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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-e meeting, potential open issues and the associated specification works for specifying this new feature in Rel-17.
Discussion
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 two open issues that are expected to be resolved in the upcoming RAN1#104b-e meeting.
[bookmark: _Ref68035203]Potential constraint on number of symbols per slot
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 B, 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: _Toc61633959][bookmark: _Toc68630586]Proposal 1. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of neither PUSCH repetition type A nor type B, regardless of how time domain resource determination is indicated. 
[image: ]
[bookmark: _Ref67922993]Figure 1. Illustration of TDRA options for TBoMS.
Figure 1 illustrates the above TDRA Option 1 and Option 2 for TBoMS. For both TDRA options, it can be observed that a TBoMS is transmitted on multiple PUSCH segments (referred to as PUSCH bundles in this document). The only difference between the two options is that there is no limitation on the size of a PUSCH bundle in Option 2. Intuitively, Option 2 allows to better exploit the UL symbols, which is especially useful in coverage shortage situation. It is rather evident this option is fully aligned with the objective of TBoMS, which is exploiting the resource in time-domain to either reduce the occupancy of channel bandwidth (and hence increase the transmit power per resource element and improve the link budget) or reduce the coding rate. It also is worth recalling that, as we discussed above, the selection of TDRA Option 1 or Option 2 is not related to how the encoded bits are mapped on the resource (which, being it a completely different topic, will be discussed in Section 2.3). Therefore, Option 2 should be adopted for TBoMS.
[bookmark: _Toc68630587]Proposal 2. For the time-domain resource allocation of TBoMS, the number of allocated symbols in each slot can be different. The design of time-domain resource allocation for TBoMS should allow the feature to leverage as much as possible the UL resource in time-domain.
The use of non-consecutive physical UL slots
The following agreements were made in RAN1#104-e:
	Agreements:
· Consecutive physical slots for UL transmission can be used for TBoMS for unpaired spectrum 
· To resolve in RAN1#104b-e whether to support non-consecutive physical slots for UL transmission for TBoMS for unpaired spectrum 
· Consecutive physical slots for UL transmission can be used for TBoMS for paired spectrum and the SUL band 
· FFS if non-consecutive physical slots for UL transmission are also supported for paired spectrum and the SUL band



According to the above agreements, consecutive physical slots can be used for TBoMS for both unpaired and paired spectrum including SUL band. However, there is still an open issue concerning whether non-consecutive physical slots can also be used for TBoMS. Before taking a decision on the open issue, one should firstly identify use cases of TBoMS and then analyze whether using non-consecutive physical slots is important for the use cases. In this regard, let us start by pointing out the following two main use cases of TBoMS for improving the coverage:
· Use case A: For a given TBS and number of PRBs, increasing the number of slots over which TB can be transmitted allows to configure a smaller MCS index. Accordingly, the gain brought by transmitting the TB over  instead of  slots, with , comes from the lower experienced coding rate thanks to the smaller MCS index which can be used when a larger number of resources is allocated in the time-domain.
· Use case B: A smaller number of PRBs can be allocated for TBoMS such that the TBS and coding rate is the same as in case of single-slot TB transmission. In this case, link budget gain is achieved thanks to the larger transmit energy per resource element offered by the reduction of occupied frequency resources.
For both use cases, it can be observed that TBoMS manages to increase coverage of PUSCH at the cost of throughput reduction, i.e., throughput is traded for coverage and the more UL symbols are used for TBoMS, the better coverage can be achieved by PUSCH. Therefore, if strong limitations existed in terms of number of slots which can be used for TBoMS, the benefits brought by the adoption of this feature would be highly questionable, especially if spec and implementation impact are also considered. 
From the above observation, it can be deduced that if non-consecutive slots are not supported for TBoMS, the coverage increase this feature can bring is extremely questionable for TDD deployment and its practical relevance very small. In addition, it is worth noting that if non-consecutive slots are not supported for TBoMS, it is even more critical to support TDRA Option 2 in Section 2.1.1, so that the UL symbols in the S slot can be used for TBoMS for some common TDD patterns such as DDDSU. Otherwise, TBoMS cannot be applied for this TDD pattern.
[bookmark: _Toc68630588]Proposal 3. For the time-domain resource allocation of TBoMS, non-consecutive physical slots for UL transmission are also supported for paired spectrum, unpaired spectrum and the SUL band.
[bookmark: _Toc68630589]Proposal 4. For the time-domain resource allocation of TBoMS, if non-consecutive physical slots for UL transmission are not supported for paired spectrum, unpaired spectrum and the SUL band, then PUSCH repetition type B like TDRA must be supported for time domain resource determination.

