15/16 as follows:

where  denotes the number of UL-SCH bits,  denotes the number of HARQ-ACK bits with CRC,  is used to compensate the coding rate of HARQ-ACK, ,  is configured by RRC, and  denotes the total number of REs that can be used for transmission of UCI in a slot. For TBoMS transmission,  denotes the number of UL-SCH bits for an entire TB with TBS scaled by , where  is the scaling factor to calculate  for TBS determination, but  still denotes the number of REs in one slot. It thus causes a  times higher actual coding rate of UCI than desired one, and reduces the reliability of UCI transmission.
To resolve this issue,  should be redefined as  to compensate the coding rate. For CSI part 1, CSI part 2, CG-UCI, and joint encoding of CG-UC and HARQ-ACK, a similar method can be used.
Proposal 9: For UCI multiplexing on TBoMS transmission, the parameter  should be redefined to compensate the coding rate as follows:
·  for HARQ-ACK;
·  for CSI part 1;
·  for CSI part 2;
·  for CG-UCI;
·  for HARQ-ACK and CG-UCI.
where  is the scaling factor to calculate  for TBS determination, and the parameters , , , and  are the coding rate compensation parameters for HARQ-ACK (or HARQ-ACK and CG-UCI), CSI part 1, CSI part 2, and CG-UCI, respectively, configured in RRC.

2.6 Power Control
The power control could also reuse the existing mechanism in Rel-15/16 with only a minor modification, given that an available slot is considered as a transmission occasion for TBoMS transmission and the rate matching is performed per slot. The modification is the calculation of parameter BPRE (bits per resource element) within the equation of power control, which is defined in Rel-15/16 as follows:

where  is a number of transmitted CBs,  is a size for CB , and  is a number of REs for a slot. For TBoMS transmission,  is the number of UL-SCH bits for an entire TB with TBS scaled by , where  is the scaling factor to calculate  for TBS determination, but  is still a number of REs in one slot. It thus causes a  times higher BPRE, which will result in an inaccurate power control.
To solve this issue, BPRE should be divided by  to compensate the power control error caused by the large TB scaled by  for TBoMS transmission, i.e.,

Proposal 10: For power control of TBoMS transmission,  should be divided by the scaling factor  to compensate the power control error caused by the large TB scaled by , i.e.,
· 
where  is a number of transmitted CBs,  is a size for CB , and  is a number of REs in one slot.

2.7 Maximum Supported TBS
In RAN1#104-e, it was agreed the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16 for the same number of layers for TBoMS. In RAN1#105-e and RAN1#106-e meeting, it was agreed to use both the number of  symbols and the scaling factor value  to calculate  for TBoMS. Considering the scaling factor value , the value of  can be larger than the maximum value of  in Rel-15/16, which implies larger maximum supported TBS than in Rel-15/16.
In current specification, the data rate constraint conditions is written in Clause 6.1.4 of [6]. For a j-th serving cell, the UE is not required to handle PUSCH transmissions if the following condition is not satisfied:

where  represents the scheduled bits for the m-th TB of the j-th serving cell,  represents the time duration of one symbol, and  is the number of symbols assigned to the PUSCH. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The data rate constraint is used for retransmission, initial transmission for ProcessingType2 UE, and initial transmission for PUSCH repetition type B in Rel-16. For initial transmission for TBoMS PUSCH, the data rate constraint can also be applied to add the upper bound for maximum supported TBS to align with the agreement of RAN1#104-e, where  still represents the scheduled bits for the m-th TB over multi-slot and L represents the number of symbols assigned to the PUSCH within a slot.
Proposal 11: Apply the following data rate constraint in Clause 6.1.4 of TS 38.214 for the initial transmission of TBoMS PUSCH,

where  still represents the scheduled bits for the m-th TB over multi-slot and  represents the number of symbols assigned to the PUSCH within a slot.

3. Conclusions
In this contribution, we provide our views on possible specification impact on TB over multi-slot PUSCH with following proposals:
Observation 1: A single TBoMS transmission with scaling factor  ( is an integer) to calculate  for TBS determination and the repetitions of a single TboMS transmission with scaling factor  and repetition number  could achieve a same result, where  is the number of allocated slots for a single TBoMS transmission.
Observation 2: Option a (bit interleaving performed per slot) and option c (bit interleaving performed continuously across all the allocated slots for a single TBoMS transmission) may have different performance:
· For a single CB during a single TBoMS transmission, option a and option c achieve almost the same time domain diversity gain.
· For multiple CBs during a single TBoMS transmission, option a could achieve more time domain diversity gain than option c.

Observation 3: For UCI multiplexing on a single TBoMS transmission, option c (bit interleaving performed continuously across all the allocated slots for a single TBoMS transmission) significantly impacts the timing of the UCI feedback compared with option a (bit interleaving performed per slot).
Observation 4: Defining the index of starting bit in bit selection for each slot as integer times of  could facilitate the addressing process of bit selection, LDPC coding, and LDPC decoding, from a perspective of implementation.

Proposal 1: The scaling factor  to calculate  for TBS determination is not supported to construct the TBoMS repetition, where  is the number of allocated slots for a single TBoMS transmission.
Proposal 2: The scaling factor  to calculate  for TBS determination should be implicit indicated by the number of allocated slots  for a single TBoMS transmission, i.e., .
Proposal 3: An enhanced TDRA table is preferred.
· A new field should be introduced in PUSCH-Allocation to denote the number of allocated slots  for a single TBoMS transmission, and the existing field numberOfRepetitions denotes the repetition number ;
· The candidate values of  are [2, 4, 8] as a starting point;
· The candidate values of  reuses the existing values in Rel-15/16;
· The TBoMS transmission is enabled if  is configured in PUSCH-Allocation while ; otherwise, it is disabled.
Proposal 4: Each available slot identified by UE is considered as a transmission occasion for TBoMS transmission, and the transmission occasion based power control, UCI multiplexing, rate matching in the current specification is reused.
Proposal 5: Option a (bit interleaving performed per slot) is supported for TBoMS transmission.
Proposal 6: Within a single TBoMS transmission, the index of starting bit in bit selection for each allocated slot is defined as the integer times of LDPC lifting size .
Proposal 7: RVs are cycled across  repetitions of a single TBoMS transmission, i.e.,  groups of  allocated slots for each single TBoMS transmission.
· Only the first allocated slot in a repetition is associated with a RV.

Proposal 8: For TBoMS transmission, the parameter  used in the bit selection should be redefined as the total number of coded bits available for transmission of a TB and UCI in one slot.
Proposal 9: For UCI multiplexing on TBoMS transmission, the parameter  should be redefined to compensate the coding rate as follows:
·  for HARQ-ACK;
·  for CSI part 1;
·  for CSI part 2;
·  for CG-UCI;
·  for HARQ-ACK and CG-UCI.
where  is the scaling factor to calculate  for TBS determination, and the parameters , , , and  are the coding rate compensation parameters for HARQ-ACK (or HARQ-ACK and CG-UCI), CSI part 1, CSI part 2, and CG-UCI, respectively, configured in RRC.

Proposal 10: For power control of TBoMS transmission,  should be divided by the scaling factor  to compensate the power control error caused by the large TB scaled by , i.e.,
· 
where  is a number of transmitted CBs,  is a size for CB , and  is a number of REs in one slot.
Proposal 11: Apply the following data rate constraint in Clause 6.1.4 of TS 38.214 for the initial transmission of TBoMS PUSCH,

where  still represents the scheduled bits for the m-th TB over multi-slot and  represents the number of symbols assigned to the PUSCH within a slot.
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