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[bookmark: _Ref521334010]Introduction
In RAN#90-e, a new Rel-17 WI on NR coverage enhancements was approved, which is further updated in RAN#92-e [1]. For PUSCH enhancement, one direction is to transmit one TB over multi-slot PUSCH, namely TBoMS:
	· Specification of PUSCH enhancements [RAN1, RAN4]
…
· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]
· TBS determined based on multiple slots and transmitted over multiple slots. 


To enable TBoMS in NR, essential issues should be tackled, including TDRA, FDRA, TBS determination, coexistence with current scheme, etc. In RAN1#104bis-e and RAN1#105-e, several high-level agreements were reached [2][3]. In this contribution, we discuss these aspects on the mechanism of TB processing over multi-slot PUSCH, on the basis of previous progress.

Discussion
Time domain resource allocation
Regarding to the TDRA of TBoMS, the following WA and agreements were achieved in RAN1#105-e [3].
	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.
Agreement:
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.


It was agreed that PUSCH repetition type A like TDRA is adopted for TBoMS. Also, companies have realized that allocating resources in the special slot in TDD is possible according to the agreed time domain resource determination method. Hence, the main objective of TBoMS, i.e. extending time domain resource across multiple slots for a TB is already achieved in both paired and unpaired spectrum. It seems no strong need to further consider optimization of time domain resource determination in S slot in the unpaired spectrum.
Observation 1: There is no strong need to further consider optimization of time domain resource determination in S slot in the unpaired spectrum.
Furthermore, it was agreed that the number of slots allocated for TBoMS is determined by using a row index of a TDRA list, which is configured via RRC. Currently, a TDRA list consists of several TDRA entries. In each TDRA entry, a SLIV is used to indicate the allocated OFDM symbol within a slot. Since it was agreed that repetition type A like TDRA is applied, the indication of allocated slots seems to be the only missing piece for time domain resource allocation for TBoMS.
Hence, the most straightforward way is to introduce a RRC IE in the TDRA entry, which denotes the number of slots allocated for TBoMS, in addition to the SLIV. The configurable set of values can be further studied. Another possible way is to reuse the current RRC IE numberOfRepetitions for repetition number indication to denote the number of slots allocated for TBoMS, but the applicability depends on whether repetition can be used along with TBoMS.
Proposal 1: For time domain resource allocation of TBoMS, a new IE is introduced in the TDRA entry to indicate the number of allocated slots for TBoMS.
· FFS the configurable set of values for the number of slots.

[bookmark: _Ref78555400]Rate-matching for TBoMS
Regarding to the rate-matching of TBoMS, the following agreement was reached in RAN1#105-e [3]
	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
Note: “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)


Rate-matching is important to the actual generated signal and the decoding performance. The unit of bit selection in time domain directly impacts the transmission of the systematic bits from the coded bits. Figure 1 shows an example on how the coded bits are selected by different options. 
[image: ]
[bookmark: _Ref78473290]Figure 1 Illustration of rate-matching of different options.
Comparing the above options, we have the following observations:
· Option c: This option (with single RV) should be an ideal design thanks to the uniform coded bit distribution. Also, it naturally overcomes the issue that the systematic bits are not transmitted completely within a TBoMS, regardless of the coding rate. 
· Option a: This option is similar to the repetition mechanism in NR. But unlike the repetition case, this option has the risk that the TBoMS cannot transmit total systematic bits. For the repetition case, the TBS is calculated based on the number of REs within a slot and a coding rate smaller than 1, and thus all the systematic bits can be delivered within a slot. While for the TBoMS case, the TBS is calculated based on the number of REs of multiple allocated slots, so it is possible that the total systematic bits cannot be delivered by one slot. Especially for the case if single RV is adopted by TBoMS, it will be difficult to transmit all systematic bits within a slot, and repeating such single slot does not make the TBoMS self-decodable.
· Option b: This option is a compromise between Option c and Option a. However, whether all the systematic bits can be completely transmitted or not depends on the division of TOT within the TBoMS and the coding rate. This option may still lose systematic bits in some cases.
From the above analysis, we can see that Option c out-performs the other options from view of theoretic performance, and should be the first preference. However, Option c may have the highest implementation complexity since the UE must store the location of transmitted bits when crossing the boundary of TOTs, i.e. non-consecutive slots. Hence, Option b is also considerable, if the issue of loss of systematic bits can be tackled.
Proposal 2: For rate-matching for TBoMS, at least Option c is supported, i.e. rate matching is performed continuously across all the allocated slots/TOTs for TBoMS.
· FFS whether/how to additionally support Option b, i.e. rate matching is performed continuously across all the allocated slot(s) per TOT.