TBS determination
 calculation
The following agreements were made in RAN1#104-e:
	Agreements:
One or two of the following approaches will be considered as a starting point to decide how NInfo for TBoMS is calculated (aiming for down selection in RAN1 #104-bis-e):
· Approach 1: Based on all REs determined across the symbols or slots (FFS whether symbols or slots are used) over which the TBoMS transmission is allocated
· 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
Note: 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.



First of all, it can be observed that any of the two approaches above should work for both TDRA Options 1 and 2 in Section 2.1.1. The main difference between the two approaches is that Approach 2 allows the number of REs that are used for TBS determination (denoted by ) to be smaller than the number of REs that are actually used for transmitting the TB (denoted by ). 
In this context, the only benefit of using  is to achieve a lower effective coding rate (denoted by ) than the target coding rate indicated by MCS (denoted by ). Indeed, let us denote by  the number of encoded bits that a PUSCH resource can convey, which is also the number of encoded bits that can be extracted from the circular buffer. Then the effective coding rate can be calculated as  where  (the approximation is due to the quantization of TBS), . , , and CRC are the modulation order, number of layers, and number of CRC bits, respectively. Then it can be deduced that 
,
where , which is very small, if not negligible. Hence, it can be observed that with , one may achieve , for a given MCS/#PRBs configuration.
It could be argued that reducing the effective code rate, for a given MCS/#PRBs configuration, would be beneficial in coverage shortage scenarios. This would be in general true if no additional target was considered. As a matter of fact, such additional target exists. Indeed, it is important to recall that a fundamental benefit of TBoMS discussed during SI phase is the fact that TBoMS can be used to convey larger TB, as compared to the single slot TB transmission. This characteristic of TBoMS can reduce, if not completely null, the inefficiencies brought by upper layer header overhead and better exploit LDPC coding gain for block size up to 1000-2000 bits (i.e., a relatively large TBS). Using all resource elements in the allocated resource for TBoMS for TBS determination, i.e., as per Approach 1 above, would then allow to support such TBS values (and others, if needed, of course). This could only increase the flexibility of the feature and its applicability in many scenarios. Smaller effective coding rate could then be achieved by reducing configured MCS index and, whenever MCS indices in MCS Table 1 (64qam) are not sufficient, by using MSC Table 3 (64qam_lowSE) in conjunction with TBoMS. This would allow gNB to both enjoy more flexibility in terms of maximum supported TBS by TBoMS, thanks to the adoption of Approach 1, while also experiencing very low effective coding rates thanks to a much lower minimum coding rate which could be configured via MCS Table 3, if needed. This would also have the non-negligible advantage of requiring small (if not zero) specification effort. 
From the above analysis, we propose the following:
[bookmark: _Toc68630590]Proposal 5. NInfo for TBoMS is calculated based on all REs determined across the symbols over which the TBoMS transmission is allocated.

calculation
	Agreements:
One or two of the following options will be considered (aiming for down-selection in RAN1#104b-e) to calculate NohPRB for TBoMS:
· Option 1: NohPRB is assumed to be the same for all the slots over which the TBoMS transmission is allocated and can be configured by xOverhead as in Rel-15/16.
· Option 2: NohPRB is calculated depending on both xOverhead and the number of symbols or slots (FFS whether symbol or slot are used) over which the TBoMS transmission is allocated.
· FFS: if either the number of symbols or the number of slots is used. 
· FFS: if xOverhead is separately configured from the one in Rel-15/16.
FFS: impacts and further details if repetitions of TBoMS is supported.
FFS: whether the symbols allocated over which the TBoMS transmission is allocated are the same or can be different from the symbols over which the TBoMS transmission is performed.



