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Introduction
In this contribution, we discuss remaining issues for TB Processing over Multi-Slot PUSCH (TBoMS).  In RAN1#106bis-e, some agreements and working assumptions were reached regarding bit interleaving, bit selection, TBS determination and repetition of TBoMS. We therefore discuss various related aspects of TBoMS with focus on bit selection, UCI multiplexing as well as other open issues. Link level simulations are provided to investigate performance of TBoMS under different conditions. The performance of the frequency hopping pattern originally developed for joint channel estimation applications in [2] is investigated in our companion paper [1] for TBoMS.
Discussion
[bookmark: _Hlk68265639]Rel-15/16 PUSCH repetition comprises a broad set of mechanisms to determine which time domain resources are used. These include how to determine resources allocated to each repetition, the total number of repetitions, and which slots are omitted. Rel-17 TBoMS transmission also requires mechanisms to determine time domain resources. Therefore, one way to reduce complexity in UEs is to construct a multi-slot TB transmission by combining PUSCH repetition time domain resource determination mechanisms with multi-slot transport block construction methods.

· Rel-15/16 PUSCH repetition and TB over multiple slots have great commonality in terms of configuration and signaling of time domain resources.

· [bookmark: _Hlk71620616]Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
Bit selection
Bit selection and bit interleaving as the two steps of rate matching were decoupled during the discussion. As shown below, a TBoMS structure using a single RV was agreed as a working assumption in RAN1#106e, and two options for determining the index of the starting coded bit for each slot are for down-selection in RAN1#107-e.
	In RAN1#106e
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. 
In RAN1#106bis-e
[bookmark: _Hlk86395509]Working Assumption
For TBoMS in Rel-17, the following is supported:
· Bit interleaving is performed per slot.
       The index of the starting coded bit for each transmitted slot is predetermined prior to the start of the TBoMS transmission.
· Transmission is limited to one CB only.
· FFS: whether UCI multiplexing bits or cancellation/dropping of coded bits, if any, have to be known prior to the determination of the index of the starting coded bit for each transmitted slot or not
· FFS: Performance with UCI multiplexing on single and multiple slots of a single TBoMS
Note: How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed. Some knowledge on UCI to be multiplexed or cancellation/dropping of coded bits in each slot of a single TBOMS may be known prior to the start of a single TBOMS transmission. How this is to be handled is to be discussed further.
Agreement
For the bit selection for each transmitted slot for TBoMS, one of the following is to be down selected in RAN1 #107-e for determining the index of the starting coded bit in the circular buffer:
· Option B: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot.
· Option C: the index of the starting coded bit in the circular buffer is the index continuous from the position of the last bit selected in the previous allocated slot, regardless of whether UCI multiplexing occurred in the previous allocated slot or not.
FFS: whether the index of the starting coded bit for each transmitted slot is expressed as a multiple integer of the lifting size Zc
Note: Dropping/cancellation rules are not considered for the starting bit position determination in both Option B and Option C.


[bookmark: OLE_LINK10]Option C has the index of the starting coded bit in each allocated slot determined only by UL grant, namely assuming no UCI multiplexing occurs. Option B takes additional information of UCI multiplexing into account. We compare the two options in two cases, when the information of UCI multiplexing is received prior to or after the start of the TBoMS transmission. As illustrated in Figure 1, for example, a single TBoMS is transmitted in four UL slots, slot 3, slot 4, slot 8 and slot 9. The UE receives a DCI command in slot 0, prior to the start of the transmission of TBoMS, that schedules UCI transmission in slot 3. Another DCI command occurs in slot 5 after the start of the TBoMS transmission. 


