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1. Introduction
[bookmark: _Ref498564494][bookmark: _Hlk521582650][bookmark: _Ref32326212]In previous RAN1 meetings, TB processing over multiple slots (TBoMS) was discussed, and several agreements were made. We will further discuss on the remaining aspects for TBoMS in this contribution.
2. TBoMS interleaving
In previous meetings, following agreements were made on definition of TBoMS.
	Working Assumption
Single TBoMS structure of Option 3 is selected
· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 
· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 
Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.


For definition of a single TBoMS, the most important remaining issue is how TBoMS is interleaved. In last meeting, we focused on the following two options.
· Bit interleaving is performed per slot.
· Bit interleaving is performed over all the allocated slots for a single TBoMS.



[bookmark: _Ref83904475]Figure 1. TBoMS interleaving per slot vs across all slots- single CB in a TB


[bookmark: _Ref83904564]Figure 2. TBoMS interleaving per slot vs across all slots- multiple CBs in a TB 
The comparison between these two options are discussed on the following aspects, including CB segmentation, UCI multiplexing, collision handling and spec impacts. In this section, we will also provide the comparison of the two options in these aspects.
· CB segmentation
In Rel-16, interleaving size is determined based on the CB length of PUSCH in a slot. For TBoMS with single CB, deeper interleaving size for TBoMS can bring about more time domain diversity gain, if the coded bits are distributed to multiple slots, as shown in Figure 1. 
While the interleaving size is also restricted by the CB length, if multiple CBs are transmitted in a single TBoMS, the CB can not be distributed across the N slots, the performance gain from deeper interleaving size will be reduced, as shown in Figure 2.
[bookmark: OB1]Observation 1: If only one CB is transmitted in the TBoMS, interleaving across all slots of a TBoMS can achieve time domain diversity gain due to deeper interleaving size.
If multiple CBs are transmitted in a single TBoMS, the slot based interleaving retains the same channel structure as legacy slot based PUSCH, i.e., bits of each CB can be mapped to each slot of the TBoMS. Hence, TBoMS can be regarded as the legacy PUSCH repetition. The only difference is the starting bit in slots, other than the first slots of TBoMS, may need to be calculated based on mapping in previous slots, rather than the starting bit of a certain RV. 
For TBoMS interleaving across N slots, the multiple CBs are mapped continuously across the N slots, and each CB is mapped to single slot or consecutive slots. Thus, time diversity gain can be achieved by distributed mapping of a CB in N slots in per slot interleaving, the drawbacks of shallow interleaving size compare to per N slots interleaving can be compensated.
[bookmark: OB2]Observation 2: If multiple CBs are transmitted in the TBoMS, interleaving per slot for a TBoMS can achieve time domain diversity gain due to CB is mapped across the N slots.
· UCI multiplexing
As discussed above, interleaving per slot for TBoMS can retain almost the same channel structure as legacy slot based PUSCH. Hence, UCI multiplexing on TBoMS can also be performed per slot basis. Each slot is considered as a slot based PUSCH repetition for UCI multiplexing, the timeline for UCI multiplexing is checked per slot basis as in Rel-16.
For interleaving across all slots of a TBoMS, the timeline of UCI multiplexing can be same as in rel-16, since the  is not related to the PUSCH length. Due to transmission across multiple slots is generated as a whole if interleaving is performed across all slots of a TBoMS, the first symbol  of the earliest PUCCH and TBoMS, used to check UCI multiplexing timeline, should be first symbol in the first available slots for a TBoMS, rather than the first symbol in each available slot for the TBoMS. As a result, interleaving across all slots for a TBoMS lead to a stricter multiplexing timeline, if UCI is overlapping with a later slot of TBoMS, as illustrated in Figure 1.