It is our understanding that the intention of defining the above Option 1 and Option 2 for calculation is to match them one-by-one with the TDRA Option 1 and Option 2 in Section 2.1.1. On the other hand, we are not sure this differentiation is needed.
Indeed, if we assume the adoption of TDRA Option 1, then the number of allocated symbols for TBoMS is the same in each slot. Then it would seem reasonable to assume to be the same for all the slots over which the TBoMS transmission is allocated, as per Option 1 for . Conversely, if we assume the adoption of TDRA Option 2, then the number of allocated symbols in each slot could be different. In this case, then Option 2 for calculation would seem more suitable. 
However, if we focus on the actual wording of both Options, we notice that 
Both Options refer to the slots over which the TBoMS transmission is allocated.
Option 2 for  includes the use of “symbols or slots” to calculate . 
Now, according to legacy operations, xOverhead is configured per slot. Hence, regardless of the TDRA option which RAN1 will agree upon, this value should always be scaled to account for the overhead over multiple slots (either by the number of slots, as per Option 1 for , or by the number symbols/slots, as per Option 2 for ). In other words, even with TDRA Option 1, xOverhead still needs to be scaled by, e.g., the number of slots used for calculating  for TBoMS, i.e., “ should be calculated depending on both xOverhead and the number of symbols or slots”. 
Consequently, it can be argued that Option 2 includes Option 1 as well. Option 2 should then be adopted for calculation and the choice RAN1 should make is on the way xOverhead is used for calculating , i.e., either using only the number of slots (as per “former” Option 1 for , and one of the two alternatives of “former” Option 2), or using only the number of symbols (as per the other alternative of “former” Option 2 for ).
[bookmark: _Toc68630591]Proposal 6. For calculation for TBoMS, consider only Option 2, which also includes Option 1 (if the number of slots is used together with xOverhead to calculate ), and focus the discussion on whether the number of slots or symbols should be used to calculate .
As we discussed in Section 2.1.1, our preference for time domain resource determination for TBoMS is TDRA Option 2. We then propose a simple way to calculate  for this TDRA option, for consistency in the following. Such simple approach would be to consider that the overhead for TBoMS is counted for the allocated REs. A natural consequence would then be to associate it with the actual number of PUSCH symbols that are allocated for multi-slot TB transmission, which may also be alternatively represented in actual number of slots allocated for multi-slot TB transmission. Suitable scaling of xOverhead with the resources allocated to the multi-slot TB transmission could be identified. For example, one can configure xOverhead for 14 symbols, then the total number of allocated symbols for TBoMS is divided by 14, and the result is then used to scale the configured xOverhead and achieve . Alternatively, different values of xOverhead could be defined and configured for different number of actual PUSCH symbols/slots.
[bookmark: _Toc68630592]Proposal 7. For calculation for TBoMS,  is calculated depending on both xOverhead and the number of symbols over which the TBoMS transmission is allocated.
[bookmark: _Ref67993816]Rate-matching the encoded bits on the resource across multiple slots
After resource allocation procedure for TBoMS is defined and the TBS is determined based on the allocated resource, another key aspect that has to be defined for TBoMS is how to map/rate-match the encoded bits on the allocated resource across multiple slots. From the discussions in RAN1#104-e meeting, the following two options can be identified:
· Option 1: The encoded bits of the large TBS of TBoMS is rate-matched on each bundle of consecutive PUSCH symbols and redundancy versions (RVs) are cycled across the bundles.
· Option 2: The encoded bits of the large TBS of TBoMS is rate-matched on the total resource allocated for TBoMS across all bundles of consecutive PUSCH symbols.
To illustrate the above two options, let us take the example of TDRA Option 2 in Figure 1 and denote by PUSCH 0, PUSCH 1, and PUSCH 2, the three PUSCH bundles as shown in Figure 2. Option 2 is chosen for this example for consistency with the preference we expressed in Section 2.1.1. However, it should be noted that the same logics applies to Option 1. An example for this Option will not be provided for the sake of brevity. 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: _Ref68081829]Figure 2. Illustration of multiple bundles of consecutive PUSCH symbols for TBoMS.
Figure 3 illustrates the above two options for mapping/rate-matching the encoded bits on the allocated resource across multiple slots for TBoMS, assuming LDPC base graph 2 and PUSCH allocation in Figure 2. 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. Consider Figure 3. Therein, the legacy Rel-15/16 RVs allocation is used for Option 1 and RV0, RV2, and RV3 are assumed for PUSCH 0, PUSCH 1 and PUSCH 2, respectively. Conversely, for Option 2, 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. 
[image: ]
[bookmark: _Ref68085186]Figure 3. Illustration of rate-matching Option 1 and Option 2 for TBoMS assuming LDPC base graph 2 and PUSCH allocation in Figure 2, limited buffer rate-matching is not considered.
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 3, 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 grows 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 2 provides more advantages than Option 1. Indeed, Option 1 shows limitation in case a larger TBS is considered. 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 with 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 is illustrated in Figure 4, wherein G0 is smaller than the TBS. Hence, the effective coding rate of the self-decodable redundancy versions RV0 is equal to 1, making them non-self-decodable. It is important to observe that this can never happen if Option 2 is used.