Figure 1: UCI multiplexing over TBoMS
If the information of UCI is received prior to the start of the TBoMS transmission, misdetection of DCI command may cause different behaviors of the two options. The consequence for Option C is the same as in a legacy network, such as wrongly transmitted coded bits in one slot. But the misdetection of DCI command would cause error propagation for Option B.
Then let’s consider whether it is possible that a UE receives UCI multiplexing information after the start of the TBoMS transmission. The answer for Option C is yes, as long as the UCI transmission meets the legacy PDSCH processing time and PUSCH preparation time. The DCI command received after the start of the transmission of TBoMS affects the number of transmitted coded bits and the index of the last transmitted coded bit in the overlapping slot. As in Figure 1, DCI and PDSCH are received in slot 5, and the HARQ feedback is scheduled in slot 8. The starting coded bit in each slot for TBoMS transmission is predetermined regardless of if UCI is multiplexed. The coded bits in slot 8 are rate matched around UCI bits affecting the index of the last coded bit transmitted in slot 8.
[bookmark: OLE_LINK5]But the answer for Option B is to be discussed. If UE receives UCI multiplexing information after the start of the TBoMS transmission, it may have to adapt the index of starting coded bits in the slots following the UCI multiplexing slot, which increases UE complexity. In the example of UCI information received in slot 5, the transmitted coded bits in slot 8 are the same as in Option C, but the starting coded bit in slot 9 is next to the last coded bit transmitted in slot 8. Such a UE complication can be avoided at the cost of scheduling flexibility, by preventing gNB from scheduling UCI transmission in the overlapping slot with TBoMS after UE starts TBoMS transmission. In other words, the earliest occasion for UCI transmission happens after the TBoMS transmission is complete. The current possible values of dl-DataToUL-ACK are (0..15) physical slots. Given the TBoMS transmission is based on available slots, TBoMS with N=8 in TDD pattern DDSUU spans 17 slots. Such scheduling restriction may limit not only UCI transmission occasion, but also PDSCH transmission occasion.

· For Option B, the index of the starting coded bit for each transmitted slot is determined by a UL grant and the total number of UCI bits multiplexed in the previous slots of the TBoMS.
· If information about UCI multiplexing in the overlapping slot is received prior to the start of the TBoMS transmission, misdetection of the information would cause error propagation.
· If information about UCI multiplexing in the overlapping slot is received after the start of the TBoMS transmission, the UE has to adapt the indexes of starting coded bits in the UL slots following the overlapping slot, increasing UE complexity. Otherwise, gNB has to avoid scheduling UCI transmission in the overlapping slots with TBoMS once UE starts the transmission of TBoMS.
· For Option C, the index of the starting coded bit for each transmitted slot is only determined by a UL grant and therefore is predetermined prior to the start of the TBoMS transmission. It has no impact on gNB scheduling of UCI transmission.

· From the perspective of gNB scheduling flexibility and error propagation, Option C is preferred.
RRC configuration
Determination and indication between TBoMS and PUSCH repetition
The following agreements on configuration of TBoMS were reached in RAN1#106bis-e. In this section we discuss the determination and indication between TBoMS and PUSCH repetition.
	Agreement
· The number N of allocated slots for TBoMS is indicated via a new column added to the TDRA table configured via PUSCH-TimeDomainAllocationList. The existing column for configuring the number of repetitions in the TDRA for Rel-17 PUSCH repetition Type A, i.e., numberOfRepetitions, is used for indicating the number of repetitions M of a single TBoMS, when TBoMS transmission is enabled.
· FFS: supported values of N and M.
· FFS: how to enable the TBoMS transmission
· FFS: details of retransmission of TBoMS

Agreement
For TBoMS transmission in Rel-17:
· TBoMS transmission feature is enabled (or disabled) by configuring (or not) the number of allocated slots for a single TBoMS (N) in a row of the TDRA table.
· Dynamic switching between at least TboMS transmission and the legacy single-slot PUSCH transmission, by using a row in the TDRA table, is supported.
· TBoMS transmission is enabled when N>1, where N is the number of allocated slots for a single TBoMS.
· [bookmark: _Hlk86662035]Single-slot PUSCH transmission is enabled when N=1.
· Supported combinations of N and M that can be configured in the TDRA table, these combinations are constrained by retransmission are to be further discussed


In NR up to Rel-16 there is only one type of PUSCH transmission, i.e. PUSCH repetition. The single-slot PUSCH transmission belongs to PUSCH repetition with n1 as a possible value for numberOfRepetitions in the Rel-16 TDRA table. Similarly, TBoMS without repetition can be treated as one case of TBoMS repetition. For brevity, the term TBoMS in this section includes TBoMS with and without repetition. A question is the UL transmission type between TBoMS and PUSCH repetition is indicated semi-statically by higher layer or dynamically by physical layer. Both PUSCH repetitions and TBoMS improve cell coverage, but from different perspectives. In practice, gNB chooses one type over another on the basis of performance and implementation factors, instead of dynamic factors, such as radio condition, which may impact N and M for TBoMS or K for PUSCH repetition. It is sufficient that the configured TDRA table contains entries for only one type of UL transmission. An exception is in a TDRA table for TBoMS, the agreement “Single-slot PUSCH transmission is enabled when N=1.” allows an entry for single-slot PUSCH transmission, i.e. N=1, M=1. 