[bookmark: _Ref83664676]Figure 3. Eamples for timeline for UCI multiplexing per slot& per TBoMS
Considering UE and NW may have different assumption on number of UCI bits multiplexed on a PUSCH due to missing DCI, if such mis-alignments happens, NW may not be able to decode the data in the PUSCH due to unexpected PUSCH resource mapping at UE. 
For UCI multiplexing on TBoMS, if number of UCI bits is incorrectly determined at UE, it may lead to error PUSCH mapping propagation in the later slots, and makes the remaining transmission in vain. For TBoMS interleaving performed per slot basis, UE have chance to regenerate the transmitted signal in later slot. The starting bits in each slot should be determined prior to the starting of the TBoMS transmission. Thus, UE can reset the PUSCH transmission, even if incorrect number of UCI bits are multiplexed in former slot. Thus, the NW may still decode the data in the TBoMS based on the transmission in the slots without multiplexed UCI. 
For interleaving performed across all slots for a TBoMS, UE does not have chance to reset the starting bit in each slot due to the signal across N slots for TBoMS is generated as a whole, if UCI is multiplexed in rate matching manner, and both bit selection and bit interleaving are performed per N slots. To avoid error propagation in resource mapping in subsequent slots, the UCI multiplexing can be performed in puncturing manner.
[bookmark: OB3]Observation 3: If TBoMS interleaving is performed per slot basis, UCI multiplexing on TBoMS can also be performed per slot basis, and UCI multiplexing mechanism in Rel-16 can be reused as much as possible.
[bookmark: OB4]Observation 4: If TBoMS interleaving is performed per slot basis, the starting bits in each slot should be determined prior to the starting of the TBoMS transmission to avoid unexpected PUSCH resource mapping due to UCI multiplexing.
[bookmark: OB5]Observation 5: If TBoMS interleaving is performed across all slots of a single TBoMS, UCI multiplexing should be performed in puncturing manner.
· Collision handling
The transmission of PUSCH can be dropped due to overridden by SFI, CI, and higher priority transmission in Rel-16. If collision occurs between TBoMS and other channels, cancellation of transmission across N slots for a TBoMS should be avoided due to low resource efficiency. Hence, for both TBoMS interleaving per slot and interleaving across all slots in a TBoMS, collision handling can be performed per slot basis.
If only one CB is transmitted in a TBoMS and one slot is dropped due to collision, TBoMS interleaving across N slots may still be decodable due to the coded bits are distributed across multiple slots. While for TBoMS interleaving per slot, it may be non-decodable if the slots with systematic bits is dropped. However, a smart NW implementation could avoid puncturing the slots with systematic bits for TBoMS. On the other hand, if multiple CBs are transmitted in a TBoMS interleaved across N slots, and one slot is dropped due to collision, the CB in the colliding slot is lost due to localized mapping. While it may still be decodable due to each CB is distributed across multiple slots if TBoMS interleaving is performed per slot 
[bookmark: _Hlk83702133][bookmark: OB6]Observation 6: If one slot of TBoMS is dropped due to collision, interleaving across multiple slots is more robust if only one CB is transmitted, and interleaving per slot is more robust if multiple CBs are transmitted.
· Spec impact analysis
According to the analysis above, the spec impacts two TBoMS options are summarized.
[bookmark: OB7]Observation 7: If TBoMS interleaving performed per slot is supported, following spec changes are needed
· Separated interleaving size is introduced, and it is different from the bit selection output length and Determination the set of bits for interleaving in each slot. (38.212)
· Timeline for UCI multiplexing/cancellation is checked according to the starting symbol of each slot. (38.213)
[bookmark: OB8]Observation 8: If TboMS interleaving performed across all slots is supported, following spect changes are needed
· Resource mapping is performed across N slots.(38.211)
· Timeline for UCI multiplexing/cancellation is checked according to the starting symbol of the N slots. (38.213)
· UCI multiplexing should be performed in puncturing manner. (38.213)
Based on the discussion above, both of the two options have pros and cons in different aspects. For interleaving per slot, similar UCI multiplexing behavior can be expected as that in Rel-16, and the performance is robust against dropping due to collision for multiple CB case. The expected spec change is mainly belonging to 38.212. 
For TB processing over multiple slots may have better performance for single CB case, lower complexity/change in bit sequence generation is expected. While behaviors in UCI multiplexing need to be optimized with limited change. To adapt with different implementations and obtain the benefits from different aspects, both of options can be supported, and UE can report capability on which interleaving method is supported.
[bookmark: PP1]Proposal 1: Support Both interleaving per slot and interleaving across all slots for TBoMS
· UE reports capabilities indicating which interleaving method is supported.
3. TB size determination for TBoMS
In RAN1#106e, following agreements are made on TB size determination for TBoMS.
	Agreement 
To calculate   for TBS determination, at least the scaling factor value =N is supported, where N is the number of allocated slots for a single TBoMS.
FFS: whether further values 1<K<N are supported.
FFS: details related to the indication of .
Note: No supporting the case K=1 for a single TBoMS.


