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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105-e [1], several issues for TB processing over multi-slot (TBoMS) PUSCH were discussed, and following agreements were made:
	Agreement:
The following 2 options for time domain resource determination for TBoMS are considered for down-selection during RAN1 #105-e:
· Option 1: Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA.
· Option 2: Time domain resource determination for TBoMS can be performed via PUSCH repetition Type A like TDRA or via PUSCH repetition Type B like TDRA.
· The use of PUSCH repetition Type B like TDRA for time domain resource determination is according to an additional UE capability for a TBoMS capable UE.
· FFS DMRS pattern for PUSCH repetition Type B like TDRA.
Agreement:
Time domain resource determination for TBoMS can be performed only via PUSCH repetition Type A like TDRA.
· FFS: details.
· FFS: whether or not optimizations for time domain resource determination are necessary for allocating resource in the S slots (for the unpaired spectrum case).
Working assumption
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA table, configured via RRC.
· FFS: details.
Agreement:
The following approach is used to calculate NInfo for TBoMS:
· Approach 2: Based on the number of REs determined in the first L symbols over which the TBoMS transmission is allocated, scaled by K≥1.
· FFS: the definition of K.
· L is the number of symbols determined using the SLIV of PUSCH indicated via TDRA.
· FFS: impacts and further details if repetitions of TBoMS is supported.
· FFS: whether the symbols over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed, and details on how to handle such scenarios.
Working assumption:  Agreement:
For TBS determination of TBoMS:
· NohPRB is configured by xOverhead and represents the overhead per slot.
· NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated.
Note: xOverhead configuration is as per Rel-15/16.
Working assumption
A transmission occasion for TBoMS (TOT) is constituted of at least one slot or multiple consecutive physical slots for UL transmission
· FFS: whether the concept of TOT will be used for designing aspects related to signal generation, e.g., rate-matching, power control, etc.
· FFS: whether such concept will be specified or not.
Agreement:
· The structure of TBoMS will be according to only one of these two options (to be down-selected in RAN1#106-e)
· Option 3, if a design based on single RV is adopted.
· Option 4, if a design based on different RVs is adopted.
· FFS: other details, e.g., rate-matching, TBS determination, collision handling, etc.
· The single RV is not constrained to have only the same coded bits in each slot or in each TOT.
· The concept of TOT as per the corresponding Working assumption is used to define Option 3 and Option 4 and may or may not be used to design other details, e.g., rate-matching, TBS determination, collision handling and so on.
Agreement:
The following three options for rate-matching for TBoMS are considered for down-selection during RAN1 #106-e, where only one option will be selected:
· Option a: Rate-matching is performed per slot;
· Option b: Rate matching is performed continuously across all the allocated slot(s) per TOT;
· Option c: Rate matching is performed continuously across all the allocated slots/TOTs for TBoMS.
Note: “rate-matching is performed per X” means that the time unit for the bit selection and bit interleaving is X.
Note2: the above 3 options imply that the UL resource in the time unit may or may not be consecutive (depending on the given option).


In RAN1#105-e [2], time domain resource allocation (TDRA) for TBoMS performed only via PUSCH repetition type A like TDRA has been agreed. The details and whether to optimize the TDRA for special slots for unpaired spectrum case need to be further discussed. The transmission occasion of TBoMS (TOT) constituted of at least one slot or multiple consecutive physical slots for UL transmission has also been agreed in RAN1#105-e [2], but how to design rate matching (RM), redundancy version (RV), collision handling, power control, TBS determination, etc., using the concept of TOT should be further studied. These issues are addressed in this contribution.

2. Discussion
2.1 Time domain resource allocation
In this section, whether or not to utilize special slots for TBoMS is discussed firstly, and the details of PUSCH repetition type A like TDRA indication are then studied.
2.1.1 Discussion on special slots
In RAN1#105-e meeting, the following working assumption was made, and the corresponding motivation is to further improve uplink coverage by fully using the uplink symbols in special slots. 
	Working assumption
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.


