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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#104-bis-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#104-bis-e meeting, the following agreements were made:
	Agreement:
Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 
· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.



	Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots
· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions
· FFS: other details. 
· FFS: whether such concept will be specified or not.



	Agreements:
For the definition of a single TBoMS, down select among the following options:
Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 
· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.
Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.
· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 
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. 


From the above agreement, time-domain resource allocation and rate-matching for a single TBoMS were jointly discussed. Four options were identified to cover all possible definitions of a single TBoMS. Considering the heterogeneous views from companies on these two important aspects, it is essential to down-select only one option among the four options so that RAN1 can have a common and unique understanding on a single TBoMS.
[bookmark: _Toc71651750]Proposal 1. For the definition of a single TBoMS, RAN1 strives to down-select only one from the four identified options for the sake of progress.

Analyzing the options based on different hypotheses on TOT
Before discussing on which option should be selected, the following two observations on the agreement can be made:
1. The definition of a single TBoMS in each option depends on how a transmission occasion for TBoMS (TOT) is defined.
· Case 1: Multiple slots which constitute a TOT are non-consecutive physical slots.
· Case 2: Multiple slots which constitute a TOT are consecutive physical slots.
2. The four options can be grouped into two main groups depending on how rate-matching is performed. 
· Group A: Rate-matching using a single RV, i.e., Options 1 and 3 
· Group B: Rate-matching using different RVs, i.e., Options 2 and 4.
Based on the above observations we herein discuss the four options firstly based on the two hypotheses on the definition of a TOT (i.e. Case 1 and Case 2) and secondly based on the two groups of options listed above.
Case 1: Multiple slots which constitute a TOT are non-consecutive physical slots
[image: ]
[bookmark: _Ref71190020]Figure 1. Comparison between Options 1 and 3 when a TOT is constituted of non-consecutive physical slots.
The main difference between Option 1 and Option 3 is that Option 3 allows using multiple TOTs for a single TBoMS. In Case 1, when Options 1 and 3 use the same rate-matching approach, they can be considered as identical, as illustrated in Figure 1. The only scenario wherein these two options can be considered as different when using similar rate-matching approach is when RV index is refreshed for each TOT, which is only available for Option 3. However, this version of Option 3 can be considered as a re-transmission of the TB on each TOT and can arguably be classified as out of scope for the definition of a single TB transmission.
[bookmark: _Toc71651716]Observation 1. In case multiple slots which constitute a TOT are non-consecutive physical slots, Options 1 and 3 are identical when the same rate-matching approach is used. 
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[bookmark: _Ref71191882]Figure 2. Comparison between Options 2 and 4 when a TOT is constituted of non-consecutive physical slots.
Similar to the case for Options 1 and 3, the main difference between Options 2 and 4 is also that Option 4 allows using multiple TOTs for a single TBoMS. In Case 1, when Options 2 and 4 use the same rate-matching approach, they can be considered as identical, as illustrated in Figure 2 wherein both options consider refreshing the RV index at every jump between two non-contiguous resources. The only scenario wherein these two options can be considered as different when using similar rate-matching approach is when RV index is refreshed for each TOT (i.e., the RV indices are cycled within one TOT and the cycling is repeated across the TOTs), which is only available for Option 4. However, this version of Option 3 can be considered as a re-transmission of the TB on each TOT and can arguably be classified as out of scope for the definition of a single TB transmission.
[bookmark: _Toc71651717]Observation 2. In case multiple slots which constitute a TOT are non-consecutive physical slots, Options 2 and 4 are identical when the same rate-matching approach is used. 
Case 2: Multiple slots which constitute a TOT are consecutive physical slots
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[bookmark: _Ref71206952]Figure 3. Comparison between Options 1 and 3 when a TOT is constituted of consecutive physical slots.
In contrast to Case 1, the four options are totally different in Case 2, which facilitates the down-selection. Indeed, as illustrated in Figure 3, Options 1 and 3 are different even if continuous rate-matching across the TOT(s) is used. For Option 1, the non-consecutive available UL resources can be used for repeating the TBoMS. However, this may be the subject of a separate discussion, if applicable, and again can arguably be classified as out of scope for the definition of a single TB transmission. From the illustration above, it can be observed that Option 3 is superior to Option 1 in Case 2 because of the following reasons:
· One of the main objectives of TBoMS is to reduce allocated resource in frequency domain to increase EPRE, while compensating the frequency domain resource allocation by increasing the amount of allocated resource in time domain. In this context, performing a TBoMS over only one TOT constituted of consecutive physical slots significantly reduces the possible TBS values supported by TBoMS. This may defeat the purpose of the whole feature. Indeed, performing a TBoMS over only one TOT would entail the existence of a hard-coded TBS limitation for TBoMS in practice. This would strongly limit the flexibility of the scheduler operation and decisions at gNB and may enforce on the latter very structured behaviors which go against good engineering practice.
· Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum as per the agreement in RAN1#104-bis-e.
· There is no guarantee that repetition of a single TBoMS will be agreed and the available non-consecutive UL resources can be used effectively for TBoMS in Option 1.
[bookmark: _Toc71651718]Observation 3. In case multiple slots which constitute a TOT are consecutive physical slots, Options 1 and 3 are different even if the same rate-matching approach is used for both Options. Option 3 is superior to Option 1 in both feature design and progress of RAN1 discussion perspectives.
[image: ]
Figure 4. Comparison between Options 2 and 4 when a TOT is constituted of consecutive physical slots.
Similar to the case for Options 1 and 3, Options 2 and 4 are also different in Case 2. For Option 2, the non-consecutive available UL resources can be used for repeating the TBoMS. In that case, if one RV index is applied per TOT and repetition of a single TBoMS is used with RV cycling, then Option 2 is like Option 4. However, this may again be the subject of a separate discussion, if applicable, and can arguably be classified as out of scope for the definition of a single TB transmission. In addition, the above reasons for selecting Option 3 against Option 1 are still applicable when comparing Options 2 and 4, i.e., Option 4 is preferable in this group.
[bookmark: _Toc71651719]Observation 4. In case multiple slots which constitute a TOT are consecutive physical slots, Options 2 and 4 are different even if the same rate-matching approach is used for both Options. Option 4 is superior to Option 2 in both feature design and progress of RAN1 discussion perspectives.
From the above analyses and observations, it can be concluded that, regardless of whether Case 1 or Case 2 applies, only Option 3 and Option 4 should be retained for further down-selection.
[bookmark: _Toc71651751]Proposal 2. For definition of a single TBoMS, Option 3 and Option 4 are retained for further down-selection regardless of whether a TOT is constituted of consecutive or non-consecutive physical slots. 
Now, for down-selection between Case 1 and Case 2 for the definition of a TOT, we have the following observations:
1. If we assume that a TOT could be 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.
1. If we assume that a TOT could be more than one consecutive physical slot and rate-matching is done per slot, then we could have similar handling as Rel-16 at least for UCI multiplexing, and more generally collision handling. Only power control aspects would need to be worked out.
From the above observations, defining a TOT as one slot (or several consecutive physical slot, although less preferable) could minimize specification efforts in many aspects. Such definition can only be supported under Case 2. Therefore, for the definition of a TOT we propose the following.
[bookmark: _Toc71651752]Proposal 3. For the definition of a transmission occasion for TBoMS (TOT), a TOT is constituted by one slot or several consecutive physical slots.