· All the entries in a Rel-17 TDRA list are either for PUSCH repetition or for TBoMS. An exception is N=1 and M=1 for single-slot PUSCH is included in the TDRA table for TBoMS.
Regarding the FFS on details for retransmission of TBoMS, it was proposed in RAN1#106bis-e that retransmission of TBoMS can be configured with TBoMS of different N or PUSCH repetition. In legacy system, TBS of the retransmission is kept the same as initial transmission. We went through all TBS values for single-slot PUSCH and TBoMS with N={2, 4, 8}, with MCS indexes from 0 to 9. Other configurations, including the number of PRBs per slot, DMRS configuration and MCS table, can be found in Appendix. In Table 1, only 4 out of 36 TBSs can be configured with different combinations of N and MCS index. Therefore, retransmission of TBoMS by TBoMS with a different N value from initial transmission or PUSCH repetition is not considered.
Table 1: TBS of different combinations of N and MCS index
[image: ]

· Retransmission of a single TBoMS by TBoMS of a different N value or PUSCH repetition with the same TBS is only possible with very few configurations.

· Retransmission of TBoMS by TBoMS with a different N value from initial transmission or PUSCH repetition is not supported.
Other possible values of N
Some candidate values of N and M were agreed in RAN1#106bis-e. In this section, we discuss other possible values of N for a single TBoMS. 
	In RAN1#106-e
Agreement
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N 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 M groups of N allocated slots for each single TBoMS repetition.
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Whether RV indices should be cycled across the M groups of N 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. 
In RAN1#106bis-e
Agreement
At least the following values are supported in Rel-17 for the number N of allocated slots for the single TBoMS:
· 
FFS: whether N=1 is also supported depends on how TBoMS transmission feature is enabled (or disabled)
FFS: other values, if any.
FFS: further constraints on N*M
Agreement
The following values are supported in Rel-17 for the number M of repetitions of the single TBoMS:
· 
FFS: further constraints on N*M, e.g., N*M is a valid value according to agreements in AI 8.8.1.1


As the simulation in section 2.7.2 shows, for a given N*M value, the configuration of a large N and a small M performs better than otherwise. Since M=2 was agreed, N=16 can be considered to reach the maximum 32 of N*M. In addition, {3, 6, 12} are especially suitable for the TDD UL/DL configuration DDDSUDDSUU, to fit 5ms, 10ms, 20ms boundary.

· [bookmark: _Hlk83977785]{3, 6, 12, 16} can be considered for the candidate numbers of slots for a single TBoMS.
Retransmission
NR Rel-15/16 supports both CBG-based and TB-based retransmission. CBG-based or TB-based transmission is configured by RRC. As a working assumption, it was agreed in RAN1#106bis-e that “Transmission is limited to one CB only.” Therefore, TB-based retransmission should be supported.
It was proposed that partial retransmission can be considered for TBoMS, for example, UE can be indicated with the index of one or multiple slots of the TBoMS for retransmission. This is similar to CBG-based transmission, where the UE is indicated which specific CBG is to be retransmitted. However, without slot-level CRC, the benefit and standard impact of partial retransmission for TBoMS needs study.

· [bookmark: _Hlk87081498]Only TB-based retransmission is supported for TBoMS.
Dropping rule for TBoMS
A two-step procedure was agreed for the Rel-17 PUSCH repetitions, which is reused for the transmission of TBoMS is based on available slots. The second step for collision handling between the overlapping UL channel/signal is performed after the determination of available slot. The Rel-17 PUSCH dropping rules are for further study.
	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
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 N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)


In NR Rel-15 and Rel-16, according to the following statements in 38.213, if PUCCH repetition overlaps with PUSCH repetition Type A, the latter is dropped in the overlapping slots without deferral. 
	If a UE would transmit a PUCCH over a first number  of slots and the UE would transmit a PUSCH with repetition Type A over a second number of slots, and the PUCCH transmission would overlap with the PUSCH transmission in one or more slots, and the conditions in clause 9.2.5 for multiplexing the UCI in the PUSCH are satisfied in the overlapping slots, the UE transmits the PUCCH and does not transmit the PUSCH in the overlapping slots.