By comparing the time domain resource allocations in Fig. 1(b) with that in Fig. 1(a), it can be observed that the available time domain resources for uplink transmission increase by 14% when the uplink symbols in the special slot are used. The increment of available uplink time domain resources will directly lead to a significant improvement for uplink coverage.
Observation 1: The time domain resource allocated for TBoMS transmission will increase by 14% in some cases by utilizing uplink symbols in special slots.
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(a) Legacy PUSCH repetition type A TDRA without special slots
[image: ]
(b) Enhanced PUSCH repetition type A like TDRA with special slots
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(c) Legacy PUSCH repetition type A TDRA with special slots
Fig. 1 TDRA for special slots for TBoMS

During the discussion in RAN1#105-e, some companies concern that only a slight coverage enhancement may be achieved by using special slots for TBoMS, because special slots are usually used to transmit SRS in current NR network deployment. In fact, SRS may not be transmitted on every special slot. For example, the periodicity of the periodic or semi-persistent SRS is 20 slots or more as shown in Fig. 2(a) with frame structure DDSUU. In this case, the special slots among the periodicity of SRS can thus be scheduled for TBoMS transmission, i.e., there are three special slots can be allocated for TBoMS transmission in Fig. 2(a). Even in special slots that SRS is configured or triggered, it may not always occupy the whole bandwidth part. For coverage limited UEs, the network is more likely to schedule a small number of PRBs for UL transmission to improve the channel estimation performance. In this case, the TBoMS transmission can be easily scheduled on the PRBs on which SRS are not allocated. As shown in Fig. 2(b), SRS is transmitted only on the PRBs near the channel bandwidth centre in a special slot, and then, TBoMS can be transmitted on the other PRBs in this special slot. And this consideration can also avoid the SRS resources of other users. In addition, after the partial SRS is completed in Rel-17, the time domain resources that used for SRS transmission will be further reduced.
Observation 2: The TBoMS transmission can be easily scheduled on the PRBs on which SRS are not allocated in special slots.

In addition, according to the agreement on TDRA for TBoMS in [2], only PUSCH repetition type A like TDRA is used for TBoMS. It is noted that legacy PUSCH repetition type A TDRA restricts the same time domain resource allocation for all the scheduled slots. If such restriction is also applied for TBoMS, the benefit of using uplink symbols in special slots can hardly be obtained. An example is shown in Fig. 1(c), only the last four symbols in special slots and uplink slots can be allocated for TBoMS transmission. Such scheduling will result in 57% time domain resources decrease compared with Fig. 1(a).
Observation 3: Time domain resources allocated for TBoMS transmission are reduced when special slots are scheduled if legacy PUSCH repetition type A TDRA that the same time domain resources are allocated in each slot is used.
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(a) There is no SRS allocated on special slots during TBoMS transmission
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(b) TBoMS transmission is scheduled on the PRBs on which SRS are not allocated
Fig. 2 Use cases for special slots for TBoMS.

To solve this issue, the PUSCH repetition type A like TDRA should include some enhancement when special slots are used for TBoMS. At least, there are two principles should be followed: the first one is the time domain resources in special slots and uplink slots can be different, and the second one is the time domain resources in each special slot should be the same. These two principles can simplify the design and effectively utilize special slots for TBoMS.
Proposal 1: Support different time domain resource allocations between special slots and uplink slots for TBoMS to fully use the available uplink symbols in special slots.