Down-selection from the identified options
In this section, we discuss the down-selection between Option 3 and Option 4. The main 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 5 and denote by PUSCH 0, PUSCH 1, and PUSCH 2, the three PUSCHs (or TOTs) of 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 5. An example of time-domain resource allocation for a single TBoMS.
Figure 6 and Figure 7 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 has an implication on the overlaps/gaps which may or may not exist between different RVs in the circular buffer.
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[bookmark: _Ref68085186]Figure 6. Illustration of rate-matching in Option 3 for a single TBoMS assuming PUSCH allocation in Figure 5.
In Figure 6, for Option 3, G bits are extracted from the circular buffer using RV0 and split into G0, G1, G2 bits so that they are conveyed on the resource of PUSCH 0, 1, and 2, respectively. Considering rate-matching is performed per slot, Option 3 can be considered as rate-matching with different RVs, however the starting of an RV in the circular buffer is the ending of the preceding RV, i.e., back-to-back RVs allocation. 
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[bookmark: _Ref71217346]Figure 7. Illustration of rate-matching in Option 4 for a single TBoMS assuming PUSCH allocation in Figure 5.
In Figure 7, 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 6 and Figure 7, the following two high-level observations can be made. 
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 first, but 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 PUSCH bundles, into the resource of a single PUSCH bundle 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 due to the fact that 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 7, 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 6.
In addition, Option 3 is more suitable for supporting the use of CBGs, if applicable, given that only a single RV is used in Option 3. Instead of having a CBG spread across all PUSCH bundles as in Option 4, Option 3 can keep a CBG to be transmitted on a certain PUSCH bundle, which makes the concept of retransmitting only a CBG instead of the whole TB still applicable for TBoMS. This shows that Option 3 may also be more forward looking and future proof, should code-block segmentation for TBoMS be needed, while not sacrificing performance if code-block segmentation for TBoMS is not needed/agreed.
Finally, and regardless of the definition of a TOT and 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: _Toc71651753]Proposal 4. For definition of a single TBoMS, Option 3 should be adopted and rate-matching for TBoMS is to be performed per slot.

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#104-e meeting, an agreement was made on frequency domain resource allocation (FDRA) of TBoMS such that the same number of PRBs per symbol is allocated across slots for TBoMS transmission. This agreement should be sufficient for FDRA. However, concerning the time-domain resource allocation (TDRA) of TBoMS, there are still open issues that cannot reach consensus in RAN1#104-bis-e meeting and are expected to be resolved in the upcoming RAN1#105-e meeting.