The collision between PUCCH repetition and TBoMS or repetitions of TBoMS also needs consideration. Regarding the commonality between PUSCH repetition Type A and TBoMS, PUCCH repetition can override the time-domain overlapping transmission of a single TBoMS or repetitions of TBoMS.

· [bookmark: _Hlk83977860]PUCCH repetition can override the transmission of a single TBoMS or repetitions of TBoMS in the overlapping slot(s).
[bookmark: _Hlk77064951]In NR Rel-17, in addition to TBoMS, several other UL transmissions are also based on available slots, including Type A PUSCH repetition enhancement option 2, enhancements of SPS HARQ-ACK, A-SRS with the latter two discussed in NR IIoT WI and FeMIMO WI respectively. As we know, SPS HARQ-ACKs can be multiplexed to a time-overlapping PUSCH if they are of the same physical priority index and the timeline checks pass. Otherwise, they have to be transmitted separately. SRS can’t be transmitted simultaneously with PUSCH. Therefore, it needs to be solved on how a UE handles the collision if one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals. To solve this issue, a solution based on priority similar to Rel-15/16 PUSCH omission rules can be used. Namely, define the priority of the multiple UL transmissions, for example based on physical layer priority and/or the time order of corresponding UL grants. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot. 

· [bookmark: _Hlk71539726][bookmark: _Hlk83977872][bookmark: OLE_LINK2]Rel-17 PUSCH dropping rules include the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (including TBoMS, Type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK). RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot.
UCI multiplexing in TBoMS
In this section, we discuss UCI puncturing regarding the note in RAN1#106bis-e “How UCI multiplexing and cancellation/dropping of coded bits influence the sequence of coded bits transmitted in each slot of a single TBOMS is to be further discussed.” 
When UCI transmission overlaps in time with PUSCH, UCI is multiplexed on PUSCH if the timeline check passes. In Rel-17, the transmission of HARQ-ACK or CSI report may overlap with a multi-slot TB. In the past RAN1 meetings, it was proposed that UCI can be multiplexed in one or more slots of a TBoMS and some issues were also raised.
In NR Rel-15/16 UCI multiplexing on PUSCH can be performed by mapping PUSCH around the UCI bits or puncturing PUSCH by HARQ-ACK which is less than or equal to 2 bits. If PUSCH is mapped around UCI bits, the index of the last transmitted coded bit in the slot depends on the number of transmitted UCI bits, which causes different behaviors of Option B and C. However, UCI multiplexing by puncturing is performed after mapping PUSCH in the slot, it has no impact on the last coded bit in the slot, so the starting coded bit in the next slot can be continuous after it.

· Option B and Option C differ in bit selection only when UCI multiplexing on PUSCH is performed by mapping PUSCH around UCI. UCI multiplexing on PUSCH by puncturing can guarantee continuous bit selection across slots.

· [bookmark: _Hlk87081514]Reuse Rel-16 UCI multiplexing on PUSCH by puncturing for TBoMS.
If UCI can be multiplexed in multiple slots of a TBoMS, one method is that the total UCI bits are spread over multiple slots, occupying less resources in a slot than legacy UCI multiplexed in PUSCH of one slot. The other method is repetitions of UCI in multiple slots. This can improve UCI coverage and can be considered especially when there is no UL-SCH for multi-slot TB. 

· [bookmark: _Hlk71621211]If UCI multiplexing in multiple slots of TBoMS is supported, CSI or HARQ-ACK can be repeated in all slots of a TBoMS. 
[bookmark: _Hlk61866012]Other issues
Power control
Calculation of BPRE was agreed in RAN1#106bis-e for TBoMS. But it is not clear the transmission occasion of power determination is per slot or per TBoMS.
	Agreement
· For transmission power determination of TBoMS transmission in Rel-17, RAN1 to down-select one of the following two options:
· Option 1: The transmission power determination of TBoMS should be based on all the REs allocated in one available slot for the TBoMS transmission, excluding the overhead of reference signals
· Option 2: The transmission power determination of TBoMS should be based on all the REs allocated in the N available slots for the TBoMS transmission, excluding the overhead of reference signals.
· FFS: details on BPRE
Agreement
BPRE for TBOMS is calculated as  where N is the number of slots allocated for a single TBOMS and  is the number of allocated REs in one allocated slot of a single TBOMS.
Note: How this equation or its equivalent is captured in the specification is left to the editor
Conclusion
· Joint channel estimation over PUSCH transmissions across non-consecutive slots is not supported in Rel-17.


