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Introduction
[bookmark: _Hlk510705081]The following can be noted from the work item description (WID) for Rel-17 coverage enhancement [1]:
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 
As mentioned in the WID, this new feature enables the transmission of a transport block (TB) over multiple slots (referred to as TBoMS), wherein the transport block size (TBS) is determined based on the resource across multiple slots. This document discusses the options identified in RAN1 #106-e meeting, potential open issues and the associated specification works for specifying this new feature in Rel-17.
Discussion
Definition of a single TBoMS
In RAN1#106-e, Option 3 was adopted as a working assumption for the definition of a single TBoMS. 
	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.


The structure of a single TBoMS plays an important role on the design of other aspects of the feature, including rate-matching and TBoMS repetitions. Given that the remaining time for finalizing this WI is limited, RAN1 should agree on confirming the working assumption.
[bookmark: _Toc83931946]Proposal 1. RAN1 to confirm the working assumption on adopting Option 3 for a single TBoMS structure, i.e., the TB is transmitted using a single RV.
Rate-matching
In RAN1 #105-e, the following agreement was made for rate-matching of TBoMS:
	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
Note1: “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 #106-e, the following was further concluded:
	Conclusion
Bit interleaving performed per TOT is precluded, and TOT will not be used in further discussion.


From the above agreements, there are two remaining options for rate-matching of a single TBoMS transmission:
Option 1: Rate-matching is performed per slot (RM per slot).
Option 2: Rate-matching is performed continuously across all the allocated slots for TBoMS (RM per TBoMS).
It is worth noting that, based on the agreement made in RAN1 #105-e, only one option should be selected for rate-matching of TBoMS. The conclusion in RAN1 #106-e simply removed one option from the three candidates. Therefore, RAN1 still need to down-select only one option between the two remaining options. In addition, it is important for RAN1 to consider only one solution for a given problem to avoid the potential fragmentation of UE capabilities, additional implementation complexities and extra specification efforts.
[bookmark: _Ref83016063][bookmark: _Toc83931926]Observation 1. The agreement made in RAN1 #105-e on selecting only one option for rate-matching for TBoMS is still valid. The conclusion in RAN1 #106-e simply removed one from the three options.
In this section, we analyze the potential impacts of Option 1 and Option 2 above on the following aspects:
Implementation
Specification efforts
Code-block (CB) segmentation (if any)
Collision handling
UCI multiplexing
TBoMS retransmission
[bookmark: _Ref82794703]TBoMS with single CB
Let us consider an example in Figure 1, wherein a TBoMS is allocated with N = 3 slots in TDD with DDSUU DL/UL configuration. 
[image: ]
[bookmark: _Ref82617311]Figure 1. An example of bit selection in circular buffer for a TBoMS transmission.
PUSCHs on the first N=3 available slots are denoted by PUSCH 0, PUSCH 1 and PUSCH 2. The number of bits that can be conveyed by PUSCH 0, PUSCH 1 and PUSCH 2 are Eslot 0, Eslot 1 and Eslot 2, respectively. Since PUSCH 0, PUSCH 1 and PUSCH 2 have the same size, Eslot 0 = Eslot 1 = Eslot 2 = Eslot, where Eslot is the total number of bits that can be conveyed per slot. Hence, the total number of bits that can be conveyed by all allocated slots for TBoMS is E = N* Eslot. A single code-block (CB) is considered in this example for simplicity. Potential impacts on CB segmentation will be discussed herein in a separate sub-section.
A high-level summary of RM per slot and RM per TBoMS for TBoMS without CB segmentation is shown in Figure 2. 
RM per slot: For a given slot, the UE firstly selects the corresponding Eslot bits from the circular buffer (the first bundle of Eslot bits for the first slot starts from the first bit in the circular buffer, the next bundle of Eslot bits for the next slot starts after the end of the previous bundle, and so on, as shown in Figure 1). Secondly, the UE performs bit interleaving on the Eslot bits. Finally, the UE maps the Eslot interleaved bits onto the resource of the current slot (note that the mapping step contains several small steps including CB concatenation if any, scrambling, modulation, layer mapping, antenna port mapping, precoding, mapping to virtual and physical resource).
RM per TBoMS: The UE firstly selects the entire E = N* Eslot bits from the circular buffer. Secondly, the UE performs bit interleaving on the E bits. Finally, for a given slot, the UE selects Eslot bits from the E interleaved bits and maps the selected Eslot interleaved bits onto the resource of the slot (note that the mapping step contains several small steps including CB concatenation if any, scrambling, modulation, layer mapping, antenna port mapping, precoding, mapping to virtual and physical resource).
[image: ]
[bookmark: _Ref82620675]Figure 2. A high-level summary of RM per slot vs. RM per TBoMS.
Potential implementation impacts
Concerning the potential impacts of the two rate-matching approaches on implementation when there is no CB segmentation, the following observations can be noted:
Potential impacts at transmitter side: RM per slot allows the UE to operate as in Rel-15/16, since the steps of bit selection and bit interleaving are both performed on a slot basis. RM per TBoMS also allows the UE to reuse bit selection and bit interleaving steps in the same way as in Rel-15/16. The only difference between RM per TBoMS compared to its “per slot” counterpart is that, for every slot, the UE may need to take Eslot bits from the E interleaved bits for the mapping of the interleaved bits onto the resource per slot. However, it is unclear whether the aforementioned difference may result in implementation impact or not. Indeed, let us assume that the UE needs another secondary buffer for bit selection and bit interleaving (aside from circular buffer). Thus, the secondary buffer size is Eslot and E for RM per slot and RM per TBoMS, respectively. For RM per slot, the UE may flush the secondary buffer every slot to perform a new bit selection and bit interleaving. For RM per TBoMS, the UE may do the same by flushing the secondary buffer every slot and perform bit selection and bit interleaving again with the same E encoded bits from the circular buffer, which result in the same E interleaved bits for every slot. The UE can then select the corresponding Eslot bits from the E interleaved bits for mapping per slot. Note that selecting Eslot bits from the E interleaved bits (for RM per TBoMS) may require the same complexity as selecting Eslot bits from the circular buffer (for RM per slot).
Potential impacts at receiver side: In general, both RM per slot and RM per TBoMS may impact the receiver implementation compared to PUSCH repetitions. Indeed, for a single TBoMS transmission, there is no repetition across the encoded bits conveyed per slot. Ideally, the receiver must wait until receiving the last symbol of the TBoMS before decoding, for both RM approaches. However, RM per slot allows the receiver to try decoding the codeword at any slot (since the deinterleaving can be performed per slot), thus reducing the decoding latency. For instance, if the gNB can decode the codeword earlier, it may schedule UL CI or other transmission(s) overlapped with the remaining resource of the TBoMS transmission and, therefore, exploit the resource better. In contrast, the advantage of decoding latency reduction does not exist with RM per TBoMS since the deinterleaving can only be performed after receiving the last symbol of the TBoMS. 
[bookmark: _Toc83931927]Observation 2. For TBoMS with single CB, the main difference between rate-matching per TBoMS compared to rate-matching per slot is that, for every slot, the UE may need to take Eslot bits from the E interleaved bits for the mapping of the interleaved bits onto the resource per slot, where Eslot and E are the total number of bits that can be conveyed per slot and per all allocated slots for TBoMS, respectively. Assessing the impact of this difference on implementation may need further discussion.
[bookmark: _Toc83931928]Observation 3. For TBoMS with single CB, rate-matching per slot allows the receiver to try decoding the codeword at any slot (since the deinterleaving can be performed per slot), thus reducing the decoding latency. In contrast, the advantage of decoding latency reduction does not exist with rate-matching per TBoMS since the deinterleaving can only be performed after receiving the last symbol of the TBoMS.
[bookmark: _Ref83014011]Potential specification impacts
The following can be noted from TS 38.212, Section 5.4.2:
	[bookmark: _Toc19798704][bookmark: _Toc26467175][bookmark: _Toc29326530][bookmark: _Toc29327680][bookmark: _Toc36045870][bookmark: _Toc36046130][bookmark: _Toc36046276][bookmark: _Toc45209193][bookmark: _Toc51852366][bookmark: _Toc58250732]5.4.2	Rate matching for LDPC code