2.1.2 TDRA indication
As discussed above, the time domain resources in special slots and uplink slots can be different and the time domain resources in each special slot should be the same. According to these principles, an additional SLIV (and/or start symbol (S) and length (L)) field only used for special slots can be introduced in the RRC configured TDRA table. And using both of the original SLIV for uplink slots and the additional SLIV for special slots, UE can realize the time domain resource allocation for uplink slots and special slots.
Taking Fig. 1(b) as an example, the original SLIV indicates all the symbols in a slot and the additional SLIV indicates the last 4 symbols in a slot. The symbols in the first two slots indicated by the original SLIV and additional SLIV are downlink symbols and cannot be allocated for TBoMS transmission. The symbols in the third slot indicated by the additional SLIV are not downlink symbols and can thus be allocated for TBoMS transmission. And the symbols in the last slot indicated by the original SLIV are not downlink symbols and can also be allocated for TBoMS transmission.
In addition, considering that time domain resources in special slots cannot be allocated on the start of a slot, the PUSCH mapping type for special slots can only be PUCCH mapping type B.
Proposal 2: Introduce an additional SLIV field in RRC configured TDRA table to indicate time domain resource allocation for special slots for TBoMS.

The last issue to be addressed here is how to indicate the number of slots allocated for TBoMS transmission. In RAN1#105-e [2], the number of slots is determined by using a row index of RRC configured TDRA table. Some companies propose to reuse the field of repetition number in the TDRA table to indicate the number of slots. However, if the repetition of TBoMS is supported, this field should also indicate the repetition number of TBoMS. It thus causes a confusion between the number of slots allocated for TBoMS and the repetition number of TBoMS. To solve this issue, a better method is to introduce a new field in the TDRA table to indicate the number of slots allocated for one TBoMS transmission.
On the other hand, the number of slots should denote the number of available slots allocated for TBoMS transmission but not the physical slots according to the discussion of enhancements on repetition type A in [3], which can derive an accurate and desired number of aggregated slots for TBoMS. For example, the frame structure is DDSUU, the number of slots indicated by the corresponding field in the TDRA table is 4 slots, and k2 denotes the first downlink slot, and then, the first four uplink slots are allocated for TBoMS transmission if special slots are not allocated for TBoMS transmission, as shown in Fig. 3(a), and the first two special slots and first two uplink slots are allocated for TBoMS transmission if special slots are allocated for TBoMS transmission, as shown in Fig. 3(b).
Proposal 3: If repetition of TBoMS is supported, existing repetition number field in RRC configured TDRA table should indicate the repetition number of TBoMS, and a new field should be introduced in RRC configured TDRA table to indicate the number of available slots allocated for one TBoMS transmission.
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(a)                                  (b)
Fig. 3 Indication of number of available slots for TBoMS; (a) special slots are not allocated for TBoMS transmission; (b) special slots are allocated for TBoMS transmission.

2.2 TBS determination
RAN1#105-e [2] has agreed that  for TBoMS can be calculated based on the number of REs determined in the first  symbols over which the TBoMS transmission is allocated, scaled by , where  is the number of symbols determined using the SLIV of PUSCH indicated via TDRA. This agreement is based on that the number of symbols in each slot allocated for TBoMS transmission is the same. But if special slots are used for TBoMS, the one in each slot can be different. Hence, the definition of parameter  should be discussed from these two aspects, respectively.
If the number of symbols in each slot allocated for TBoMS transmission is the same, i.e.,  symbols, the parameter  should be defined as the number of available slots allocated for TBoMS transmission. Taking Fig. 3(a) as an example, there are four available uplink slots, and then, .
Proposal 4: If the number of symbols in each slot allocated for TBoMS transmission is the same, K should be defined as the number of available slots allocated for TBoMS transmission.

If the number of symbols in an uplink slot allocated for TBoMS transmission and the one in a special slot allocated for TBoMS transmission are different, the parameter  cannot be defined as above. To solve this issue, it can be defined as the ratio of the number of all the symbols allocated for TBoMS transmission excluding DMRS symbols and the one in an uplink slot allocated for TBoMS transmission excluding DMRS symbols, i.e.,

where  is the total number of available uplink slots allocated for TBoMS transmission,  is the total number of available special slots allocated for TBoMS transmission,  is the number of symbols in an uplink slot indicated by the original SLIV,  is the number of symbols in a special slot indicated by the additional SLIV,  is the number of DMRS symbols in an uplink slot, and  is the number of DMRS symbols in a special slot. For example, as shown in Fig. 3(b), there are 2 available uplink slots and 2 available special slots, only one DMRS symbol in each slot, , and  = 4, and then, .
Proposal 5: If the number of symbols in an uplink slot allocated for TBoMS transmission and the one in a special slot allocated for TBoMS transmission are different, K can be defined as the ratio of the number of all the symbols allocated for TBoMS transmission excluding DMRS symbols and the one in an uplink slot allocated for TBoMS transmission excluding DMRS symbols.