Single TBoMS structure
Regarding to the structure of TBoMS, the following WA and agreement were achieved in RAN1#105-e [3].
	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.
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. 


Based on the above definition, a TOT is constituted of at least one slot or multiplex consecutive physical slots. Then, one TBoMS including multiple TOTs is possible, wherein the multiple TOTs do not need to be consecutive to each other. However, the following two issues are still open:
· Whether single RV or multiple RVs should be adopted in a TBoMS
· What is the time unit of rate-matching in a TBoMS
Different answers to the above two questions will lead to different structures of TBoMS. At least the following four alternatives can be interpreted:
· Alt 1: Single RV is adopted, and rate-matching is performed continuously across all the TOTs for TBoMS.
· Alt 2: Single RV is adopted, and rate-matching is performed per TOT.
· Alt 3: Multiple RVs is adopted, and rate-matching is performed per TOT.
· Alt 4: Multiple RVs is adopted, and rate-matching is performed per slot.
Figure 2 illustrates the above 4 alternatives, assuming that the TBoMS includes two TOT, and each TOT includes two consecutive UL slots.
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[bookmark: _Ref71386933]Figure 2 Examples for the relationship between TBoMS, TOT and rate-matching unit.
For Alt 1, the transmitted bits are selected based on the REs in all four slots, and mapped to the allocated REs with the starting point of the 1st RV. For Alt 2, the transmitted bits are selected based on the 1st TOT, i.e. based on the REs in two slots. In the 2nd TOT, the selection and mapping of the transmitted bits restart again, and thus the 2nd TOT can be regarded as a repetition of the 1st TOT. Comparing Alt 1 and Alt 2, as discussed in Section 2.2, Alt 1 has advantage in uniform distribution of coded bits, and avoids the loss of systematic bits. Theoretically, Alt 1 should outperform Alt 2, and should be adopted as a basic structure of TBoMS. 
Alt 3 and Alt 4 are assuming that multiple RVs will be adopted. Since the TBS is calculated based on all REs of the TBoMS, both of them have the risk of loss of systematic bits. Especially for Alt 4, the bit size of Part 1 of the 1st RV (e.g. RV0) is easy to be smaller than the systematic bits. Hence, if multiple RVs can be adopted, we suggest to take Alt 3 than Alt 4.
In summary, we have the following proposal:
Proposal 3: For the structure of TBoMS, at least Option 3 with single RV and continuous rate-matching across all the allocated slots/TOTs for TBoMS is supported.
· FFS whether/how to additionally support Option 4 with multiple RVs and continuous rate-matching across all the allocated slot(s) per TOT.

TBS calculation
The following agreements on TBS determination were reached in RAN1#105-e [3]:
	Working assumption:  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.