In NR Rel-15 and Rel-16 UE determines UL transmission power in each transmission occasion. Transmission occasion  is defined by a slot index  within a frame with system frame number , a first symbol  within the slot, and a number of consecutive symbols . A decision is needed on if transmission occasion of power determination for a TBoMS is one or all slots of a TB. 
If not for joint channel estimation, there is no power consistency requirement imposed on TBoMS. If the transmission occasion is to reuse the allocated symbols in a slot, it is backward compatible and needs small standardization effort. With joint channel estimation, the above conclusion means the time span to keep UE power consistency is up to the duration of PUSCH transmission in consecutive slots. If the transmission of TBoMS spans non-consecutive slots, even with joint channel estimation, it is excessive to keep the same transmission power across the multi-slot transmission by setting the transmission occasion for TBoMS power determination as all slots of the TB. This scheme causes possible standard impact including how to handle the updated pathloss estimation and group-common TPC command amid UL transmission.

· [bookmark: _Hlk87081531][bookmark: _Hlk83977939]Reuse Rel-16 transmission occasion of power determination for TBoMS.
Termination conditions for TBoMS repetitions
Termination for Rel-17 PUSCH repetition Type A based on available slots with configured grant was agreed in RAN1#106bis-e as follows to reuse existing restriction.
	 Agreement
· [bookmark: _Hlk86692624]The existing restriction “The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P” applies to both the counting based on physical slots and the counting based on available slots.
The above “the time duration for the transmission of K repetitions” means the time duration between the start of the 1st slot of the K repetitions and the end of the last slot of the K repetitions for any instance of a CG period.


Given TBoMS transmission is also based on available slots and the note in RAN1#106-e, “M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1”, the same restriction can also apply to TBoMS and TBoMS repetition. We have the following proposal, which is now put in bracket in the draft CR of 38.214 v1.

· [bookmark: _Hlk87081537]The UE is not expected to be configured with the time duration for the transmission of a single TBoMS or TBoMS repetitions larger than the time duration derived by the periodicity P.
Other frequency hopping schemes
It was agreed in RAN1#106bis-e to support the legacy Rel-15/16 intra-slot and inter-slot frequency hopping for TBoMS. Other frequency hopping schemes are for further study. Therefore, the performance of the frequency hopping pattern originally developed for joint channel estimation applications in [2] is investigated in our companion paper [1] for TBoMS.
Performance evaluation of TB processing over multi-slot PUSCH
In NR Rel-15 and 16, transmission of a TB is determined by RE resources within a number of PRBs and a number of at most 14 OFDM symbols. To reach a certain UL data rate, usually multiple PRBs in a slot are allocated for a TB transmission. However, increasing resources in frequency domain will reduce the power density of the signals transmitted in each PRB, thus making the channel estimation accuracy worse, given the limitation of the total power of UE can have. In order to increase power spectrum density, one possible solution is to extend a TB that is in a small number of PRBs across multiple slots. 

· The feasible use cases of TB over multiple slots are the low data rate services, such as VoIP and low rate data. 
Performance of UCI multiplexing on TBoMS 
When UCI is multiplexed in one of the multiple slots of TBoMS,  denotes the number of coded modulation symbols in one slot. The code block size  used to derive  should be divided by N for a single TBoMS. Different values of  are selected for different MCS indexes to satisfy the 10% PUSCH and 1% UCI iBLER requirement at the same time. In this section, we compare the performance of Option B and Option C for UCI multiplexing on a TBoMS with N=4, for VoIP and low code rate services. We consider 11-bit CSI, and UCI is multiplexed in the first slot of the TBoMS. 
When MCS=1, the TB size is 352, and peak throughput is 88 kbps to simulate VoIP service. After UCI channel coding, there are 264 UCI coded bits. The indexes of transmitted PUSCH coded bits for the options are listed in Table 2. 
Table 2: indexes of transmitted coded bits for different options
	
	Option B
	Option C
	No UCI multiplex

	Slot 1
	C1-C312
	C1-C312
	C1-C576

	Slot 2
	C313-C888
	C577-C1152
	C577-C1152

	Slot 3
	C889-C1464
	C1153-C1728
	C1153-C1728

	Slot 4
	C1464-C2039
	C1729-C2304
	C1729-C2304


As shown in Figure 2, Option B has a small performance gain (a couple of tenths dB) over Option C.
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Figure 2: Option B vs. Option C of UCI multiplexing on TBoMS for VoIP service

