[bookmark: _Hlk37418177]3GPP TSG RAN WG1 #105-e	R1-2106656
e-Meeting, August 16th – August 27th, 2021

Agenda item:		8.8.1.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Transport block processing for PUSCH coverage enhancements
Document for:		Discussion and Decision
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 #105-e meeting, potential open issues and the associated specification works for specifying this new feature in Rel-17.
Discussion
Definition of a single TBoMS
Transmission occasion for TBoMS (TOT) and rate-matching
In RAN1 #105-e meeting, the following working assumption was made for TOT:
	[bookmark: _Hlk78377489]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.


Answers for both FFS points in the working assumption are closely related to how a TOT is finally defined. Indeed, from the working assumption there are still two possibilities for the definition of a TOT, namely
a TOT is constituted of one slot, or
a TOT is constituted of one or multiple consecutive physical slots.
If a TOT is one slot, then the concept of TOT does not need to be specified, which obviously minimizes the specification impacts for TBoMS without introducing any evident trade-off on the design of TBoMS. In contrast, if a TOT is constituted of multiple consecutive physical slots then the concept of TOT has to be specified, which leads to the fact that aspects related to signal generation, e.g. rate-matching, power control, etc., also need to be discussed and specified.
[bookmark: _Ref78556453][bookmark: _Toc79162366]Observation 1. If a TOT is one slot, RAN1 can avoid specifying the concept of TOT. Otherwise, the concept of TOT has to be specified and aspects related to signal generation, e.g. rate-matching, power control, etc., also need to be discussed/specified.
From the observations above, there is a clear advantage of considering a TOT as one slot from the perspective of minimizing specification impacts. Let us now analyze the impact of TOT definition on other aspects by jointly considering it with rate-matching, which was also discussed in RAN1 #105-e. An interplay exists between these two aspects for TBoMS. 
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)


The identified options for the definition of TOT and rate-matching for TBoMS are summarized in Table 1.
[bookmark: _Ref78533674]Table 1. Summary of options for definition of TOT and rate-matching for TBoMS.
	
	
	Definition of TOT

	
	
	one slot (no specification impact)
	multiple consecutive physical slots

	Rate-matching
	per slot (Option a)
	Valid scenario
	Definition of TOT is not needed (a TOT can be considered as one slot)

	
	per TOT (Option b)
	
	Valid scenario
TOT should be defined

	
	per TBoMS (Option c)
	Valid scenario
	Definition of TOT is not needed (a TOT can be considered as one slot)