For the calculation of NohPRB, it was agreed that there is no need to extend the set of values of the xOverhead, and the indicated overhead is assumed to be the same for all the slots of a TBoMS. For the calculation of NInfo, Approach 2 was adopted due to its precise indication on the RE calculation, which also shows good compatibility with PUSCH repetition type A like TDRA. We can step further to achieve the exact TBS calculation for TBoMS.
Currently, a TB in a PUSCH is limited within a slot, wherein the calculation of corresponding TBS can be briefly summarized as following three steps according to TS 38.214 [6]:
· Step 1: A UE first determines the number of REs allocated for PUSCH within a PRB  by .
· Step 2: A UE determines the total number of REs allocated for PUSCH  by , where  is the total number of allocated PRBs for the UE.
· Step 3: Obtain unquantized intermediate variable () by .
From the above steps, we can see that:
· Step 1 is to calculate the allocated number of REs for PUSCH within a PRB. Since the current PUSCH is within a slot,  only denotes the number of REs within {one slot, one PRB} in time and frequency domain, respectively. To accommodate TBoMS,  can be extended to denote the allocated number of REs within {K slots, one PRB} by , where K is the number of the allocated available slots. The definition of available slot can follow the definition in Rel-17 repetition type A enhancement in Agenda 8.8.1.1.
· Step 2 is to calculate the total allocated number for REs in {one slot,  PRBs} by , and put a limitation on the maximum number of REs by . The number of 156 represents 12*13, i.e. the maximum REs used for data transmission within {one slot, one PRB} apart from DMRS (occupying 1 symbol). To accommodate TBoMS, we can calculate the total allocated number of REs in {K slots,  PRBs} still by  based on Step 1. Since we have already agreed that the TBS of a TBoMS does not exceed legacy maximum supported TBS in Rel-15/16, the limitation on the maximum number of REs can be changed to  correspondingly, where  is the maximum bandwidth of the active UL BWP. Therefore, the TBS of TBoMS will not exceed the one in Rel-15/16.
· Step 3 is to obtain unquantized  by using configured/indicated MCS and number of layers. There is no need to modify Step 3.
Based on the above analysis, we propose the following TBS calculation procedure for TBoMS.
Proposal 4: TBS of TBoMS is calculated by the following steps:
· Step 1: A UE first determines the number of REs allocated for TBoMS within a PRB () by .
· Step 2: A UE determines the total number of REs allocated for TBoMS () by .
· Step 3: Obtain unquantized intermediate variable () by .
Where K is the total number of the allocated available slots for TBoMS, and  is the maximum bandwidth of the active UL BWP.

UCI multiplexing of TBoMS
Currently NR supports multiplexing UCI in the PUSCH, with or without PUSCH repetition [5]. Strict and detailed procedures have been specified, including the timeline, rate matching, power control, resource mapping, and so on. It should be further considered whether UCI can be multiplexed in the PUSCH of TBoMS, and if so, any modification should be introduced to improve the procedure(s), as shown in Figure 3.
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[bookmark: _Ref66968431]Figure 3 UCI multiplexing in TBoMS.
One potential way is to disable multiplexing UCI in TBoMS, considering that TBoMS is typically used in the deep coverage case, and reducing RE for TBoMS will result in worse PUSCH performance. Simultaneous transmission of UCI and TBoMS is not preferred either, since it reduce the transmit power of both channels. In this case, the UE does not expect UCI overlaps with TBoMS, or, one of UCI and TBoMS should be dropped. 
 However, always dropping the UCI or the TBoMS when overlapped is not so efficient. By proper scheduling, it is possible for the gNB to reduce the negative impact on the coverage of TBoMS due to UCI multiplexing. Considering that it was agreed to reuse PUSCH repetition type A like TDRA for TBoMS, it seems reasonable to utilize the current mechanism of UCI multiplexing in PUSCH repetition type A for TBoMS. In this case, the UCI can be piggybacked in each overlapped slot of the TBoMS. But it is unclear whether the determination of the number of REs for UCI multiplexing needs to be updated.
In RAN1#105-e, it was principally agreed that a TOT is constituted of at least one slot or multiple consecutive physical slots for UL transmission. But it is still unclear whether the concept of TOT will be specified or not. If specified, the UCI multiplexing may depend on the unit of TOT, rather than a unit of slot in PUSCH repetition type A like TDRA. On the other hand, if unspecified, the UCI multiplexing or PUSCH dropping may still depend on the unit of slot or the whole TBoMS. In both cases, it is possible that the UCI overlaps with more than one slot in a TOT/TBoMS. However, the situation is more complicated and should be paid attention to:
· It will be more difficult to avoid multiplexing multiple UCIs with the same type into a TOT/TBoMS than into a slot, which is not supported so far. 
· [bookmark: _GoBack]Further study is needed on how to map a UCI into the overlapped slots of TOT/TBoMS.
· The determination of the number of REs for UCI multiplexing may be adjusted to accommodate the new unit (e.g. TOT, TBoMS) for UCI multiplexing.
Having said this, we have the following proposal for UCI handling in TBoMS:
Proposal 5: Consider the following options for UCI handling in TBoMS.
· Option 1: UCI multiplexing is not supported by TBoMS.
· Option 2: Reuse the UCI multiplexing of PUSCH repetition type A in TBoMS, i.e. the UCI is multiplexed into each overlapped slot of the TBoMS.
· Option 3: UCI multiplexing is supported in a unit of TOT.
· Option 4: UCI multiplexing is supported in a unit of TBoMS.
· FFS details, e.g. determination of the number of REs for UCI multiplexing.