The rate matching for LDPC code is defined per coded block and consists of bit selection and bit interleaving. The input bit sequence to rate matching is . The output bit sequence after rate matching is denoted as . 
[bookmark: _Toc19798705][bookmark: _Toc26467176][bookmark: _Toc29326531][bookmark: _Toc29327681][bookmark: _Toc36045871][bookmark: _Toc36046131][bookmark: _Toc36046277][bookmark: _Toc45209194][bookmark: _Toc51852367][bookmark: _Toc58250733]5.4.2.1	Bit selection




The bit sequence after encoding  from Clause 5.3.2 is written into a circular buffer of length  for the -th coded block, where  is defined in Clause 5.3.2.
<< omitted text>>

-	 is the number of code blocks of the transport block determined according to Clause 5.2.2.
<< omitted text>>



Denoting by  the rate matching output sequence length for the -th coded block, where the value of  is determined as follows:

Set 


for  to 

if the -th coded block is not scheduled for transmission as indicated by CBGTI according to Clause 5.1.7.2 for DL-SCH and 6.1.5.2 for UL-SCH in [6, TS 38.214]

;
else

if 

;
else

;
end if

;
end if
end for
where 

-	 is the number of transmission layers that the transport block is mapped onto;

-	 is the modulation order;

-	 is the total number of coded bits available for transmission of the transport block;


-	 if CBGTI is not present in the DCI scheduling the transport block and  is the number of scheduled code blocks of the transport block if CBGTI is present in the DCI scheduling the transport block.






Denote by  the redundancy version number for this transmission ( = 0, 1, 2 or 3), the rate matching output bit sequence , , is generated as follows, where  is given by Table 5.4.2.1-2 according to the value of  and LDPC base graph: 
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;
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end while

Table 5.4.2.1-2: Starting position of different redundancy versions, 
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[bookmark: _Toc19798706][bookmark: _Toc26467177][bookmark: _Toc29326532][bookmark: _Toc29327682][bookmark: _Toc36045872][bookmark: _Toc36046132][bookmark: _Toc36046278][bookmark: _Toc45209195][bookmark: _Toc51852368][bookmark: _Toc58250734]5.4.2.2	Bit interleaving



The bit sequence  is interleaved to bit sequence , according to the following, where the value of  is the modulation order.


