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[bookmark: _Ref4817]Introduction
In the RAN1#106-e meeting, the enhancement methods for TBoMS were discussed, and the following agreements were achieved[1][2]: 
	Agreement
The number of slots allocated for TBoMS is counted based on the available slots for UL transmission. 
The determination of available slots for PUSCH repetition type A, as defined in AI 8.8.1.1, is reused.
Note: Available slots for FDD or SUL could be revisited according to discussion in AI 8.8.1.1

[bookmark: _Hlk80993367]Agreement
The UE determines whether or not to drop a slot determined as available for TBoMS transmission according to Rel-15/16 PUSCH dropping rules, where the dropped slot is still counted in the N allocated slots for the single TBoMS transmission.
FFS: Rel-17 PUSCH dropping rules are also applied if introduced in other WI(s)

Conclusion
The N allocated slots for the single TBoMS are defined as the number of slots after available slot determination for a single TBoMS transmission, before dropping rules are applied.
Note: the number of final transmitted slots for the single TBoMS may be lower than N, depending on dropping rules for TBoMS transmission.

Agreement
Allocating resources for TBoMS in the special slot in TDD is possible according to the agreed time domain resource determination for TBoMS.
No further optimization to allocate resources for TBoMS in the special slot is supported.

Agreement
TBoMS is supported for both configured grant and dynamic grant.

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. 

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.

Agreement
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. 

Conclusion
Bit interleaving performed per ToT is precluded, and ToT will not be used in further discussion.



In this contribution, we further analyze the potential enhancements and provide our views on TBoMS. 
TB processing over multi-slot PUSCH 
Time domain resource determination for TBoMS
In RAN1 106-e meeting, it has been agreed that TBoMS is supported for both configured grant and dynamic grant. In Rel-16, dynamic repetition indication is supported for both repetition Type A and repetition Type B. An additional column is added in TDRA table to indicate the number of repetitions (including repetition K=1), and the time resource allocation field in DCI (for DG or type 2 CG) or by RRC (for type 1 CG) is used to indicate one row of the TDRA table. Similar indication could be used for indicating of the number of slots for TB processing over multiple slots. Given gNB can only configure either TBoMS or PUSCH repetition at a given time, gNB can either configure a dedicated TDRA table for TBoMS or the table for PUSCH repetition. There is no need to configure the TDRA table for PUSCH repetition and then artificially repurpose the number of repetitions as the number of slots for TBoMS. Thus, we suggest to add a new dedicated column in the TDRA table for TBoMS. In addition, the same set of candidate values as Rel-16 repetition type A could be reused for the number of slots for TBoMS, i.e., {1, 2, 3, 4, 7, 8, 12, 16}. 
As a result, we have the following proposal. 
[bookmark: OLE_LINK29]Proposal 1: For TBoMS, add a column in a dedicated TDRA table to indicate the number of slots.
· Support {1, 2, 3, 4, 7, 8, 12, 16} as the candidate values.
FDRA for TBoMS 
[bookmark: OLE_LINK22]The main motivation for TBoMS is to improve the coverage capability for cell-edge UE by obtaining low code rate with less number of RBs in the frequency domain, which could boost the PSD for cell-edge UE for better coverage. When TBoMS is enabled, there is no need to occupy a lager frequency domain resources to achieve even lower code rate thanks to the increased time domain resources from multiple slots. Thus, the maximum number of PRB in the frequency domain can be limited. As a result, some bits of FDRA field in DCI can be saved. As how to define the maximum number of PRBs, it could be further studied, e.g., whether it is a fixed value or it depends on the number of slots for TBoMS. 
[bookmark: OLE_LINK31]Proposal 2: The maximum number of PRBs can be limited when TBoMS is enabled. 
·  FFS how to determine the maximum number of PRBs. 
RV determination for TBoMS
In RAN1#106-e meeting, a working assumption on single TBoMS structure of Option 3 has been achieved, where multiple TOTs are determined for a TBoMS and the TB is transmitted on the multiple TOTs using a single RV. As shown in [5], using a single RV#0 for TBoMS can achieve better performance than different RVs cycling per TOT and per slot. It is more likely that systematic bits of LDPC coding cannot be fully mapped within one slot in case of using different RVs cycling for TBoMS without repetition, which may cause decoding failure. As a result, we have the following proposal. 
Proposal 3: Confirming the WA on single TBoMS structure of Option 3, i.e., a single RV is used.
RM for TBoMS
In RAN1#106-e meeting, the rate-matching of TBoMS has been discussed, and bit interleaving per slot or bit interleaving per TBoMS is expected to be down-selected in this meeting. In this section, we give our further analysis about rate-matching for TBoMS. 
	FL’s proposal 6-v7
For the rate-matching of TBoMS, RAN1 to downselect, during RAN1 #106-b-e only one of these two options: 
· Bit interleaving is performed per slot.
· Bit interleaving is performed over all the allocated slots for a single TBoMS.
FFS: other details, e.g., CB segmentation, UCI multiplexing and collision handling.