When MCS =4, TBS size is 704 and peak throughput is 176 kbps to simulate low data rate in FDD. After UCI channel coding, there are 110 UCI coded bits. As shown in Figure 3, Option B and Option C has the same performance. The reason is that only a relatively smaller part of systematic bits is impacted by UCI coded bits compared with MCS=1. 
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Figure 3: Option B vs. Option C of UCI multiplexing on TBoMS for low data rate

· [bookmark: _Hlk83977983]Option B and Option C have nearly the same performance when 11-bit UCI is multiplexed in the first slot for a TBoMS with N=4.
[bookmark: _Hlk68272026]Performance of TBoMS repetition
In this section, we compare the performance of TBoMS repetition with different configurations of {N, M} with N*M=16. 
Figure 4 compares the performance of four configurations of {N, M}. N denotes the number of slots for a single TBoMS, and M the repetition number for TBoMS. The interleaving is performed per slot. The occupied physical resources and TBS of four combinations are almost aligned for a fair comparison, where the peak throughput is about 110 Kbps. MCS index increases with larger repetition factor. {N=16, M=1} and {N=8, M=2} have almost the same best performance, which is 2dB better than {N=4, M=4} and 3dB better than {N=2, M=8}.
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Figure 4: different configurations of {N, M} with fixed N*M

· The configuration of a large N and a small M performs better than otherwise. {N=16, M=1} and {N=8, M=2} have almost the same best performance, which is 2dB better than {N=4, M=4} and 3dB better than {N=2, M=8}.
Summary
In this contribution, we have considered various aspects of TBoMS with focus on TBS determination, interleaving, UCI multiplexing as well as other issues. Link level simulations were provided to investigate performance of TBoMS under different conditions.
Based on the discussion above, we have following proposals.
Proposals:
1. Reuse resource determination and signaling of Rel-15/16 PUSCH repetition as much as possible to avoid specifying duplicate functionality.
2. From the perspective of gNB scheduling flexibility and error propagation, Option C is preferred.
3. All the entries in a Rel-17 TDRA list are either for PUSCH repetition or for TBoMS. An exception is N=1 and M=1 for single-slot PUSCH is included in the TDRA table for TBoMS.
4. Retransmission of TBoMS by TBoMS with a different N value from initial transmission or PUSCH repetition is not supported.
5. {3, 6, 12, 16} can be considered for the candidate numbers of slots for a single TBoMS.
6. Only TB-based retransmission is supported for TBoMS.
7. PUCCH repetition can override the transmission of a single TBoMS or repetitions of TBoMS in the overlapping slot(s).
8. Rel-17 PUSCH dropping rules include the case that one particular slot is determined as an available slot for multiple time-overlapping UL channels or signals (including TBoMS, Type A PUSCH repetition enhancement option 2, A-SRS, or SPS HARQ-ACK). RAN1 is to define the priority of the multiple time-overlapping UL transmissions. The UE only transmits the channel or signal with the highest priority in overlapping symbols in the slot.
9. Reuse Rel-16 UCI multiplexing on PUSCH by puncturing for TBoMS.
10. If UCI multiplexing in multiple slots of TBoMS is supported, CSI or HARQ-ACK can be repeated in all slots of a TBoMS. 
11. Reuse Rel-16 transmission occasion of power determination for TBoMS.
12. The UE is not expected to be configured with the time duration for the transmission of a single TBoMS or TBoMS repetitions larger than the time duration derived by the periodicity P.
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Table 1: Basic setup for TBoMS
	[bookmark: _Hlk83805646]System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· Waveform: DFT-s-OFDM

	UE speed
	· 3 km/h

	MCS table
	· Table 1 for PUSCH with transform precoding (q=2)

	DMRS configuration
	· Type 1, 2 DMRS symbols

	PUSCH duration
	· 14 symbols

	PRB num
	· 2 PRBs in one slot

	Channel
	· TDL-C (NLoS), 300ns delay spread, medium correlation

	Antennas
	· 1T2R for FDD

	Function
	· Disable HARQ and Link adaptation

	UCI bits
	· 11 bits CSI only
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