for  to 


for  to 

;
end for
end for


From the above text, especially the highlighted parts, it can be observed that RM per TBoMS is more compatible with the current specification for rate-matching. Indeed, following the current procedure, the bit selection and bit interleaving should be done on the total number of coded bits available for transmission of the CB. Even in case of single CB, specification changes are still needed if RM per slot is adopted. For instance, at least the following modifications are needed:
“The rate matching for LDPC code is defined in the order of per slot and then per coded block…”.
“G is the total number of coded bits available for transmission of the transport block per slot”.
Further impacts on CB segmentation will be discussed in next section. From the above analysis, the following observations can be noted:
[bookmark: _Toc83931929]Observation 4. For TBoMS with single CB, rate-matching per TBoMS is more compatible with the current specification for rate-matching. Specification changes are needed to accommodate rate-matching per slot. 
[bookmark: _Toc83931930]Observation 5. For TBoMS with single CB, while details on specification changes required for rate-matching per slot still need further discussions, these changes may not be significant and may not impact the legacy implementation of the specification. 
[bookmark: _Ref83301651]TBoMS with CB segmentation
Let us reuse the example in Section 2.2.1, wherein a TBoMS is allocated with N = 3 slots in TDD with DDSUU DL/UL configuration, and further assume that the TB is segmented into two CBs. For TBoMS, we foresee two alternatives for CB segmentation, namely 
Alt. 1 (CB segmentation per TBoMS): The total number of bits available for transmission of the transport block using the entire resource allocated for TBoMS will be used for CB segmentation.
Alt. 2 (CB segmentation per slot): The total number of bits available for transmission of the transport block using the resource of a slot will be used for CB segmentation.
Figure 3 illustrates how the CBs are multiplexed on the allocated resource for TBoMS using the above two alternatives.
[image: ]
[bookmark: _Ref82795658]Figure 3. Illustration of CB segmentation per TBoMS vs CB segmentation per slot.
From the above analysis, the following observation can be noted:
[bookmark: _Toc83931931]Observation 6. In case of CB segmentation, there could be two alternatives for multiplexing the CBs on the allocated resource for TBoMS, namely: CB segmentation per TBoMS (i.e, the total number of bits available for transmission of the transport block using the entire resource allocated for TBoMS will be used for CB segmentation) and CB segmentation per slot (i.e., the total number of bits available for transmission of the transport block using the resource of a slot will be used for CB segmentation).
Figure 4 and Figure 5 illustrate the mapping of encoded bits in circular buffer onto the allocated resource in case of CB segmentation per TBoMS (Alt. 1) and CB segmentation per slot (Alt. 2), respectively.
[image: ]
[bookmark: _Ref82842743]Figure 4. Illustration of mapping the encoded bits in case CB segmentation per TBoMS (Alt. 1).
[image: ]
[bookmark: _Ref82842749]Figure 5. Illustration of mapping the encoded bits in case CB segmentation per slot (Alt. 2).
A high-level summary of RM per slot and RM per TBoMS with CB segmentation is as follows. 
RM per slot: For a given slot, the UE firstly selects the number of encoded bits from the circular buffer that can be conveyed by the corresponding resource allocated for the CB per slot (i.e., , where  and  are slot index and CB index, respectively). Secondly, the UE performs bit interleaving on the  selected bits. Finally, the UE maps the interleaved bits onto the corresponding resource of the current slot (note that the mapping step contains several small steps including CB concatenation if any, scrambling, modulation, layer mapping, antenna port mapping, precoding, mapping to virtual and physical resource).
RM per TBoMS: The UE firstly selects the entire Er bits from the circular buffer, where r is the CB index. Secondly, the UE performs bit interleaving on the Er bits. Finally, for a given slot, the UE selects  bits from the Er interleaved bits and maps the selected  interleaved bits onto the resource of the slot (note that the mapping step contains several small steps including CB concatenation if any, scrambling, modulation, layer mapping, antenna port mapping, precoding, mapping to virtual and physical resource).
Potential implementation impacts
Aside from the potential implementation impacts identified for the case of single CB, the following observations can be noted for the case of CB segmentation:
Potential impacts at transmitter side:
· CB segmentation per TBoMS (Alt. 1) may avoid potential impacts on pipelining of the processing blocks at the transmitter side since CBs are processed sequentially in this case, for both rate-matching approaches.
· Compared to Alt. 1, CB segmentation per slot (Alt. 2) may require additional processing time or memory for encoding and/or mapping all CBs in every slot, for both rate-matching approaches. Indeed, since all CBs are multiplexed per slot, the transmitter may need to either encode and buffer the encoded bits for all CBs for mapping per slot or sequentially encode all CBs in every slot.
· RM per slot requires different interleaving sizes per slot when Alt. 1 is considered (this may or may not be an implementation issue).
Potential impacts at receiver side:
· CB segmentation per TBoMS (Alt. 1) may allow the receiver to decode one or multiple CBs, and hence it can plan and schedule the retransmission of the CB(s) if needed, before the last transmission of the TBoMS, for both rate-matching approaches.
· Compared to Alt. 1, CB segmentation per slot (Alt. 2) may require the receiver to buffer the encoded bits of all CBs that are transmitted per slot and perform decoding at the end of TBoMS transmission, for both rate-matching approaches. In addition, Alt. 2 introduces a significant decoding latency since the pipelining for decoding can only be started when the last symbol of at least one (first) CB is received.
[bookmark: _Toc83931932]Observation 7. CB segmentation per TBoMS may avoid potential impacts on pipelining of the processing blocks at the transmitter side. 
[bookmark: _Toc83931933]Observation 8. CB segmentation per TBoMS may allow the receiver to decode one or multiple CBs before the last transmission of the TBoMS, for both rate-matching approaches.
[bookmark: _Toc83931934]Observation 9. CB segmentation per slot may require additional processing time or memory for encoding and/or mapping all CBs in every slot at the transmitter side.
[bookmark: _Toc83931935]Observation 10. CB segmentation per slot may require the receiver to buffer the encoded bits of all CBs that are transmitted per slot and perform decoding at the end of TBoMS transmission, for both rate-matching approaches.
[bookmark: _Toc83931936]Observation 11. CB segmentation per slot may introduce a significant decoding latency since the pipelining for decoding can only be started when the last symbol of at least one (first) CB is received, for both rate-matching approaches.
Potential specification impacts
According to the specification quoted in Section 2.2.1.2 and the above analysis, it can be observed that: 
CB segmentation per TBoMS (Alt. 1) is more compatible with the current specification (specification changes may not be needed if this alternative is adopted).
CB segmentation per slot (Atl. 2) needs specification changes, at least similar modifications as the ones needed for RM per slot in case of single CB mentioned in Section 2.2.1.2 should be considered.
RM per TBoMS is more compatible with CB segmentation per TBoMS.
RM per slot is more compatible with CB segmentation per slot.
RM per TBoMS is friendlier in terms of specification impacts and can be used in both CB segmentation per TBoMS and CB segmentation per slot.
Significant specification changes are needed (especially in the algorithm) for adopting RM per slot and CB segmentation per TBoMS.
[bookmark: _Toc83931937]Observation 12. CB segmentation per TBoMS is more compatible with the current specification while CB segmentation per slot needs specification changes.
[bookmark: _Toc83931938]Observation 13. Rate-matching per TBoMS is more compatible with CB segmentation per TBoMS and rate-matching per slot is more compatible with CB segmentation per slot in terms of specification impacts.
[bookmark: _Ref83016072][bookmark: _Toc83931939]Observation 14. Rate-matching per TBoMS is friendlier in terms of specification impacts and can be used in both CB segmentation per TBoMS and CB segmentation per slot, whereas signification specification changes are needed for adopting rate-matching per slot and CB segmentation per TBoMS.
From Observation 1 to Observation 14, it can be concluded that, the following should be considered to minimize the implementation and specification impacts:
If RM per slot is adopted, CB segmentation should not be considered for TBoMS.
If RM per TBoMS is adopted, CB segmentation can be considered for TBoMS and CB segmentation per TBoMS should be considered.
Therefore, we propose the following:
[bookmark: _Toc83931947]Proposal 2. RAN1 should make the decision on rate-matching and CB segmentation together by down-selecting the following three options: 
Option 1: Rate-matching is performed per slot and CB segmentation is not considered for TBoMS.
Option 2: Rate-matching is performed per TBoMS and CB segmentation is not considered for TBoMS.
Option 3: Rate-matching is performed per TBoMS and CB segmentation per TBoMS is considered.
[bookmark: _Ref83142684]Potential impacts on collision handling
Aside from the above analysis regarding implementation and specifications impacts on TBoMS with and without CB segmentation, another aspect that should also be considered for selecting the RM concept for TBoMS is the potential impacts on collision handling. In principle, from collision handling perspective, RAN1 should consider the following criteria for selecting the RM approach:
1. Minimizing the performance lost due to collision (e.g., dropping). 
2. Minimizing the specification changes on collision handling (i.e., reusing the legacy collision handling concept as much as possible). 
Indeed, for the 2nd criterion, the following agreement was made in RAN1#106-e:
	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)