From Table 1, we observe the following:
· If a TOT is one slot, only two options for rate-matching exist, i.e., per slot or per TBoMS.
· If rate-matching is done per slot or per TBoMS, then defining a TOT as multiple consecutive physical slots not only is unjustified but also introduces further complication at least for power control. 
· For a given rate-matching approach, the cases which do not require the definition of TOT are also identical to the cases when TOT is defined as one slot (no specification impact).
From the above observations, only three valid scenarios for defining TOT and rate-matching are identified:
· Scenario 1: A TOT is one slot and rate-matching is performed per slot;
· Scenario 2: A TOT is one slot and rate-matching is performed per TBoMS;
· Scenario 3: A TOT is constituted of multiple consecutive slots and rate-matching is performed per TOT.
In RAN1 #105-e meeting, several concerns were raised by companies regarding rate-matching within the time unit of more than one slot.
First, if rate-matching is not performed per slot, specification impacts may exist including at least UCI multiplexing, and more generally collision handling. One example is that if collision happens at a slot in the middle of a TOT which is constituted of multiple consecutive slots and rate-matching is done per TOT, the soft-combining may not be so straightforward if only the collided slot is dropped, otherwise the whole bundle of slots may need to be dropped. In case of UCI multiplexing on PUSCH, new rules may need to be defined or at least the specifications must be revised, considering at least the timeline for multiplexing. For instance, if the UCI contains HARQ-ACK then the timeline for PDSCH processing may need to consider the starting of the TOT but not the starting of the slot where the collision happens, depending on where the UCI is multiplexed (e.g., whether UCI is split across slots within the TOT). 
Second, implementation impact related to the interleaver should also be verified. Different interleaver sizes are needed if TOTs with different durations are considered for TBoMS and rate-matching is performed per TOT. It is worth noting that the above examples consider rate-matching per TOT. Complexity and specification impact is even larger if rate-matching per TBoMS is considered.
[bookmark: _Toc79162367]Observation 2. Rate-matching per TOT or per TBoMS may introduce significant specification and implementation impact, including at least aspects related to collision handling and interleaver design.
In contrast, if we assume that a TOT consists of one slot and rate-matching is done per slot, then we could have similar handling as Rel-16 at least for power control, UCI multiplexing, and more generally collision handling.
[bookmark: _Toc79162368]Observation 3. If a TOT consists of one slot, then similar handling as Rel-16 can be applied at least for power control.
[bookmark: _Ref78556460][bookmark: _Toc79162369]Observation 4. If rate-matching is done per slot, then similar handling as Rel-16 can be applied at least for UCI multiplexing, and more generally collision handling.
Considering Observations 1 to 4, Scenario 1 (as per description above) should be further down-selected by RAN1 since both specification and implementation efforts would be reduced for many aspects in this case, while harnessing all the benefits brought by the adoption of TBoMS. Therefore, we have the following proposal.
[bookmark: _Toc79162415]Proposal 1. The following definition of transmission occasion for TBoMS (TOT) and approach for rate-matching for TBoMS is supported:
· A TOT is one slot and rate-matching is performed per slot.

Option 3 vs. Option 4
In RAN1 #105-e meeting, the following agreement was made:
	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. 


Details of Option 3 and Option 4 were agreed in RAN1 #104-e as follows:
	· 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. 
· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 
· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
· FFS: the exact TBS determination procedure. 
· FFS: whether a single TBoMS can be repeated or not.
FFS: other implications, e.g., power control, collision handling and so on.