2.3 TBoMS structure
In this section, the design of RM and RV for TBoMS, repetition of TBoMS, power control, and UCI multiplexing are discussed.
2.3.1 Redundancy version
In terms of the agreements from RAN1#105-e [2], there are two options for the design of RV that should be down-selected:
· Option 3: The TB is transmitted on the multiple TOTs using a single RV;
· Option 4: The TB is transmitted on the multiple TOTs using different RVs.
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(a) Single RV
[image: ]
(b) Multiple RVs
Fig. 4 RV design.

These two options are shown in Fig. 4(a) and Fig. 4(b), respectively, where the frame structure is DDDSU and the RV index is refreshed per slot and cycled in a sequence of {0, 2, 3, 1} in Fig. 4(b). As discussed in [4], the main issue in option 4 is that the systematic bits may not be completely carried by TBoMS if equivalent coding rate is larger than one, i.e., , where R denotes ideal coding rate, K denotes the number of available slots allocated for a single TBoMS transmission, and  is the equivalent coding rate. This issue can be resolved by option 3 in nature. In Fig. 4(a), the coded bits are continuously read from the start position RV0 in a circular buffer and the systematic bits must be completely carried by TBoMS because the ideal coding rate must be less than one, i.e., . Hence, option 3 is supported.
Proposal 6: The TB is transmitted on the multiple TOTs using a single RV.
2.3.2 Rate matching
In terms of the agreements from RAN1#105-e [2], there are three options for the design of RM that should be down-selected:
· Option a: RM is performed per slot;
· Option b: RM is performed continuously across all the allocated slot(s) per TOT;
· Option c: RM is performed continuously across all the allocated slots/TOTs for TBoMS.
The design of RM is significant for the design of the structure of TBoMS, because it will impact on many aspects of implementation and specification, such as circular buffer management, bit interleaving, UCI multiplexing, power control, etc. These three options are compared here to find an appropriate one for the design of TBoMS structure under the condition that the single RV proposed above is used.
1. Circular buffer management:
a) Option a: The start positions  of bit selection in circular buffer should be recorded per slot, as shown in Fig. 5(a), where .
b) Option b: The start positions  of bit selection in circular buffer should be recorded per TOT, as shown in Fig. 5(b), where .
c) Option c: No start positions need to be recorded, as shown in Fig. 5(c).
2. Bit interleaving:
a) Option a: The coded bits mapped to REs within each slot are interleaved separately and can thus be de-interleaved and decoded per slot. It derives a short decoding delay, but the systematic bits cannot be completely carried on the first slot.
b) Option b: The coded bits mapped to REs within each TOT are interleaved separately and can thus be de-interleaved and decoded per TOT. The systematic bits can be completely carried on the first TOT with a higher probability than option a, meanwhile only a slight increase in decoding delay is obtained.
c) Option c: The coded bits mapped to REs within entire TBoMS transmission are interleaved and can only be de-interleaved and decoded after receiving the entire TBoMS transmission. It thus has the longest decoding delay among the three options.
3. UCI multiplexing:
a) Option a: The UCI is multiplexed on a slot. It derives a low UCI feedback delay, but the UCI feedback performance will be lost dramatically because the payload of UCI should be limited to be carried on one slot, where only a few of PRBs can be used for TBoMS.
b) Option b: The UCI is multiplexed on a TOT. It has a better UCI feedback performance with only a slight increase in UCI feedback delay than option a, because the payload of UCI is sufficient to be carried on multiple slots in a TOT. In addition, PUCCH overlapping can be easily resolved prior to the start of TOT, if the length of TOT is limited.
c) Option c: The UCI is multiplexed on all the slots within entire TBoMS transmission. Although the payload of UCI can be carried, it has a long UCI feedback delay that will impact on the time validity of UCI, because the UCI can only be de-interleaved and decoded after receiving the entire TBoMS transmission. Meanwhile, PUCCH overlapping is hard to be resolved prior to the start of TBoMS considering the long duration of a TBoMS transmission.
4. Power control:
a) Option a: The definition of  in power control should be modified. The transmission power can be adjusted per slot; it provides more flexibility.
b) Option b: The definition of  in power control should be modified. The transmission power can be adjusted per TOT; it facilities the joint channel estimation performed per TOT.
c) Option c: Existing mechanisms can be reused, but it has a sluggish power control.
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(a) RM is performed per slot
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(b) RM is performed per TOT
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(c) RM is performed per TBoMS
Fig. 5 RM design.