With the agreement above, it is clear that no impact on the collision handling concept is expected regardless of which rate-matching approach is finally retained. Therefore, in this section, we analyse the potential impacts of the two rate-matching approaches considering the 1st criterion above, i.e., minimizing the performance lost due to dropping. Let us reconsider the example in Section 2.2.1, wherein a TBoMS is allocated with N = 3 slots in TDD with DDSUU DL/UL configuration, and further assume that the first PUSCH (PUSCH 0) is dropped. 
It has been argued that RM per slot may suffer from performance lost if the first PUSCH is dropped, since the first slot conveys most systematic bits. In contrast, for RM per TBoMS, the dropped bits will be spread across a larger portion of the E encoded bits to be mapped on the allocated resource for TBoMS. However, it is worth observing that (i) this argument depends on how the bit-to-RE mapping is performed, (ii) the validity of the statement depends on the depth of the interleaver which in turn depends on the modulation order (which is 2 for coverage shortage scenarios). In other words, if the bit-to-RE mapping is performed prior to applying the dropping rules, then positive impact of RM per TBoMS might be observed in case the first PUSCH is dropped. In this case, the whole segment of encoded bits in circular buffer associated with the dropped PUSCH will not be transmitted in case of RM per slot. However, the extent of this advantage brought by RM per TBoMS seems very limited in practice, if any at all, due to:
The expected interleaver depth in case of coverage shortage scenarios, i.e., 2.
The expected number of PRBs (a few) and PUSCH symbols (as much as possible) allocated in each slot of the TBoMS.
More precisely, if we let , ,  and  be the interleaver depth, the amount of bits transmitted per TBoMS slot, the nominal code rate and the number of allocated slots for TBoMS transmission, respectively, then we know that in case of RM per TBoMS all the systematic bits will be transmitted exactly within the first  transmitted bits (across as many slots as needed to transmit ). Indeed, bit interleaving procedure can be modeled as feeding the input bit sequence  row-by-row into a table of  rows and  columns, then reading out column-by-column the output bit sequence  from the table. Figure 6 illustrates the bit interleaving per TBoMS wherein S ( is the number of systematic bits. It can be seen from Figure 6 that the systematic bits  are spread across the first  interleaved bits only, not across the entire E bits. With small  and  (which is the case for coverage shortage), a significant number of systematic bits will still be in the first slot in case of RM per TBoMS. Therefore, the claimed benefit of RM per TBoMS compared to RM per slot in case of dropping the first slot is not evident and, if any, seems negligible in practice.
[image: ]
[bookmark: _Ref83913204]Figure 6. Illustration of bit interleaving per TBoMS in case the modulation order Qm =2.
The argued benefits brought by RM per TBoMS for the collision handling would need very large configured values of  and , i.e., very large MCS index, and very low configured values of . These configurations would defeat the purpose of the coverage enhancement brought by TBoMS which will decrease as N decreases and MCS index grows. In other words, no practically relevant advantage in terms of collision handling is expected to be brought by either of the two approaches considered for RM. 
Similarly, if the bit-to-RE mapping is performed after applying the Rel-15/16 PUSCH dropping rules, and given that the effect of the dropping is known before the first transmission, then after applying the rules in the second step of the available slot determination procedure, the UE should know which PUSCH has been dropped and the bit-to-RE mapping should be performed only on the retained allocated PUSCHs, as shown in Figure 7. Therefore, considering the issue of dropping the first PUSCH does not seem to yield any evident insight in favour of the selection of one RM approach over the other.
[image: ]
[bookmark: _Ref83049513]Figure 7. An example of mapping the encoded bits when one or multiple PUSCHs allocated for TBoMS are dropped.
[bookmark: _Toc83931940]Observation 15. The claimed benefit of rate-matching per TBoMS compared to rate-matching per slot in case of dropping the first allocated PUSCH for TBoMS is unclear.
[bookmark: _Toc83931948]Proposal 3. RAN1 decision on rate-matching for TBoMS should not account for collision handling.
Potential impacts on UCI multiplexing
For RM per slot, any UCI multiplexing indication should be known before the overlapping slot since the rate-matching, which considers the multiplexed UCI in this case, is performed per slot. In addition, the constraints on processing timeline for UCI multiplexing as specified in Section 9.2.5 of TS 38.213 are also applied by considering the first symbol of the overlapping slot. In contrast, for RM per TBoMS, UCI multiplexing indication should be known before the first symbol of the TBoMS and the constraints on processing timeline for UCI multiplexing are applied by considering the first symbol of the TBoMS. In this regard, it can be observed that RM per slot enables more flexibility for UCI multiplexing than RM per TBoMS. It is worth noting that, for both RM approaches, the legacy behaviour of UCI multiplexing should be kept.
[bookmark: _Toc83931941]Observation 16. Rate-matching per slot enables more flexibility for UCI multiplexing than RM per TBoMS by potentially relaxing the constraints on processing timeline.
Furthermore, and similar to the above discussion for the case of dropping one or multiple PUSCHs allocated for TBoMS, it has been argued that UCI multiplexing on the first PUSCH (e.g., PUSCH 0 in the example in Section 2.2.4) may impact systematic bits transmission in case of RM per slot. However, since the multiplexing is known beforehand, only the number of bits for PUSCH that can be conveyed in the first slot (excluding the bits reserved for the UCI) will be selected from the circular buffer. The second PUSCH then conveys the encoded bits from the circular buffer starting right after the last bit conveyed by the first PUSCH. Therefore, the potential impacts on systematic bits is not evident in this case, and the supposed difference between the two approaches for RM does not seems significant.
[bookmark: _Toc83931942]Observation 17. The claimed benefit of rate-matching per TBoMS compared to rate-matching per slot in case of UCI multiplexing on the first allocated PUSCH for TBoMS is unclear.
[bookmark: _Toc83931949]Proposal 4. The legacy Rel-15/16 rules for collision handling and UCI multiplexing should be kept as much as possible regardless of which rate-matching approach is adopted for TBoMS.
[bookmark: _Toc83931950]Proposal 5. RAN1 decision on rate-matching for TBoMS should not account for UCI multiplexing.
[bookmark: _Ref83327230]Potential impacts on TBoMS retransmission
It is worth noting that if no specific enhancement is specified for TBoMS retransmission, the retransmission per CB (or CBG, if applicable) would be used for TBoMS. In several contributions submitted to RAN1#106-e meeting, it was proposed that partial retransmission could also be considered for TBoMS. In principle, the partial retransmission would mean that only a portion of the allocated slots/PUSCHs (and hence only a portion of the encoded bits of the TB) will be retransmitted by the UE following an indication from the gNB. Therefore, the potential impacts of rate-matching on TBoMS retransmission should be considered in two cases:
Case 1: Retransmission for TBoMS is performed per CB (or CBG, if applicable) only. 
Case 2: Partial retransmission is also considered for TBoMS.
For Case 1, if CB segmentation is not considered for TBoMS then there is no impact on the retransmission regardless of which RM approach is retained. However, if CB segmentation is considered for TBoMS, it can be observed that RM per TBoMS is more compatible for legacy CBG-based retransmission concept. The reason is twofold. On the one hand, as analysed in Section 2.2.3, RM per TBoMS is more compatible with CB segmentation per TBoMS, which would be the CB segmentation behaviour if there is no specs change. On the other hand, as shown in Figure 3, CB segmentation per TBoMS is more compatible with CBG-based retransmission since impairments in a slot may effect only one CB, hence retransmitting only the impaired CB or CBG is sufficient. 
[bookmark: _Toc83931943]Observation 18. In case partial retransmission is not considered for TBoMS, if CB segmentation is not considered for TBoMS, then there is no impact of rate-matching on TBoMS retransmission. Otherwise, rate-matching per TBoMS is more compatible with CBG-based retransmission in case CB segmentation per TBoMS. 
For Case 2, although details on whether and how to support partial retransmission for TBoMS still need further discussions, it is likely that the UE needs to perform rate-matching again for the PUSCH(s) to be retransmitted. In this regard, it can be argued that RM per slot may require less interleaving size and hence less complexity compared to RM per TBoMS, since only one or a few segments of the interleaved bits (in case of RM per TBoMS) will be used for the retransmission. 
[bookmark: _Toc83931944]Observation 19. Rate-matching per slot is more compatible with partial retransmission of TBoMS, if supported. However, both rate-matching per slot and rate-matching per TBoMS should work in case of partial retransmission of TBoMS.
Potential implementation impact considering the logic of transmission and reception operations in NR
All previous sections analyse implementation and specification impact of the two RM approaches proposed for TBoMS in Rel-17. Implementation impact analysis is carried out while considering a generic reference device and observations on advantages and disadvantages for different aspects of TBoMS are provided. It is worth observing that this may not be sufficient to assess the actual implementation impact one may observe in practice once the logic of transmission and reception operations in NR are accounted for. 
More precisely, transmission and reception operations in NR follow a per-slot logic. This has a large impact on how devices operate. Most decisions are taken on a slot-by-a slot basis, most buffer are handled on a slot-by-slot basis, most Tx/Rx chain updates are performed on a slot-by-slot basis, most counters run on a slot-by-slot basis. Of course, this situation is not the result of arbitrary choices but rather an implicit consequence of how the specification is written and the signalling is designed. 
In this context, deciding to perform some of the above operations according to a per multi-slot logic may impact implementation at a much more fundamental level than the single PUSCH transmission handling. It is then worth wondering if this would be justified and justifiable by the TBoMS use case, which is arguably very narrow if compared to all other NR features and operations (which can be supported by the existing slot-by-slot logic). 
From our perspective, decisions taken by RAN1 should not only consider observations related to the implementation impact of the two RM approaches for TBoMS when an abstract generic device is taken as a reference. Conversely, they should, and probably must, consider that the relevance of the TBoMS use case is what will eventually determine the success of the feature. Decisions that reduce the relevance of the use case, and its justifiability in terms of actual implementation effort, should be strongly discouraged.  
[bookmark: _Toc83931951]Proposal 6. Impact of decisions on RM for TBoMS on the per-slot implementation logic followed by all transmission/reception operations in NR should be carefully considered to ensure the relevance of TBoMS use case is preserved.
Transport block size (TBS) determination
In RAN1 #105-e meeting, the following agreements were made:
	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.