Other aspects
It is understood that TBoMS outperforms ‘per-slot repetition’ scheme in coverage limited case. The dominating benefit comes from the channel coding gain, obtained from increasing the LDPC coding length by multi-slot resource allocation, while maintaining the narrow bandwidth and high PSD. To avoid increasing the buffer size due to multi-slot resource allocation, it was also agreed that the TBS of TBoMS will be limited to be no larger than the TBS in Rel-15/16. 
Several other aspects were also considered to be limited explicitly, including: FDRA, number of layers/ranks, MCS, code block segmentation, etc. The motivation of such restriction is to keep TBoMS within its predominance. However, network performance is a comprehensive issue. Since the gNB has more knowledge on the network situation than a UE, it would be better to allow the gNB to control the transmission parameters as much as possible. Even for the link level performance of a particular scheduling, there are still a lot of trade-offs between coding gain, power gain, frequency selective gain, etc.
For the restrictions other than the maximum TBS, we prefer to leave them to gNB’s implementation, rather than enforcing them by specification. This will provide enough flexibility for the gNB to make proper scheduling. 
Proposal 6: For TBoMS, no restriction is specified except for the maximum TBS. 
On the power control, we do not see the reason why the power can change during one TBoMS transmission. Current specification on power control is clear that the power of one PUSCH transmission is unchanged, which is determined based on the scheduling DCI, at least for the single carrier operation. Even for the repetition case, the power is unchanged among all repetitions. Furthermore, power change will disable joint channel estimation from gNB side, which will degrade the decoding performance of TBoMS consequently.
Proposal 7: The transmitted power of a TBoMS remains unchanged during the transmission.

Conclusion
In this contribution, we provide our view on several mechanisms of TBoMS. The observation and proposals are summarized as follows:
Observation 1: There is no strong need to further consider optimization of time domain resource determination in S slot in the unpaired spectrum.
Proposal 1: For time domain resource allocation of TBoMS, a new IE is introduced in the TDRA entry to indicate the number of allocated slots for TBoMS.
· FFS the configurable set of values for the number of slots.
Proposal 2: For rate-matching for TBoMS, at least Option c is supported, i.e. rate matching is performed continuously across all the allocated slots/TOTs for TBoMS.
· FFS whether/how to additionally support Option b, i.e. rate matching is performed continuously across all the allocated slot(s) per TOT.
Proposal 3: For the structure of TBoMS, at least Option 3 with single RV and continuous rate-matching across all the allocated slots/TOTs for TBoMS is supported.
· FFS whether/how to additionally support Option 4 with multiple RVs and continuous rate-matching across all the allocated slot(s) per TOT.
Proposal 4: TBS of TBoMS is calculated by the following steps:
· Step 1: A UE first determines the number of REs allocated for TBoMS within a PRB () by .
· Step 2: A UE determines the total number of REs allocated for TBoMS () by .
· Step 3: Obtain unquantized intermediate variable () by .
Where K is the total number of the allocated available slots for TBoMS, and  is the maximum bandwidth of the active UL BWP.
Proposal 5: Consider the following options for UCI handling in TBoMS.
· Option 1: UCI multiplexing is not supported by TBoMS.
· Option 2: Reuse the UCI multiplexing of PUSCH repetition type A in TBoMS, i.e. the UCI is multiplexed into each overlapped slot of the TBoMS.
· Option 3: UCI multiplexing is supported in a unit of TOT.
· Option 4: UCI multiplexing is supported in a unit of TBoMS.
· FFS details, e.g. determination of the number of REs for UCI multiplexing.
Proposal 6: For TBoMS, no restriction is specified except for the maximum TBS. 
Proposal 7: The transmitted power of a TBoMS remains unchanged during the transmission.
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