The following agreement was made in RAN1#104-e:
	Agreement:
· Consider one or two of the following options as starting points to design time domain resource determination of TBoMS
· PUSCH repetition type A like TDRA, i.e., the number of allocated symbols is the same in each slot.
· PUSCH repetition type B like TDRA, i.e., the number of allocated symbols in each slot can be different



It can be observed from the discussions in RAN1#104-e meeting that the wording “PUSCH repetition-type-A-like or type-B-like TDRA” might have caused some confusions or misunderstanding on the above two options for the TDRA indication of TBoMS. Therefore, we herein would like to share our understanding and views on the above two options:
· TDRA Option 1 (the number of allocated symbols is the same in each slot): This option simply says that 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. This is the reason why this option was referred to as repetition-type-A-like TDRA. 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.  
· TDRA Option 2 (the number of allocated symbols in each slot can be different): This option simply says that the time domain resource determination of TBoMS could satisfy similar constraints as the ones specified for PUSCH repetition type B, in terms of how many symbols can be allocated per slot, or across slots, for TBoMS. In other words, this option does not introduce any constraint on the TDRA of TBoMS in terms of number of symbols per slot (which could vary across slots) or on the total number of allocated symbols across slots (which could be different from a number of symbols per slot multiplied by the number of slots). Since the TDRA of PUSCH repetition type B also does not have such constraints, then it seemed natural to label it repetition-type-B-like TDRA. However, this 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. In this regard, it is worth remarking again that if this option is adopted for TDRA of TBoMS, this does imply that a relationship exists between how transmission of TBoMS and PUSCH repetition type B are performed by UE.
We herein do not discuss about how the TDRA is indicated for the two options above for the sake of brevity. Discussion on TDRA indication can be found in our contribution submitted to RAN1#104-e for the same AI [2]. However, since TBoMS is an independent feature, an independent TDRA indication procedure should be specified regardless of which of the above TDRA options is selected.
[bookmark: _Toc71651754]Proposal 5. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of either PUSCH repetition type A or type B, regardless of how time domain resource determination is indicated. 
For the selection of PUSCH repetition type-A-like or type-B-like TDRA and the handling of special slots, we would like to point out the following:
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. However, the maximum supportable TBS may be insufficient in this case given that the PUSCH segments are typically short in this case.
If TBoMS can be transmitted over non-consecutive physical slots for UL transmission, the impact of the resources available in the S slots on TBS determination does not seem significant, albeit possibly non-negligible.
Adding support to type-B-like TDRA for TBoMS may entail non-negligible spec impact, especially considering that the concept of TOT does not coincide with the concept of TO in type-B PUSCH repetitions.
Currently non-consecutive physical slots for UL transmission can be used for TBoMS only for unpaired spectrum. Discussions for paired spectrum and SUL band are still on going.
From the above analysis, it seems more reasonable to prioritize PUSCH repetition type-A-like TDRA and extend the support of non-consecutive physical slots for UL transmission to paired spectrum as well, rather than focusing on whether to support PUSCH repetition type-B-like TDRA and exploiting the S slots. We are open to support type-B-like TDRA for TBoMS once approach based on type-A-like TDRA is finalized. Therefore, we propose the following
[bookmark: _Toc71651755]Proposal 6. For time-domain resource allocation for a single TBoMS, RAN1 to support the number of allocated symbols is the same in each slot. Whether the number of allocated symbols can be different across slots can be further considered after a basic framework on TBoMS is finalized.
[bookmark: _Toc71651756]Proposal 7. RAN1 to further support non-consecutive physical slots for UL transmission for TBoMS in paired spectrum.

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. In case multiple slots which constitute a TOT are non-consecutive physical slots, Options 1 and 3 are identical when the same rate-matching approach is used.
Observation 2. In case multiple slots which constitute a TOT are non-consecutive physical slots, Options 2 and 4 are identical when the same rate-matching approach is used.
Observation 3. In case multiple slots which constitute a TOT are consecutive physical slots, Options 1 and 3 are different even if the same rate-matching approach is used for both Options. Option 3 is superior to Option 1 in both feature design and progress of RAN1 discussion perspectives.
Observation 4. In case multiple slots which constitute a TOT are consecutive physical slots, Options 2 and 4 are different even if the same rate-matching approach is used for both Options. Option 4 is superior to Option 2 in both feature design and progress of RAN1 discussion perspectives.
In addition, the following proposals have been made:
Proposal 1. For the definition of a single TBoMS, RAN1 strives to down-select only one from the four identified options for the sake of progress.
Proposal 2. For definition of a single TBoMS, Option 3 and Option 4 are retained for further down-selection regardless of whether a TOT is constituted of consecutive or non-consecutive physical slots.
Proposal 3. For the definition of a transmission occasion for TBoMS (TOT), a TOT is constituted by one slot or several consecutive physical slots.
Proposal 4. For definition of a single TBoMS, Option 3 should be adopted and rate-matching for TBoMS is to be performed per slot.
Proposal 5. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of either PUSCH repetition type A or type B, regardless of how time domain resource determination is indicated.
Proposal 6. For time-domain resource allocation for a single TBoMS, RAN1 to support the number of allocated symbols is the same in each slot. Whether the number of allocated symbols can be different across slots can be further considered after a basic framework on TBoMS is finalized.
Proposal 7. RAN1 to further support non-consecutive physical slots for UL transmission for TBoMS in paired spectrum.
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