Table I Comparison of three options for RM
	
	Option a
	Option b
	Option c

	Circular buffer management
	Start positions should be recorded
	Start positions should be recorded
	No start positions need to be recorded

	Bit interleaving
	Performed per slot
	Performed per TOT
	Performed per TB

	
	Mapped to a slot
	Mapped to a TOT
	Mapped to a TBoMS

	
	Short decoding delay
	Medium decoding delay
	Long decoding delay

	UCI multiplexing
	UCI is carried on a slot
	UCI is carried on a TOT
	UCI is carried on a TBoMS

	
	Low UCI feedback performance
	High UCI feedback performance
	High UCI feedback performance

	
	Short UCI feedback delay
	Medium UCI feedback delay
	Long UCI feedback delay

	
	PUCCH overlapping can be resolved using existing mechanisms
	PUCCH overlapping is easy to be resolved prior to the start of TOT
	PUCCH overlapping is hard to be resolved prior to the start of TBoMS

	Power control
	Definition of  should be modified
	Definition of  should be modified
	Existing mechanisms

	
	Flexible power control
	Facilitate JCE per TOT
	Sluggish power control



The comparisons are concluded in Table I. Option a is the simplest method, but it limits the performance, such as the worse UCI feedback performance. Conversely, option c has the best performance, but it has a long UCI feedback delay, a long decoding delay, and a sluggish power control. Option b is a compromise between option a and option c. It has better UCI feedback performance than option a and shorter UCI delay and decoding delay than option c. In addition, option b facilitates joint channel estimation performed per TOT; it can further improve the coverage performance. As discussed above, option b is thus preferred.
In addition, the start position in each RV is defined as the times of the LDPC lifting size  in current spec. This is because the coded bits with the length need to be selected in the RM from the start position of any times of  can be partially generated in once LDPC coding but not selected from this start position among all the coded bits completely generated in once LDPC coding; and therefore, it can facilitate the LDPC coding from a perspective of implementation. For the same reason, option b can be modified as that the start position of bit selection is defined as the times of  to further reduce the implementation complexity, i.e., the start position of bit selection in the circular buffer on TOT  is given by  as follows

where  denotes the end position of bit selection in the circular buffer on TOT , ,  denotes the length of coded bits in the circular buffer, and  denotes the TOT number, . As shown in Fig. 6, the coded bits are read from the start position  in the circular buffer and interleaved per TOT.
Proposal 7: RM is performed per TOT, where the start position of bit selection in the circular buffer on TOT  is defined as

where  denotes the end position of bit selection in the circular buffer on TOT , ,  denotes the length of coded bits in the circular buffer,  is the LDPC lifting size, and  denotes the TOT number, .
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Fig. 6 Final RM design.