	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.


Let us briefly recall the following TBS determination procedure for PDSCH transmission as currently specified in TS 38.214, section 5.1.3 (similar procedure is applied for PUSCH). 
1) The UE shall first determine the number of REs (NRE) within the slot. 

[bookmark: _Hlk500489688][bookmark: _Hlk515619163]-	A UE first determines the number of REs allocated for PDSCH within a PRB () by , where is the number of subcarriers in a physical resource block,  is the number of symbols of the PDSCH allocation within the slot,  is the number of REs for DM-RS per PRB in the scheduled duration including the overhead of the DM-RS CDM groups without data, as indicated by DCI format 1_1 or format 1_2 or as described for format 1_0 in Clause 5.1.6.2, and  is the overhead configured by higher layer parameter xOverhead in PDSCH-ServingCellConfig. If the xOverhead in PDSCH-ServingCellconfig is not configured (a value from 6, 12, or 18), the  is set to 0. If the PDSCH is scheduled by PDCCH with a CRC scrambled by SI-RNTI, RA-RNTI, MSGB-RNTI or P-RNTI,  is assumed to be 0.
-	A UE determines the total number of REs allocated for PDSCH () by , where nPRB is the total number of allocated PRBs for the UE. 
2)	Unquantized intermediate variable (Ninfo) is obtained by  .
3) The TBS is then determined by quantizing  based on different procedure depending on its size.
From the above procedure and agreements, it can be observed that, for TBoMS:
the first step above from Rel-15/16 on the determination of the number of REs () within a slot should be reused (discussion on  can be closed),
the unquantized intermediate variable is obtained by ,
the third step above should be kept since the valid TBSs are not changed by TBoMS.
From the above observations, the only open issue on TBS determination for TBoMS is the definition of K. In this regard, the following agreement was made in RAN1#106-e:
	Agreement 
To calculate N_info for TBS determination, at least the scaling factor value K=N is supported, where N is the number of allocated slots for a single TBoMS.
FFS: whether further values 1<K<N are supported.
FFS: details related to the indication of K.
Note: No supporting the case K=1 for a single TBoMS.


In principle, considering K< N is equivalent to allowing the circular buffer size (Ncb) to be much smaller than the number of bits (E) that can be conveyed by the allocated resource for the TBoMS, especially when a low MCS is used. This scenario is illustrated in Figure 8, wherein more than two full cycles of circular buffer are needed to fill up the total number of bits that can be conveyed by the allocated resource. To some extent, this is equivalent to “repeating the CB within a single TBoMS”. However, one can use the repetition framework agreed in RAN1#106-e to achieve the same result. Indeed, with low TBS and MCS, a small value of N can be allocated for a single TBoMS, then TBoMS repetition with RV cycling can be considered, and the result would be equivalent to “repeating the CB within a single TBoMS”. Therefore, given that the repetition framework for a single TBoMS has been agreed, the motivation of introducing 1<K<N is unclear.
[bookmark: _Toc83931945]Observation 20. Considering 1<K<N enables the repetition of a CB within a single TBoMS. Given that the repetition framework for a single TBoMS has been agreed in RAN1#106-e, the motivation of introducing 1<K<N is unclear.
[bookmark: _Toc83931952]Proposal 7. For TBS determination of a single TBoMS, the values 1<K<N are not supported.
[image: ]
[bookmark: _Ref83314247]Figure 8. Illustration of bit selection in circular buffer in case K<N and low MCS. More than 2.5 full cycles of circular buffer are needed to fulfill the allocated resource in this case.
[bookmark: _Ref83327571]Candidate values for the number of allocated slots for a single TBoMS (N) 
The following agreement was also made in RAN1 #105-e concerning further details on how the TDRA is determined for TBoMS
	Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.


From the above agreement, it can be understood that the number of slots allocated for TBoMS is configured via RRC as a new column in the TDRA table and is indicated via TDRA allocation. This resource indication approach is similar to the dynamic indication of number of repetitions for PUSCH repetition. 
Concerning the candidate values of the number of slots allocated for TBoMS, the values {1, 2, 3, 4, 7} can be used as a starting point, since the motivation for using a very large number of slots for TBoMS is unclear, especially considering that TBoMS repetitions are supported. Moreover, since the number of slots allocated for TBoMS is counted on available slots, these candidate numbers should be sufficient for TBoMS. 
[bookmark: _Toc83931953]Proposal 8. RAN 1 to consider the following candidate values of the number of slots allocated for TBoMS as a starting point: 
[1], 2, 3, 4, or 7 slots
Note: value 1 may or may not be introduced depending on how TBoMS is enabled/disabled.
TBoMS repetitions
In RAN1#106-e, the following agreement was made for TBoMS repetitions:
	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.
· 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. 


Several open issues were listed in the above agreement and will be discussed in this section. 
Remaining details on TDRA and candidate values for the repetition factor (M)
It was noted in the above agreement that “M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1”. For repetition Type A enhancement, it was agreed that 32 is the maximum number of repetitions. Therefore, M*N . Moreover, since M*N is the total number of allocated slots for TBoMS repetitions and it is no more than the total number of repetitions for PUSCH repetition type A, it’s natural to deduce that the candidate values for M*N should also within the set of valid candidate values for PUSCH repetition type A, which is numberOfRepetitions-r17 {2, 3, 4, 7, 8, 12, 16, 24, 28, 32}. Given the proposed values for N in Section 2.4 is  and the constraint that {2, 3, 4, 7, 8, 12, 16, 24, 28, 32}, the list of possible combination of N and M for M from 1 to 10 is summarized as follows.
	M
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	N that results in valid M*N
	2, 3, 4, 7
	2, 4
	4
	2, 3, 4, 7
	-
	2, 4
	4
	2, 3, 4
	-
	-


From the above table, if we select the values of M such that each value of M results in at least two valid values for M*N, then the candidate values for M are . It is worth noting that depending on the indication approach for M, one more candidate value (e.g., M=2) can be removed from the list.
[bookmark: _Toc83931954]Proposal 9. RAN1 to consider the following candidate values for the number of repetitions of a single TBoMS (M):