[image: ]
[bookmark: _Ref68122640]Figure 4. Illustration of rate-matching Option 1 for TBoMS assuming LDPC base graph 2 and PUSCH allocation as in TDRA Option 1 illustrated in Figure 1, limited buffer rate-matching is not considered.
Additional observations which highlight superiority of Option 2 over Option 1 follow:
· Option 1 requires more decoding attempts: Assuming consecutive physical slots are used for TBoMS, the receiver only needs to decode once with Option 2, hence saving power and latency of decoding when the TB has multiple code blocks. In contrast, Option 1 may require the decoding on each PUSCH bundle.
· Option 2 is more robust in case small number of PUSCH bundles: Option 1 uses multiple RVs with small sizes, and small interleaving block is applied per RV after rate-matching. Therefore, if the number of PUSCH bundles for TBoMS is less than 5 (i.e., the same RV is not used more than once), if at least one of the PUSCHs associated with the self-decodable RVs are dropped (e.g., due to overlapping with high priority channel or UL CI, etc.), then it may not be possible to decode the TBoMS. In contrast, Option 2 uses a large interleaving block with single RV to spread the systematic bits across all PUSCH bundles for TBoMS. Therefore, even if one bundle is dropped, the decoding is still possible. 
· Option 2 is more suitable for supporting the use of CBGs: Since a single RV is used in Option 2, it makes this option being more suitable for supporting the CBGs concept. Indeed, instead of having a CBG spread across all PUSCH bundles as in Option 1, Option 2 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.
From the above analysis, we propose the following:
[bookmark: _Toc68630593]Proposal 8. For rate-matching the encoded bits on the resource across multiple slots for TBoMS, the encoded bits are rate-matched on the total resource allocated for TBoMS across multiple slots.

Indication method for enabling TBoMS
To distinguish between multi-slot TB and the legacy single-slot TB transmission, the indication method should be applied per PUSCH scheduling/configuration. Two main options are identified:
· Option 1: Introducing a new field in the scheduling DCI (or an RRC parameter in case of configured grant) 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 whichmay 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). 
· Option 2: Reusing some available field in the DCI (or an RRC parameter in case of configured grant) for triggering the feature. For example, some rows in the TDRA table can be implicitly associated with TBoMS transmission and selected by TDRA field in the DCI. This option could limit the scheduling flexibility unless the TDRA table is extended. 
From the above discussion, it can be observed that each option has pros and cons and their applicability may depend on how the time-domain resource is indicated and determined, which needs further discussion in RAN1.
[bookmark: _Toc68630594]Proposal 9. RAN1 to specify an indication method for enabling multi-slot TB transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method, including introducing a new field or reusing the available field in the scheduling DCI (or RRC parameter in case of configured grant configuration), e.g. some rows in the TDRA table are used to configure for multi-slot TB transmission.

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. TBoMS transmission is beneficial when the throughput is traded for coverage and the more UL symbols that are used for TBoMS the better coverage that can be achieved.
In addition, the following proposals have been made:
Proposal 1. RAN1 should specify TBoMS as an independent feature according to WID. It should not be considered as an enhancement of neither PUSCH repetition type A nor type B, regardless of how time domain resource determination is indicated.
Proposal 2. For the time-domain resource allocation of TBoMS, the number of allocated symbols in each slot can be different. The design of time-domain resource allocation for TBoMS should allow the feature to leverage as much as possible the UL resource in time-domain.
Proposal 3. For the time-domain resource allocation of TBoMS, non-consecutive physical slots for UL transmission are also supported for paired spectrum, unpaired spectrum and the SUL band.
Proposal 4. For the time-domain resource allocation of TBoMS, if non-consecutive physical slots for UL transmission are not supported for paired spectrum, unpaired spectrum and the SUL band, then PUSCH repetition type B like TDRA must be supported for time domain resource determination.
Proposal 5. NInfo for TBoMS is calculated based on all REs determined across the symbols over which the TBoMS transmission is allocated.
Proposal 6. For calculation for TBoMS, consider only Option 2, which also includes Option 1 (if the number of slots is used together with xOverhead to calculate ), and focus the discussion on whether the number of slots or symbols should be used to calculate .
Proposal 7. For calculation for TBoMS,  is calculated depending on both xOverhead and the number of symbols over which the TBoMS transmission is allocated.
Proposal 8. For rate-matching the encoded bits on the resource across multiple slots for TBoMS, the encoded bits are rate-matched on the total resource allocated for TBoMS across multiple slots.
Proposal 9. RAN1 to specify an indication method for enabling multi-slot TB transmission per PUSCH scheduling/configuration.
· FFS: Details of the indication method, including introducing a new field or reusing the available field in the scheduling DCI (or RRC parameter in case of configured grant configuration), e.g. some rows in the TDRA table are used to configure for multi-slot TB transmission.
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