In this section, we discuss the down-selection between Option 3 and Option 4. The difference between these two options is whether a single RV index or multiple RV indices should be used for a single TBoMS. To illustrate these two options, let us take an example as illustrated in Figure 1 and denote by PUSCH 0, PUSCH 1, and PUSCH 2, the three PUSCHs (or TOTs) composing a single TBoMS. Let us further denote by G0, G1 and G2 the corresponding number of encoded bits that can be conveyed by PUSCH 0, PUSCH 1 and PUSCH 2, respectively. Hence, the number of encoded bits that can be conveyed by the total resource allocated for TBoMS is G=G0+G1+G2.
[image: ]
[bookmark: _Ref71214707]Figure 1. An example of time-domain resource allocation for a single TBoMS.
Figure 2 and Figure 3 illustrate the mapping/rate-matching of the encoded bits on the allocated resource across multiple slots for TBoMS using Option 3 and Option 4, respectively. Note that, since the TBS can be rather large for TBoMS, the number of encoded bits is also large, since the coding rate of LDPC base graph should be kept (e.g., coding rate of 0.2 for base graph 2). This impacts the overlaps/gaps which may or may not exist between different RVs in the circular buffer.
[image: ]
[bookmark: _Ref68085186]Figure 2. Illustration of rate-matching in Option 3 for a single TBoMS assuming PUSCH allocation in Figure 1.
In Figure 2, for Option 3, G bits are extracted from the circular buffer using RV0. Rate-matching is performed per slot; hence the G bits are then split into G0, G1, G2 bits so that they are conveyed on the resource of PUSCH 0, 1, and 2, respectively. In a way, this could be modeled as rate matching with different RVs, where the starting of an RV in the circular buffer is the ending of the preceding RV, i.e., back-to-back RVs allocation. This would guarantee that no puncturing of systematic bits occurs when moving from one PUSCH segment to another.  
[bookmark: _Ref78559159][bookmark: _Toc79162370]Observation 5. If rate-matching is performed per slot, Option 3 can be modeled as rate-matching with different RVs, where the starting of an RV in the circular buffer is the ending of the preceding RV, i.e., back-to-back RVs allocation.
[image: ]
[bookmark: _Ref71217346]Figure 3. Illustration of rate-matching in Option 4 for a single TBoMS assuming PUSCH allocation in Figure 1.
In Figure 3, the legacy Rel-15/16 RVs allocation is used for Option 4 and RV0, RV2, and RV3 are assumed for PUSCH 0, PUSCH 1 and PUSCH 2, respectively. 
The above two rate-matching options should offer similar performance for TBoMS in theory. However, if we look closely at the two Options in Figure 2 and Figure 3, the following two high-level observations can be made about Option 4. 
· If an overlap exists between two consecutive RVs in the circular buffer, then such overlap decreases as the TBS decreases.
· If, conversely, a gap exists between two consecutive RVs in the circular buffer, then such gap increases as the TBS grows.
This highlights a very important high-level reason why Option 3 provides more advantages than Option 4. Indeed, Option 4 shows limitation in case the ratio between TBS and G0 exceeds a certain threshold. Rate-matching a larger TBS, determined by the resource across many slots, into the resource of a single slot may lead to the scenario where the effective coding rate of the self-decodable redundancy versions (i.e., RV0 and RV3) becomes too high. This is because a lot of systematic and parity bits have to be punctured to match the resources of one PUSCH segment. In some extreme cases, the effective coding rate could even be equal to 1, which may make these self-decodable RVs being non-self-decodable. This issue degrades the performance and may cause the whole codeword being undecodable if too many systematic and parity bits are punctured. An example of this issue can be observed in Figure 3, wherein G0 is smaller than the TBS. Hence, the effective coding rate of the self-decodable redundancy version RV0 is equal to 1, making it non-self-decodable. It is important to observe that this can never happen if Option 3 is used, as shown in Figure 2.
Regardless of which option for TBoMS is retained, we observe that rate-matching per slot would also yield friendlier implementations at both UE and gNB as a by-product.
From the above analysis, we propose the following:
[bookmark: _Toc79162416]Proposal 2. For definition of a single TBoMS, Option 3 should be adopted, i.e., the TB is transmitted using a single RV.

Time-domain resource allocation
Resource allocation is clearly a fundamental cornerstone for defining the TBoMS feature. This aspect is prerequisite for TBS determination for TBoMS, which is defined based on the resource across multiple slots. Discussions and agreements on this aspect must be prioritized. In RAN1 #105-e meeting, the following agreements were made for time-domain resource allocation (TDRA) of TBoMS:
	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.


TBoMS vs PUSCH repetition
Let us firstly clarify our understanding on the “repetition-type-A-like TDRA” terminology. In RAN1 #104-e, it was agreed that “repetition-type-A-like TDRA” means “the number of allocated symbols is the same in each slot”. In other words, the time domain resource determination of TBoMS could satisfy similar constraints as the ones specified for PUSCH repetition type A, in terms of how many symbols can be allocated per slot for TBoMS. However, this option does not have any further implication on other aspects of the feature, e.g., TB to RE mapping, rate-matching, interleaving, RV and so on. The reason is very simple. TBoMS is not an enhancement of PUSCH repetition type A feature, and neither it was studied as such during the SI (i.e., the features have always been kept and studied separately). If TBoMS could be seen and modeled as an enhancement of PUSCH repetition type A, then it would have been added under the bullet point “Specify the following mechanisms for enhancements on PUSCH repetition type A [RAN1]” in the WID. This did not happen. Now, since TBoMS is completely an independent feature, RAN1 should not link any design aspects of PUSCH repetition type A to TBoMS, including TDRA.  
[bookmark: _Toc79162417]Proposal 3. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of PUSCH repetition type A, regardless of how time domain resource determination is indicated. 