Indication of M
As a natural consequence of the proposed values of M is to configure M as a column in the TDRA table, similar to the way that N is configured. However, such configuration, which requires an additional RRC parameter and hence increases the RRC overhead, may not be needed. Indeed, it is worth noting that aside from the column for N, there is a column for numberOfRepetition-r17 configured in the TDRA table already. In case, TBoMS transmission is not considered, numberOfRepetition-r17 will indicate the number of repetitions for PUSCH repetition type A. However, when TBoMS is considered, numberOfRepetition-r17 is not used by PUSCH repetition type A and could be used to configure the value of M or M*N, depending on the approach of enabling/disabling TBoMS transmission. Indeed, 
if TBoMS transmission is enabled by configuring N>1 and disabled by configuring N = 1, then for the rows associated with N > 1 in TDRA table, the column numberOfRepetition-r17 can be configured with the values of M directly.
if TBoMS transmission is enabled/disabled by a parameter or DCI indication, then the values in numberOfRepetition-r17 columns could be used for both PUSCH repetition type A and TBoMS. In this case, when TBoMS transmission is enabled, the UE can calculate the value of numberOfRepetition-r17 as M*N, hence with M*N and N indicated, the valid value for M from the list of candidate values can be determined.
[bookmark: _Toc83931955]Proposal 10. For the indication of repetition factor for the repetition of a single TBoMS, the repetition factor (M) can be obtained from the number of repetitions for PUSCH repetition type A configured in TDRA table, according to one these two alternatives: 
M is directly indicated via one additional column of the TDRA table. 
M*N is indicated via one additional column of the TDRA table.
Interaction with frequency hopping and precoder cycling
In principle, the structure of TBoMS would not impact the legacy frequency hopping and precoder cycling if no further optimization is considered. Since TBoMS reuses the framework of counting on available slot for PUSCH repetition type A enhancement in AI 8.8.1.1 and it was agreed in AI 8.8.1.1 that no new inter-slot frequency hopping is introduced for PUSCH repetition type A in Rel-17, RAN1 should not consider any further enhancement in frequency hopping for TBoMS as well. Indeed, the following agreement in RAN1#106-e can be noted:
	Agreement:
For Rel-17 PUSCH repetition Type A without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced.