[bookmark: PP11]The remaining issue is whether 1<K<N can be supported. For K<N, it is beneficial to avoid high code rate for a TBoMS. Considering a physical channel with N slots also faces N times higher rate to be dropped in one of the N slots due to colliding with other transmissions, a conservative value, i.e., K<N can be supported to make sure TBoMS can be reliably transmitted and decoded. The scaling factor K can be configured, and can be indicated by NW along with the row index in TDRA table.
[bookmark: PP2]Proposal 2: For TBoMS TBS determination, Scaling factor K<N can be supported for   calculation.
· The scaling factor is configured in TDRA table, and can be indicated along with the row index in TDRA table.
4. Time domain resources for TBoMS
In previous meetings, the following agreements are made on time domain resources for TBoMS.
	Agreement: (106e)
Repetitions of a single TBoMS are supported, where:
· The number of configured repetitions is denoted by M, i.e., the total number of allocated slots for TBoMS repetition is M*N.
· Note: M*N is no more than the max number of repetitions agreed for repetition Type A enhancement in agenda 8.8.1.1
· Available slot determination is according to existing agreements.
· The number and location of allocated symbols within an allocated slot for TBoMS transmission are the same among all repeated single TBoMS.
· FFS other aspects of TBoMS repetitions, e.g.:
· Details of time domain resource indication.
· Supported values for the number of TBoMS repetitions.
· How to indicate the number of TBoMS repetitions.
· Interactions with frequency hopping and precoder cycling across the M groups of N allocated slots for each single TBoMS repetition.
· Whether RV indices should be cycled across the M groups of N allocated slots for each single TBoMS repetition.
· Details of TBoMS retransmissions.
· Potential MAC layer impact, but should be decided by RAN2.
Note: No additional dropping rule optimization will be introduced other than dropping rules for single TBoMS transmission. 
Agreement: (105e)
Number of slots allocated for TBoMS is determined by using a row index of a TDRA list, configured via RRC.
· FFS: details.


In this section, we will discuss the details of time domain resource determination for TBoMS.
4.1. TDRA table for TBoMS
In Rel-16 TDRA table, the K2, S, L and repetition number are configured to determine the time domain resources for type-A PUSCH repetition. For TBoMS, at least K2, S, L can be kept to indicate the time domain resource within slot which constructs TBoMS. Number of slots (N) for a single TBoMS has been agreed to be included in TDRA table, and repetition number of TBoMS can be indicated by ‘NumOfRepetition’ as slot based PUSCH repetition. 
As discussed in section 3, the scaling factor should also be indicated in TDRA table. An example of modified TDRA table is shown in Table 1.
[bookmark: _Ref53480048]Table 1. Example of TDRA table for TBoMS
	Row index
	mapping type
	K2
	S
	L
	Scaling factor(K)
	Number of slots for TBoMS(N)
	Number of repetitions(M)

	1
	Type-A
	j
	0
	14
	K1
	N1
	M1

	2
	Type-B
	j
	2
	12
	K2
	N2
	M2

	……
	……
	……
	……
	……
	……
	……
	……


For value range of N, it should be properly selected to avoid creating a TBoMS with long duration, which may lead to higher collision rate in dynamic TDD and makes the a single TBoMS transmission less reliable. Hence, {2,4} can be supported for number of slots for a single TBoMS.
Since we have already agreed that M*N is not greater than the maximum repetitions for type-A PUSCH repetition number, i.e., 32. Considering the repetition number for type-A PUSCH repetition can be {1, 2, 3, 4, 5, 7, 8, 10, 12, 14, 16, 20, 24, 28, 32}. The value range for TBoMS repetition number M can be {1,2,3,4,5,7,8,10,12,14,16}.
[bookmark: PP3]Proposal 3: Both repetition number (M) and number of slots (N) are configured by RRC and indicated by a row index in TDRA table.
· Value range for N can be {2,4}.
· Value range for M can be {1,2,3,4,5,7,8,10,12,14,16}.
4.2. Details on TBoMS with repetition
TBoMS repetition has been agreed in last meeting, while details like frequency hopping and RV cycling need to be further confirmed.
Both intra-slot frequency hopping and inter-slot frequency hopping are supported for legacy type-A PUSCH repetition. For TBoMS, which is composed of multiple slots, intra slot frequency hopping seems meaningless due to inter-slot frequency hopping can be supported anyway, and frequency diversity can be obtained, while more channel estimation gain can be achieved compared with intra-slot frequency hopping.
If DMRS bundling is enabled for TBoMS, the frequency hopping granularity can be more than 1 slots, which depends on the outcome of AI 8.8.1.3.
[bookmark: PP4]Proposal 4: Frequency hopping granularity is at least one slot for TBoMS.
· Intra-slot frequency hopping is not supported for TBoMS.
For RV cycling for TBoMS, the RV can be cycled per TBoMS repetition. The RV is not further refreshed within a single TBoMS, due to we have already agreed option 3 as working assumption, otherwise the effective coding rate in a single TBoMS can be even lower than option 4. 
[bookmark: PP5]Proposal 5: RV is cycled per TBoMS repetition.
5. Amount of resources for UCI multiplexing on TBoMS
In section 2, UCI multiplexing assuming interleaving per slot and interleaving across N slots are discussed. While for both cases, the amount of resources for UCI multiplexing should be further discussed.  In Rel-15/16, the resources on PUSCH for UCI multiplexing is derived based on RRC parameter beta-offset, scaling () and PUSCH length. As an example, the number of symbols for UCI(HARQ-ACK) multiplexing on a PUSCH is derived based on the following equation.