2.3.3 Repetition of TBoMS
From RAN#105-e [2], many companies prefer supporting repetitions of TBoMS. However, considering that the technical need of repetitions of TBoMS depends on how TBoMS feature is finally designed, there was no agreement that was reached on. In this contribution, the TBoMS feature has been designed as shown in Fig. 6 in terms of above discussions. The repetition of TBoMS can then be designed based on this TBoMS feature. The repetition of TBoMS is then designed as shown in Fig. 7 with frame structure DDSUU, where one TBoMS repetition includes two TOTs over which the TBS is determined, the start position of bit selection in the circular buffer on the first TOT for each repetition is denoted by RV index, and the RV index is cycled for each repetition in a sequence of {0, 2, 3, 1} that can be configured.
Proposal 8: The start position of bit selection in the circular buffer on the first TOT for each repetition is denoted by RV index and the RV index is cycled for each repetition in a configured sequence.


[image: ]
Fig. 7 Repetitions of TBoMS.

2.3.4 Power control
In Rel-15/16, the UE determines the PUSCH transmission power[image: ] in PUSCH transmission occasion  as
[image: ] [dBm]
Considering that the RM for TBoMS is performed per TOT proposed above, the power control should also be performed per TOT because the parameter  is determined by the number of REs within multiple slots during a RM, i.e., the total number of REs in one TOT. Therefore, the proposal can be given as follows:
Proposal 9: The transmission power determination of TBoMS should be based on the TOT.

2.3.5 UCI multiplexing
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK771][bookmark: OLE_LINK928][bookmark: OLE_LINK1817]For PUSCH transmission, there would be chances of overlapping with PUCCH. In current specification, when a single-slot PUCCH and PUSCH transmissions of same priority indexes overlap with each other, the UCI carried on the PUCCH is multiplexed on the PUSCH in the overlapped slot and the transmission of PUCCH is cancelled. Besides, UE expects the earliest symbol  of the PUCCH and PUSCH in the overlapped slot, satisfies the timeline conditions.
[bookmark: OLE_LINK1818][bookmark: OLE_LINK1819]In terms of TBoMS handling collision with PUCCH of same priority, one simple approach is reusing the per-slot UCI multiplexing mechanism. However, if a TOT spans multiple consecutive slots with above RM mechanism, per-slot UCI multiplexing mechanism may face some challenges. For example, as shown in Fig. 8, the frame structure is DDSUU, and PUCCH overlaps with TBoMS in the first U slot of the TOT. Since UE prepares the UL-SCH data for the whole TOT with above RM performed per TOT, multiplexing UCI in the first U slot would impact the UL-SCH transmission in both S slot and the second U slot, which is different from current scenario of PUSCH repetition Type A or Type B. Other than that, based on the definition in current specification,  is determined as the first symbol of the first U slot, which may cause that UE does not have enough time to prepare the multiplexed bits for transmission on the whole TOT.

[image: ]
Fig. 8 Per-slot UCI multiplexing mechanism for TBoMS.
[bookmark: OLE_LINK1822][bookmark: OLE_LINK1823][bookmark: OLE_LINK1828]Therefore, the UCI is supposed to be multiplexed per TOT on TBoMS. More specifically, if PUCCH overlaps with TBoMS in one TOT,  for timeline conditions can be defined as the first symbol of the PUCCH and the TOT, and UCI can be multiplexed from the first slot of TOT. Moreover, per-TOT UCI multiplexing may lead to the scenario that multiple non-overlapped PUCCHs, overlap with TBoMS in one TOT, as demonstrated in Fig. 9(a). In this case, the UCI of same type can be coded jointly, i.e. the number of UCI bits with same type in these PUCCHs is added when calculating the number of coded modulation symbols in Clause 6.3.2.4 of [5]. In addition,  is indicated as the total number of OFDM symbols of the TOT, which means the UCI can be multiplexed across the slots of the TOT. An example is given in Fig. 9(b), in which the UCI carried on the two PUCCHs is multiplexed on the first two slots of the TOT, and  is the first symbol in the TOT.
Proposal 10: In case of overlapped PUCCH and TBoMS transmissions, perform UCI multiplexing per TOT.
[bookmark: OLE_LINK1826][bookmark: OLE_LINK1827][image: ]         [image: ]
(a)                                  (b)
Fig. 9 Per-TOT UCI multiplexing mechanism for TBoMS; (a) PUCCHs overlap with one TOT; (b) UCI is multiplexed per-TOT.