[bookmark: _Toc83931956]Proposal 11. For TBoMS transmission without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced.
RV cycling for TBoMS repetitions
Since Option 3 has been adopted for the structure of single TBoMS, i.e., only a single RV is considered for a single TBoMS transmission, RV cycling can be applied across TBoMS repetition like the legacy Rel-15/16 RV cycling procedure. Specifically, the four RV indices in Rel-15/16 can be reused for determining the starting bit in the circular buffer for mapping the encoded bits in circular buffer onto the allocated resource for a single TBoMS repetition. Within a single TBoMS repetition, the bit selection follows Option 3, i.e., the encoded bits that are mapped for the allocated slots within a single TBoMS repetition are back-to-back in the circular buffer.
[bookmark: _Toc83931957]Proposal 12. For the repetition of a single TBoMS, the legacy Rel-15/16 RV cycling can be reused.
Details of TBoMS retransmission
As briefly discussed in Section 2.2.6, there could be two possibilities for TBoMS retransmission, i.e., CB or CBG-based retransmission and partial retransmission of a portion of the allocated slots. The latter would be a new concept which deserves more discussion to better understand how it could be realized and the associated benefits. For instance, its realization could be achieved in at least two different ways:
Alt. 1: The modulated symbols of PUSCHs are retransmitted following an indication from the gNB (e.g., based on the RSRP measurement from the gNB), no HARQ process will be considered for one or multiple PUSCHs allocated for TBoMS.
Alt. 2: Different HARQ processes are associated with one or multiple PUSCHs allocated for TBoMS. The retransmission will be based on the HARQ process ID.
Alt. 2 may introduce significant impacts on both implementation and specification, whereas Alt. 1 would require further discussion. On the one hand, we think it is evident that Alt. 2 should not be considered for TBoMS. On the other hand, we are not sure the discussion on partial retransmission, for instance as per Alt. 1, should be prioritized given that possible alternatives based on adaptation of the existing retransmission framework exist.
[bookmark: _Toc83931958]Proposal 13. Discussion on partial retransmission should be deprioritized, given the limited available time before the end of the discussions for Rel-17. 
Indication method for enabling TBoMS
An indication method should be applied per PUSCH scheduling/configuration to distinguish between TBoMS and the legacy single-slot TB transmission (including PUSCH repetitions). 
Rel-16 uses the RRC parameter PUSCH-RepTypeIndicatorDCI-0-1 and PUSCH-RepTypeIndicatorDCI-0-2 to indicate whether UE follows the behavior for PUSCH repetition type A or B. The same approach could be considered for TBoMS, i.e., enabling/disabling TBoMS using an RRC parameter. However, since both “number of repetitions” for PUSCH repetitions and “number of allocated slots” for TBoMS are jointly configured in the TDRA table, a rule is needed in case TBoMS is enabled and the selected row in the TDRA indicates that both “number of repetitions” and “number of allocated slots” for TBoMS are greater than one. The rule could be that if TBoMS is enabled it will overwrite PUSCH repetitions. One drawback of this approach is that the gNB cannot dynamically select PUSCH repetition and TBoMS, e.g., depending on service types.
Alternatively, a new field in the scheduling DCI can be introduced for the indication. Specifying this option is simple, nevertheless it may suffer from two limitations: not only it would increase the DCI payload but also would introduce a DCI field which may not always be useful for the UE, e.g., when the UE is not experiencing coverage shortage. It could be argued that this feature could be applied for CE UEs, even when no coverage shortage is experienced. However, the relevance of this use case is not very clear, unless specific applications are considered, e.g., URLLC (which typically already makes use of small packet size and low coding rate). 
Another option is to use TBoMS when the “number of allocated slots” for TBoMS is greater than one regardless of the “number of repetitions”. PUSCH repetition (or single PUSCH transmission) is applied if “number of allocated slots” for TBoMS equals one. This option is simple; however, it may suffer from the low configuration flexibility since the TDRA size is limited.
From the above discussion, it can be observed that each option has pros and cons, which need further discussion in RAN1.
[bookmark: _Toc68630594][bookmark: _Toc83931959]Proposal 14. RAN1 to specify an indication method for enabling TBoMS transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method.
Conclusion
In this contribution, we discussed aspects related to the normative work necessary to provide support to multi-slot TB processing and transmission in Rel-17. The following observations have been made:
Observation 1. The agreement made in RAN1 #105-e on selecting only one option for rate-matching for TBoMS is still valid. The conclusion in RAN1 #106-e simply removed one from the three options.
Observation 2. For TBoMS with single CB, the main difference between rate-matching per TBoMS compared to rate-matching per slot is that, for every slot, the UE may need to take Eslot bits from the E interleaved bits for the mapping of the interleaved bits onto the resource per slot, where Eslot and E are the total number of bits that can be conveyed per slot and per all allocated slots for TBoMS, respectively. Assessing the impact of this difference on implementation may need further discussion.
Observation 3. For TBoMS with single CB, rate-matching per slot allows the receiver to try decoding the codeword at any slot (since the deinterleaving can be performed per slot), thus reducing the decoding latency. In contrast, the advantage of decoding latency reduction does not exist with rate-matching per TBoMS since the deinterleaving can only be performed after receiving the last symbol of the TBoMS.
Observation 4. For TBoMS with single CB, rate-matching per TBoMS is more compatible with the current specification for rate-matching. Specification changes are needed to accommodate rate-matching per slot.