Optimization of S slots and non-consecutive physical slots
Concerning the FFS point on whether optimizations for time domain resource determination are necessary for allocating resource in the S slots (for the unpaired spectrum case), we have the following observations:
· Technically speaking, S slot could already be used by TBoMS using PUSCH mapping type B and PUSCH repetition type-A-like TDRA. Indeed, a PUSCH segment with the number of UL symbols in the special slots and the same time-domain allocation for the PUSCH segments in the next UL slots can be used. Although, the maximum supportable TBS may be insufficient in this case given that the PUSCH segments are typically short in this case.
· Since TBoMS can be transmitted over non-consecutive physical slots for UL transmission at least for the unpaired spectrum case, the impact of the resources available in the S slots on TBS determination does not seem significant, albeit possibly non-negligible for some corner cases.
· Any optimization on time domain resource determination for allocating resource in the S slots would be against the intention of the agreements made in RAN1 #105-e and RAN1 #104-e, given that this result in a different number of allocated symbols between S and U slots.
· Optimization on time domain resource determination for allocating resource in the S slots could lead to discussion on further optimization for DMRS symbol allocation, which is unnecessary and should be avoided. In contrast, it is obvious that DMRS symbol allocation optimization is not needed if the definition of PUSCH repetition type-A-like TDRA is applied as it is.  
From the above observations, it seems more reasonable no to consider optimizations targeting time domain resource determination for allocating resource in the S slots. Therefore, we propose the following:
[bookmark: _Toc79162418]Proposal 4. Optimizations on time domain resource determination for allocating resource in the S slots is deprioritized.
DMRS optimization for TBoMS is deprioritized in Rel-17.