Specification impacts
In FL summary [2], a well-illustrated example about how to perform the rate-matching is provided for the two candidate solutions, i.e., rate-matching per slot or per all slots of a single TBoMS. 
	A single TBoMS is allocated over 2 slots (denote as slot#0 and slot #1), a TB is segmented with 2 CBs (denote as CB#0 and CB#1), and G is the number of coded bits available per slot.
Selected bit sequence of CB#0:  e0,0, …, e0,G/2-1, e0,G/2, …, e0,G-1. 
Selected bit sequence of CB#1:  e1,0, …, e1,G/2-1, e1,G/2, …, e1,G-1. 
Interleaved bit sequence of CB#0:  f0,0, …, f0,G/2-1, f0,G/2, …, f0,G-1. 
Interleaved bit sequence of CB#1:  f1,0, …, f1,G/2-1, f1,G/2, …, f1,G-1.
Concatenated bit sequence of TBoMS: g0, …, gG-1, gG, …, g2G-1.
1) Per slot
[image: ]
Figure 1. Interleaving per slot
2) Over all the allocated slots for a single TBoMS
[image: ]
Figure 2. Interleaving per TBoMS



According to current specification, rate matching is performed per CB level. Multiple CBs if any are interleaved separately, and the interleaved CBs are concatenated after interleaving procedure is finished. 
For per slot based interleaving, the procedures could be summarized as follows. 
· Step 1: Split the coding bits for each CB into N parts, where N is the number of slots for TBoMS. 
· Step 2: Then, the UE performs interleaving for each CB on each slot based on the split bits for each CB determined in Step 1. 
· Step 3: Concatenate the interleaving bits for different CBs in each slot. 
It’s clear that Step 1 is a new introduced step, which implies new rate-matching procedure with larger specification impacts. 
For bit interleaving per all slots of a single TBoMS, the legacy interleaving procedure based on per CB level can still be reused. All the processing (including signal generation and UCI multiplexing etc) is done per CB level, regardless of the number of slots allocated for the scheduled TB. In this sense, the only difference compared to legacy is to change ‘one slot processing’ to ‘multiple-slot processing’ for one TB. In other words, we can regard ‘multiple slots’ as one nominal slot and reuse the legacy rules for one slot processing. 
Observation 1: For bit interleaving performed per slot, new interleaving procedure is required and large specification impacts are expected.
UE buffer
For interleaving performed per slot, the UE needs to first generate and store the encoded bits based on all slots for TBoMS, and perform rate-matching per slot and transit the rate-matching per slot.
For interleaving performed over all slots of TBoMS, UE performs rate-matching over all slots and stores the  interleaving bits for all slots, and transmits the stored interleaving bits per slot. Compared with interleaving per slot, UE needs to additionally buffer the interleaving bits. However, it may not be a big problem in our view. 
Observation 2: For bit interleaving performed over all slots of TBoMS, a UE needs to additionally buffer the interleaving bits.
Performance
For coverage shortage scenario, the most typical case is that the TB scheduled by gNB only contains one CB. In such case, it’s clear that interleaving performed over all slots of TBoMS could provide a deeper interleaving in the time domain and therefore has better performance, especially when channel condition in some of the slots is quite bad or the transmission in some of the slots is canceled. 
To compare the performance of the two schemes, simulation evaluations are provided in Figure 3, assuming a TBoMS with 4 slots and there is only one CB. More detailed simulation assumptions are given in the Appendix.

Figure 3. Interleaving per slot vs Interleaving per TBoMS for TBoMS transmission in RMa scenario
[bookmark: OLE_LINK7]As can be observed in Figure 3, interleaving performed over all slots of TBoMS has better performance since the deeper interleaving and more time diversity gain can be obtained. More specifically, about 1.52 dB and 3.20dB gain can be achieved by using interleaving performed over all slots of TBoMS than interleaving performed per slot for TBoMS transmission with MCS#0 and MCS#2 respectively.
Observation 3: Interleaving performed over all slots of TBoMS can provide about 1.52 dB and 3.20 dB gain over interleaving performed per slot for TBoMS transmission with MCS#0 and MCS#2 respectively. 
UCI multiplexing 
· [bookmark: OLE_LINK59][bookmark: OLE_LINK55]UCI multiplexing on TBoMS scheduled by dynamic grant
In legacy Rel-15/16, a UE does not expect to multiple a HARQ-ACK on a PUSCH if the DCI scheduling the PDSCH associated with the HARQ-ACK is later than the DCI scheduling the PUSCH, as described in the TS 38.213 Clause 9.  