[bookmark: OLE_LINK1830][bookmark: OLE_LINK1829][bookmark: OLE_LINK778][bookmark: OLE_LINK779][bookmark: OLE_LINK957]With per-TOT UCI multiplexing mechanism, a case may occur in Fig. 10(a), that one PUCCH carrying HARQ-ACK corresponding to a PDSCH reception is overlapped with TBoMS in the last slot of the TOT. In this case, the symbol  is far ahead to the PUCCH, which restricts the scheduling flexibility because the time between the end of the last symbol of PDSCH and the beginning of  should be no less than . Therefore, in this case, an improvement can be introduced, where UCI punctures the TBoMS in the overlapped slot if  does not satisfy the timeline conditions. For per-slot puncturing, as shown in Fig. 10(b),  is defined as the earliest symbol of the PUCCH and PUSCH in the overlapped slot, and  should satisfy the timeline condition that the time between the end of the last symbol of PDSCH or PDCCH corresponding to the PUCCH and the beginning of  should be no less than  or . Since UE punctures some PUSCH symbols for UCI multiplexing, i.e. the baseband signal of symbols of PUSCH in the overlapped slot need not to be regenerated, the PUSCH preparation procedure time need not to be considered for timeline conditions of UCI puncturing.
Proposal 11: For latency-sensitive UCI, allow performing per-slot UCI puncturing.
[image: ]         [image: ]
(a)                                  (b)
Fig. 10 UCI multiplexing mechanism for TBoMS; (a) PUCCHs overlap with one TOT; (b) UCI is punctured per 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: The time domain resource allocated for TBoMS transmission will increase by 14% in some cases by utilizing uplink symbols in special slots.
Observation 2: The TBoMS transmission can be easily scheduled on the PRBs on which SRS are not allocated in special slots.
Observation 3: Time domain resources allocated for TBoMS transmission are reduced when special slots are scheduled if legacy PUSCH repetition type A TDRA that the same time domain resources are allocated in each slot is used.

Proposal 1: Support different time domain resource allocations between special slots and uplink slots for TBoMS to fully use the available uplink symbols in special slots.
Proposal 2: Introduce an additional SLIV field in RRC configured TDRA table to indicate time domain resource allocation for special slots for TBoMS.
Proposal 3: If repetition of TBoMS is supported, existing repetition number field in RRC configured TDRA table should indicate the repetition number of TBoMS, and a new field should be introduced in RRC configured TDRA table to indicate the number of available slots allocated for one TBoMS transmission.
Proposal 4: If the number of symbols in each slot allocated for TBoMS transmission is the same, K should be defined as the number of available slots allocated for TBoMS transmission.
Proposal 5: If the number of symbols in an uplink slot allocated for TBoMS transmission and the one in a special slot allocated for TBoMS transmission are different, K can be defined as the ratio of the number of all the symbols allocated for TBoMS transmission excluding DMRS symbols and the one in an uplink slot allocated for TBoMS transmission excluding DMRS symbols.
Proposal 6: The TB is transmitted on the multiple TOTs using a single RV.
Proposal 7: RM is performed per TOT, where the start position of bit selection in the circular buffer on TOT  is defined as

where  denotes the end position of bit selection in the circular buffer on TOT , ,  denotes the length of coded bits in the circular buffer,  is the LDPC lifting size, and  denotes the TOT number, .
Proposal 8: The start position of bit selection in the circular buffer on the first TOT for each repetition is denoted by RV index and the RV index is cycled for each repetition in a configured sequence.
Proposal 9: The transmission power determination of TBoMS should be based on the TOT.
Proposal 10: In case of overlapped PUCCH and TBoMS transmissions, perform UCI multiplexing per TOT.
Proposal 11: For latency-sensitive UCI, allow performing per-slot UCI puncturing.
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