[bookmark: _Ref78819095]Number of slots allocated for TBoMS
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. One aspect that needs clarification from the above agreement is related to whether the number of slots indicates the number of consecutive physical slots or number of available slots. Although both options should work for TBoMS, counting the number of slots for TBoMS based on available slots is preferred, due to the following reasons:
· The progress made in AI 8.8.1.1 for counting available slots for PUSCH repetition type A can be exploited and straightforwardly reused for TBoMS, although RAN1 should avoid repeating the discussion again for TBoMS.
· Counting based on the available slots helps keep the number of configurable values reasonably low, while guaranteeing that that enough slots for TBoMS are always configurable. This implies that a larger number of different SLIV values can be mapped to each configurable number of slots allocated for TBoMS. This increases scheduler flexibility at gNB and provides a more effective tool for configuring TBoMS. As a by-product, this could also simplify discussions on the mapping between SLIV values and configurable number of slots.
· Counting available slots show advantages for the determination of the scaling factor K for Ninfo calculation, given existing agreements. This aspect will be discussed in larger detail in Section 2.3. Some implications can however be identified here, for the sake of completeness: 
· Any indication UE receives for the number of allocated slots can be used “as is” to determine the TBS, with no ambiguity or need for further rules to be specified. 
· Conversely, counting based on physical consecutive slots exposes gNB and UE to possible mismatches between the actual number of available slots within the configured physical consecutive slots indicated via DCI and the scaling factor K. Indeed, in some instances K could be larger than the number of available slots, due to aspects such as collision handling, UCI multiplexing and so on. Not only this would yield performance degradation, but also would force gNB to configure only very conservative values of K to minimize the mismatch probability. This would be quite detrimental for the max TBS which could be supported in practice by TBoMS (regardless of the theoretical limitation given by the PUSCH resource in the allocated slots), and may also force RAN1 to define additional rules to ensure no configuration mismatch can occur.
· In case the scaling factor K is lower than the number of allocated slots, an additional signaling to indicate K to UE via DCI would be necessary. In case of counting based on physical consecutive slots, the overhead due to this signaling may easily be as large as the overhead of the TDRA information field, i.e., 4 bits. Not only this would double the overall overhead related to TDRA in the DCI, but also would entail an overall DCI payload size increase which could easily be up to 10%. The extent of such payload size increase would be smaller (e.g., halved) in case of counting based on available slots.
From the above observations, we propose the following:
[bookmark: _Toc79162419]Proposal 5. The number of slots allocated for TBoMS is counted based on the available slots.
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 many slots for TBoMS is unclear. Moreover, with the number of slots allocated for TBoMS is counted on available slots, these candidate numbers should be sufficient for TBoMS. 
[bookmark: _Toc79162420]Proposal 6. 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.
[bookmark: _Ref78820483]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 fact, for TBS determination, the UE only needs a specific number (of slots) for calculation. This number should be correctly indicated to the UE. From the calculation procedure perspective, it is not important if the number is the number of allocated slots or the number of slots over which the TBoMS is performed. However, for TBS determination of TBoMS, it is essential to make sure that TBS is correctly calculated based on the resource that is used to convey it, especially in unpaired spectrum band. Therefore, we foresee the following two possibilities for the determination of K depending on how the number of slots allocated for TBoMS (denoted by ) is counted:
Option 1:  is counted based on the available slots. K = , which is RRC configured as discussed in Section 2.2.3.
Option 2:  is counted based on consecutive physical slots. K can be less than  since K should reflect the number of slots that is actually used for TBoMS transmission. In theory, K can be implicitly deduced from  by the UE. However, this may lead to potential discrepancy on counting K, which should be avoided. Therefore, with this option K should be indicated by the gNB.
From the above two options, it can be observed that Option 1 would provide a cleaner approach for determining K with less specification impact compared to the counterpart. Therefore, we propose the following:
[bookmark: _Toc79162421]Proposal 7. For Ninfo calculation, NRE is scaled by K, where K equals the number of slots allocated for TBoMS counted based on the available UL slots.
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 experiences. 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 extend the TDRA table. TBoMS is applied 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 requires the extension of TDRA field. Therefore, it still suffers from the drawback of extending DCI payload. Otherwise, the flexibility of TDRA is reduced.
From the above discussion, it can be observed that each option has pros and cons, which need further discussion in RAN1.
[bookmark: _Toc68630594][bookmark: _Toc79162422]Proposal 8. 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. If a TOT is one slot, RAN1 can avoid specifying the concept of TOT. Otherwise, the concept of TOT has to be specified and aspects related to signal generation, e.g. rate-matching, power control, etc., also need to be discussed/specified.
Observation 2. Rate-matching per TOT or per TBoMS may introduce significant specification and implementation impact, including at least aspects related to collision handling and interleaver design.
Observation 3. If a TOT consists of one slot, then similar handling as Rel-16 can be applied at least for power control.
Observation 4. If rate-matching is done per slot, then similar handling as Rel-16 can be applied at least for UCI multiplexing, and more generally collision handling.
Observation 5. If rate-matching is performed per slot, Option 3 can be modeled as rate-matching with different RVs, where the starting of an RV in the circular buffer is the ending of the preceding RV, i.e., back-to-back RVs allocation.
In addition, the following proposals have been made:
Proposal 1. The following definition of transmission occasion for TBoMS (TOT) and approach for rate-matching for TBoMS is supported:
· A TOT is one slot and rate-matching is performed per slot.
Proposal 2. For definition of a single TBoMS, Option 3 should be adopted, i.e., the TB is transmitted using a single RV.
Proposal 3. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of PUSCH repetition type A, regardless of how time domain resource determination is indicated.
Proposal 4. Optimizations on time domain resource determination for allocating resource in the S slots is deprioritized.
DMRS optimization for TBoMS is deprioritized in Rel-17.
Proposal 5. The number of slots allocated for TBoMS is counted based on the available slots.
Proposal 6. 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 7. For Ninfo calculation, NRE is scaled by K, where K equals the number of slots allocated for TBoMS counted based on the available UL slots.
Proposal 8. RAN1 to specify an indication method for enabling TBoMS transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method.
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