	A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.



In such case, the timeline between the DCI scheduling PDSCH and the first symbol of the overlapping PUCCH and PUSCH could always be satisfied. The legacy approach for UCI multiplexing on DG PUSCH could be reused for TBoMS scheduled by DG, and there would be no timeline issue for UCI multiplexing on TBoMS PUSCH, even when bit interleaving is performed over all slots allocated for TBoMS.  
Observation 4: For UCI multiplexing on TBoMS scheduled by dynamic grant, the legacy UCI multiplexing rules for PUCCH and DG PUSCH could be reused, no matter which bit interleaving approach is adopted. 
· UCI multiplexing on TBoMS scheduled by configured grant
For TBoMS CG PUSCH, UCI multiplexing could be based on slot level if bit interleaving is performed per slot. That is, the timeline could be only based on the overlapping CG PUSCH. If bit interleaving is performed over all slots allocated for TBoMS, the timeline cannot be based on slot level. Instead, the following approach could be considered.
·  Approach 1: Similar UCI multiplexing timeline as DG PUSCH is adopted. That is, a UE does not expect to multiplex a HARQ-ACK on TBoMS CG PUSCH if the timeline between the DCI scheduling the PDSCH associated with the HARQ-ACK and symbol #i, where #i the first symbol of PUCCH for the HARQ-ACK and TBoMS CG PUSCH, which includes the symbols of TBoMS in all slots regardless of overlapping with the PUCCH or not. 
·  Approach 2: The HARQ-ACK feedback delay mechanism in Rel-17 URLLC topic could be reused.
Observation 5: For UCI multiplexing on TBoMS CG PUSCH, new multiplexing procedure is needed.
·  If bit interleaving is performed per slot, UCI multiplexing including timeline could be based on slot level.
·  If bit interleaving is performed over all slots allocated for TBoMS, similar UCI multiplexing including the timeline as DG PUSCH is reused or the HARQ-ACK feedback delay mechanism in Rel-17 URLLC topic is reused.
Cancellation
Regarding cancellation for TBoMS, the cancellation could be still be based on per slot level and there is no timeline issue. Take Figure 5 as an example, where it assumes a 4-slot TBOMS with a total of 2000 interleaving bits for transmission. That is, each slot will transmit 500 bits. If one slot, e.g., slot#3 is canceled, the transmitted bits on slot#4 can still be the bits from 1501~ 2000bits. That is, regardless of whether a cancellation occurs or not, the transmitted bits on each slot will not be rate-matched, i.e., not changed. Therefore, there is no timeline issue for cancellation for TBoMS. 
[image: ]
Figure 5. Example of cancellation for TBoMS
Observation 6: There is no timeline issue for cancellation based on per slot level for TBoMS.  

With taking all above analysis on spec impacts, UE buffer, performance, UCI multiplexing and cancellation, we prefer to support bit interleaving performed over all the allocated slots for a single TBoMS.
[bookmark: OLE_LINK33]Proposal 4: Bit interleaving is performed over all the allocated slots for a single TBoMS.
[bookmark: OLE_LINK3]TBS determination 
· [bookmark: OLE_LINK6]NInfo determination for TBoMS
[bookmark: OLE_LINK34][bookmark: OLE_LINK21]In RAN1#106-e meeting, it has been agreed that, to calculate NInfo for TBoMS determination, at least the scaling factor value K=N is supported, where N is the number of allocated slots for a single TBoMS. In our opinion, the functionality of K less than N is effectively the same as repetition of TBoMS in essence. We don’t see clear motivation to support K less than N on top of the agreed repetition of TBoMS. In addition, when K is less than N, under the condition that the coding rate is no greater than 1, the number of available MCS indexes is very limited. 
[bookmark: OLE_LINK10]Proposal 5: Only K=N is supported for NInfo calculation, and no need additional explicit indication. 