Observation 5. For TBoMS with single CB, while details on specification changes required for rate-matching per slot still need further discussions, these changes may not be significant and may not impact the legacy implementation of the specification.
Observation 6. In case of CB segmentation, there could be two alternatives for multiplexing the CBs on the allocated resource for TBoMS, namely: CB segmentation per TBoMS (i.e, the total number of bits available for transmission of the transport block using the entire resource allocated for TBoMS will be used for CB segmentation) and CB segmentation per slot (i.e., the total number of bits available for transmission of the transport block using the resource of a slot will be used for CB segmentation).
Observation 7. CB segmentation per TBoMS may avoid potential impacts on pipelining of the processing blocks at the transmitter side.
Observation 8. CB segmentation per TBoMS may allow the receiver to decode one or multiple CBs before the last transmission of the TBoMS, for both rate-matching approaches.
Observation 9. CB segmentation per slot may require additional processing time or memory for encoding and/or mapping all CBs in every slot at the transmitter side.
Observation 10. CB segmentation per slot may require the receiver to buffer the encoded bits of all CBs that are transmitted per slot and perform decoding at the end of TBoMS transmission, for both rate-matching approaches.
Observation 11. CB segmentation per slot may introduce a significant decoding latency since the pipelining for decoding can only be started when the last symbol of at least one (first) CB is received, for both rate-matching approaches.
Observation 12. CB segmentation per TBoMS is more compatible with the current specification while CB segmentation per slot needs specification changes.
Observation 13. Rate-matching per TBoMS is more compatible with CB segmentation per TBoMS and rate-matching per slot is more compatible with CB segmentation per slot in terms of specification impacts.
Observation 14. Rate-matching per TBoMS is friendlier in terms of specification impacts and can be used in both CB segmentation per TBoMS and CB segmentation per slot, whereas signification specification changes are needed for adopting rate-matching per slot and CB segmentation per TBoMS.
Observation 15. The claimed benefit of rate-matching per TBoMS compared to rate-matching per slot in case of dropping the first allocated PUSCH for TBoMS is unclear.
Observation 16. Rate-matching per slot enables more flexibility for UCI multiplexing than RM per TBoMS by potentially relaxing the constraints on processing timeline.
Observation 17. The claimed benefit of rate-matching per TBoMS compared to rate-matching per slot in case of UCI multiplexing on the first allocated PUSCH for TBoMS is unclear.
Observation 18. In case partial retransmission is not considered for TBoMS, if CB segmentation is not considered for TBoMS, then there is no impact of rate-matching on TBoMS retransmission. Otherwise, rate-matching per TBoMS is more compatible with CBG-based retransmission in case CB segmentation per TBoMS.
Observation 19. Rate-matching per slot is more compatible with partial retransmission of TBoMS, if supported. However, both rate-matching per slot and rate-matching per TBoMS should work in case of partial retransmission of TBoMS.
Observation 20. Considering 1<K<N enables the repetition of a CB within a single TBoMS. Given that the repetition framework for a single TBoMS has been agreed in RAN1#106-e, the motivation of introducing 1<K<N is unclear.
In addition, the following proposals have been made:
Proposal 1. RAN1 to confirm the working assumption on adopting Option 3 for a single TBoMS structure, i.e., the TB is transmitted using a single RV.
Proposal 2. RAN1 should make the decision on rate-matching and CB segmentation together by down-selecting the following three options:
Option 1: Rate-matching is performed per slot and CB segmentation is not considered for TBoMS.
Option 2: Rate-matching is performed per TBoMS and CB segmentation is not considered for TBoMS.
Option 3: Rate-matching is performed per TBoMS and CB segmentation per TBoMS is considered.
Proposal 3. RAN1 decision on rate-matching for TBoMS should not account for collision handling.
Proposal 4. The legacy Rel-15/16 rules for collision handling and UCI multiplexing should be kept as much as possible regardless of which rate-matching approach is adopted for TBoMS.
Proposal 5. RAN1 decision on rate-matching for TBoMS should not account for UCI multiplexing.
Proposal 6. Impact of decisions on RM for TBoMS on the per-slot implementation logic followed by all transmission/reception operations in NR should be carefully considered to ensure the relevance of TBoMS use case is preserved.
Proposal 7. For TBS determination of a single TBoMS, the values 1<K<N are not supported.
Proposal 8. RAN 1 to consider the following candidate values of the number of slots allocated for TBoMS as a starting point:
[1], 2, 3, 4, or 7 slots
Note: value 1 may or may not be introduced depending on how TBoMS is enabled/disabled.
Proposal 9. RAN1 to consider the following candidate values for the number of repetitions of a single TBoMS (M):

Proposal 10. For the indication of repetition factor for the repetition of a single TBoMS, the repetition factor (M) can be obtained from the number of repetitions for PUSCH repetition type A configured in TDRA table, according to one these two alternatives:
M is directly indicated via one additional column of the TDRA table. 
M*N is indicated via one additional column of the TDRA table.
Proposal 11. For TBoMS transmission without joint channel estimation, no new inter-slot frequency hopping mechanism is introduced.
Proposal 12. For the repetition of a single TBoMS, the legacy Rel-15/16 RV cycling can be reused.
Proposal 13. Discussion on partial retransmission should be deprioritized, given the limited available time before the end of the discussions for Rel-17.
Proposal 14. RAN1 to specify an indication method for enabling TBoMS transmission per PUSCH scheduling/configuration.
·  FFS: Details of the indication method.
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