where  is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS. While for TBoMS, the number of symbols for a PUSCH transmission is far more than legacy PUSCH occasion limited within a slot, which may lead to increased number of symbols for UCI multiplexed in TBoMS. Thus, the reliability for the UCI multiplexed on the PUSCH over multiple slots would be higher compared with UCI multiplexed on PUSCH which is limited within a slot, if the same set of beta-offset and scaling () for slot based PUSCH is reused for TBoMS. However, higher performance of UCI on the PUSCH is not required even if it is piggybacked on a TBoMS, and the target performance of UCI should be independent of number of symbols for TBoMS. Therefore, excessive occupation of the resources in TBoMS should be avoided.
For the amount of resources in TBoMS, the number of resources can be scaled by 1/N, where N is the number of slots for a TBoMS. The scaling of amount of UCI resources can be realized by re-defining the parameter  as number of symbols per slot allocated for TBoMS. Another option is  is still number of all symbols for PUSCH-TBoMS, i.e., total number of symbols across N slots for a TBoMS, while beta-offset and scaling() for slot based PUSCH should be scaled by 1/N. With these modifications applied for TBoMS, the amount of resources for UCI in TBoMS can be almost the same as that multiplexed in a single slot PUSCH.
[bookmark: PP12][bookmark: PP6]Proposal 6: For UCI multiplexing on TBoMS, the number of modulated symbols in the TBoMS for UCI should be same/close to that multiplexed in a single slot PUSCH, following options can be considered
· Opt-1: Re-define the parameter  as number of symbols per slot allocated for TBoMS;
· Opt-2: BetaOffset and scaling () is scaled by 1/N, where N is the number of slots for a TBoMS.
6. MIMO layers for TBoMS
Both PUSCH repetition and PUSCH with TB processing over multiple slots are motivated for improved reliability, and for PUSCH repetition Type A, in case number of repetitions K>1, the PUSCH is limited to a single transmission layer in Rel-16. Multi-layer PUSCH is not a typical use case for PUSCH-TBoMS, which is motivated for coverage enhancement rather than higher data rate. Therefore, PUSCH with TB processing over multiple slots should also be limited to single transmission layer.
[bookmark: PP8][bookmark: PP7][bookmark: PP13][bookmark: PP9]Proposal 7: PUSCH with TB processing over multiple slots should be limited to single transmission layer.

7. Related RRC parameters
Based on the discussion in previous sections, the related RRC parameters are provided as follows.
	Parameter Name
	RAN1 spec/ section
	Values range
	New vs existing parameter
	Per (UE, cell, TRP, …)
	Broadcast/
dedicated
	Description
	RAN2 spec

	InterleavingSizeTBoMS
	38.212
	Enumerate (OneSlot, AllSlots)

	New
	Per UE
	Dedicated
	Indicate whether the interleaving is performed across all slots for TBoMS, or performed per slot.
	38.331

	ScalingFactorTBoMS
	38.214
	SEQUENCE (2,…N) 
	New
	Per UE
	Dedicated
	Indicate the scaling factor for TB size calculation for TBoMS, and it is configured under IE PUSCH-TimeDomainResourceAllocation-r17.
	38.331

	numberOfRepetitions-17
	38.212
	SEQUENCE (1, 2, 3, 4, 7, 8, 12, 16, 20, 24, 28, 32)
	Existing
	Per UE
	Dedicated
	Support the increased maximum number of repetitions…
Only {1, 2, 3, 4, 7, 8, 12, 16} are applicable for TBoMS.
	38.331