· [bookmark: OLE_LINK16]TBS limitation for TBoMS
[bookmark: OLE_LINK46]For TBoMS, TBS is determined based on multiple slots and transmitted over multiple slots. It has been agreed that the maximum supported TBS for TBoMS should not exceed legacy maximum supported TBS in Rel-15/16 for the same number of layers. A following-up question is how to limit the maximum TBS considering the number of REs could be used is K times of the legacy. 
One simple way is to directly limit the maximum number of PRBs as discussed in section 2.2. However, it would need some cautious discussion to determine a specific maximum value. Another approach is to limit the maximum TBS by the conditions of date rate limitations DataRate and DataRateCC. 
[bookmark: OLE_LINK36]Proposal 6: The maximum TBS can be limited by the conditions of date rate limitations DataRate and DataRateCC.
Power control determination
In Rel-15/16, the PUSCH transmission power for a PUSCH transmission occasion depends on the total number of REs for the PUSCH with excluding DMRS and PTRS REs . 
When TBoMS is enabled, the TBS is determination based on multiple slots for TB processing. Similarly, the PUSCH transmission power determination should also be based on the total number of REs within all slots for TB processing excluding the overhead of reference signals. 
[bookmark: OLE_LINK38]Proposal 7: For TBoMS, the transmission power determination should be based on the total number of REs within all slots for TB processing with excluding the overhead of reference signals. 
Conclusion
According to the analysis given above, we have the following proposals:
Proposal 1: For TBoMS, add a column in a dedicated TDRA table to indicate the number of slots.
· Support {1, 2, 3, 4, 7, 8, 12, 16} as the candidate values.
Proposal 2: The maximum number of PRBs can be limited when TBoMS is enabled. 
·  FFS how to determine the maximum number of PRBs. 
Proposal 3: Confirming the WA on single TBoMS structure of Option 3, i.e., a single RV is used.
Observation 1: For bit interleaving performed per slot, new interleaving procedure is required and large specification impacts are expected.
Observation 2: For bit interleaving performed over all slots of TBoMS, a UE needs to additionally buffer the interleaving bits.
Observation 3: Interleaving performed over all slots of TBoMS can provide about 1.52 dB and 3.20 dB gain over interleaving performed per slot for TBoMS transmission with MCS#0 and MCS#2 respectively 
Observation 4: For UCI multiplexing on TBoMS scheduled by dynamic grant, the legacy UCI multiplexing rules for PUCCH and DG PUSCH could be reused, no matter which bit interleaving approach is adopted. 
Observation 5: For UCI multiplexing on TBoMS CG PUSCH, new multiplexing procedure is needed.
·  If bit interleaving is performed per slot, UCI multiplexing including timeline could be based on slot level.
·  If bit interleaving is performed over all slots allocated for TBoMS, similar UCI multiplexing including the timeline as DG PUSCH is reused or the HARQ-ACK feedback delay mechanism in Rel-17 URLLC topic is reused.
Observation 6: There is no timeline issue for cancellation based on per slot level for TBoMS.  
Proposal 4: Bit interleaving is performed over all the allocated slots for a single TBoMS.
[bookmark: _GoBack]Proposal 5: Only K=N is supported for NInfo calculation, and no need additional explicit indication. 
Proposal 6: The maximum TBS can be limited by the conditions of date rate limitations DataRate and DataRateCC.
Proposal 7: For TBoMS, the transmission power determination should be based on the total number of REs within all slots for TB processing with excluding the overhead of reference signals. 
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Appendix
Table 1 Link level simulation assumption for TBoMS
	Parameter
	Value

	Carrier frequency
	4GHz

	Frame structure
	DDDSUDDSUU

	Channel model
	TDL-C (delay spread: 300ns)

	UE speed
	3 km/h 

	BS antenna configuration
	2 Rx 

	UE antenna configuration
	1 Tx

	System bandwidth
	100 MHz

	Sub-carrier spacing
	30kHz 

	Occupied RBs
	4

	MCS
	0/2 

	Waveform 
	DFT-s-OFDM

	Number of OS per slot
	14 

	DMRS overhead 
	2 DMRS symbols

	Number of slots for TBoMS
	4 

	Frequency hopping 
	w/o

	Channel estimation
	Practical

	Receiver type
	MMSE



Rma_4GHz_O2I_3km/h
Alt1 - Interleaving per slot, MCS#0	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	0.91753	0.82666	0.72338	0.61049	0.4964	0.38831	0.29263	0.20657	0.15693	0.11729	0.08927	Alt2 - Interleaving per TBoMS, MCS#0	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	0.8799	0.77822	0.66373	0.55164	0.43195	0.32586	0.24339	0.17254	0.1297	0.09367	Alt1 - Interleaving per slot, MCS#2	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	1	0.99079	0.92874	0.84748	0.749	0.63891	0.51241	0.41473	0.31705	0.23179	0.17374	0.13251	0.10208	Alt2 - Interleaving per TBoMS, MCS#2	-12	-10.5	-9	-7.5	-6	-4.5	-3	-1.5	0	1.5	3	4.5	6	0.98919	0.92914	0.83667	0.73619	0.6205	0.4972	0.38551	0.29424	0.21017	0.15372	0.09687	
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