8. Conclusion
In this contribution, we discussed the potential issues for PUSCH with TB processing over multiple slots. Based on the discussion in previous sections, and we have the following observations and proposals:
Observation 1: If only one CB is transmitted in the TBoMS, interleaving across all slots of a TBoMS can achieve time domain diversity gain due to deeper interleaving size.
Observation 2: If multiple CBs are transmitted in the TBoMS, interleaving per slot for a TBoMS can achieve time domain diversity gain due to CB is mapped across the N slots.
Observation 3: If TBoMS interleaving is performed per slot basis, UCI multiplexing on TBoMS can also be performed per slot basis, and UCI multiplexing mechanism in Rel-16 can be reused as much as possible.
Observation 4: If TBoMS interleaving is performed per slot basis, the starting bits in each slot should be determined prior to the starting of the TBoMS transmission to avoid unexpected PUSCH resource mapping due to UCI multiplexing.
Observation 5: If TBoMS interleaving is performed across all slots of a single TBoMS, UCI multiplexing should be performed in puncturing manner.
Observation 6: If one slot of TBoMS is dropped due to collision, interleaving across multiple slots is more robust if only one CB is transmitted, and interleaving per slot is more robust if multiple CBs are transmitted.
Observation 7: If TBoMS interleaving performed per slot is supported, following spec changes are needed
· Separated interleaving size is introduced, and it is different from the bit selection output length and Determination the set of bits for interleaving in each slot. (38.212)
· Timeline for UCI multiplexing/cancellation is checked according to the starting symbol of each slot. (38.213)
Observation 8: If TboMS interleaving performed across all slots is supported, following spect changes are needed
· Resource mapping is performed across N slots.(38.211)
· Timeline for UCI multiplexing/cancellation is checked according to the starting symbol of the N slots. (38.213)
· UCI multiplexing should be performed in puncturing manner. (38.213)
Proposal 1: Support Both interleaving per slot and interleaving across all slots for TBoMS
· UE reports capabilities indicating which interleaving method is supported.
Proposal 2: For TBoMS TBS determination, Scaling factor K<N can be supported for   calculation.
· The scaling factor is configured in TDRA table, and can be indicated along with the row index in TDRA table.
Proposal 3: Both repetition number (M) and number of slots (N) are configured by RRC and indicated by a row index in TDRA table.
· Value range for N can be {2,4}.
· Value range for M can be {1,2,3,4,5,7,8,10,12,14,16}.
Proposal 4: Frequency hopping granularity is at least one slot for TBoMS.
· Intra-slot frequency hopping is not supported for TBoMS.
Proposal 5: RV is cycled per TBoMS repetition.
Proposal 6: For UCI multiplexing on TBoMS, the number of modulated symbols in the TBoMS for UCI should be same/close to that multiplexed in a single slot PUSCH, following options can be considered
· Opt-1: Re-define the parameter  as number of symbols per slot allocated for TBoMS;
· Opt-2: BetaOffset and scaling () is scaled by 1/N, where N is the number of slots for a TBoMS.
Proposal 7: PUSCH with TB processing over multiple slots should be limited to single transmission layer.
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3GPP TSG RAN WG1  # 10 6 bis - e     R1 - 2 1 08990   e - Meeting, October 11th  –   19th, 2021     Source:   vivo   Title:   Discussion on  PUSCH TB processing over multiple slots   Agenda Item:   8. 8 . 1.2   Document for:   Discussion   and Decision   1.   Introduction   In   previous RAN1 meetings ,  TB processing over multiple slots (TBoMS)  was  discussed, and several  agreements were made. We will further discuss on the  remaining   aspects   for TBoMS in this contribution.   2.   TBoMS   interleaving   In  previous meetings , following agreements were made   on   definition   of TBoMS .  

W orking Assumption   Single TBoMS structure of Option 3 is selected      Option 3 : Multiple TOTs are determined for a TBoMS . The TB is transmitted on the multiple  TOTs using a single RV.    o   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.    Conclusion   Bit in terleaving performed per ToT is precluded, and ToT will not be used in further discussion.  

F or definition of a single TBoMS, the most important remaining issue is how TBoMS is interleaved. In last  meeting, we focused on the following two options.      Bit  interleaving is performed per slot.      Bit interleaving is performed over all the allocated slots for a single TBoMS.  
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    Figure  1 .   TBoMS interleaving per slot vs across all slots -   single CB in a TB  
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  Figure  2 .   TBoMS interleaving per slot vs across all slots -   multiple CBs in a TB    

