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1. Introduction

During earlier meetings, the following agreements have been achieved on TB over multi-slot PUSCH for PUSCH coverage enhancement.

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

Agreement:
· The same number of PRBs per symbol is allocated across slots for TBoMS transmission.

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
Agreements:

For TBoMS, the maximum supported TBS should not exceed legacy maximum supported TBS in Rel-15/16, for the same number of layers. 
· FFS: Details and further constraints on the applicability of TBoMS.
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.

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.
Agreement:

Non-consecutive physical slots for UL transmission can be used to transmit TBoMS at least for unpaired spectrum.
· How TBoMS is transmitted over non-consecutive physical slots for UL transmission for unpaired spectrum is to be discussed further. 

· Whether and how non-consecutive physical slots for UL transmission can be used to transmit TBoMS for paired spectrum and SUL band as well, is to be discussed further.

Working Assumption
The concept of transmission occasion for TBoMS (TOT) is utilized for the purpose of discussion, where a TOT is constituted of time domain resources which may or may not span multiple slots

· FFS: details, whether multiple slots which constitute a TOT are consecutive or non-consecutive physical slots for UL transmissions

· FFS: other details. 
· FFS: whether such concept will be specified or not.
Agreements:
For the definition of a single TBoMS, down select among the following options:

· Option 1: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using a single RV. 

· FFS: whether and how the single RV is rate matched across the TOT, e.g., continuous rate-matching across the TOT, rate matched for each slot and so on.

· Option 2: Only one TOT is determined for a TBoMS. The TB is transmitted on the TOT using different RVs.

· FFS: how RV index is refreshed within the TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 

· Option 3: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using a single RV. 

· FFS: how the single RV is rate matched across single or multiple TOTs, e.g., rate matched for each TOT, rate matched for all the TOTs, rate matched for each slot and so on. 

· Option 4: Multiple TOTs are determined for a TBoMS. The TB is transmitted on the multiple TOTs using different RVs. 

· FFS: whether and how RV index is refreshed within one TOT, e.g. after each slot boundary, at every jump between two non-contiguous resources, if any, and so on. 

· FFS: the exact TBS determination procedure. 

· FFS: whether a single TBoMS can be repeated or not.

· FFS: other implications, e.g., power control, collision handling and so on. 
In this contribution, we further discuss potential techniques of TB over multiple slots.       
2. TB processing over multi-slot
2.1. Motivation for TB over multi-slot
As discussed earlier, introduction of TB over multi-slot(TBoMS) is mainly due to NR TB size determination problem in multiple slots [3], e.g., PUSCH repetition. The key problem is the TB size is only based on RE of single slot and results in unnecessary larger PRB if certain TB size have to be achieved. 
It essentially is TB size determination enhancement. The solution should directly introduce the TB size determination. As in the WID description this is quite clear scope: “TBS determined based on multiple slots and transmitted over multiple slots.” Although it does not explicitly restrict to apply TB over multi-slot for certain repetition type, the current candidate solutions only have PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA. They can map to existing PUSCH repetition types. Thus, we can simply decide one of the repetition types and apply the TBoMS to that repetition type. 

It seems that independently design enhanced repetition type A and TBoMS as 2 features is not preferred in light of the above analysis. That way will bring further problems. One is the coverage enhancement gain for each feature is not maximized. Increasing repetitions from 16 slots to 32 slots will bring up to 3dB gain. The TBoMS will bring up to 2dB. And those gains are not sufficient for all the scenarios by CE(RedCap) study. Thus, they should be supported in single feature.
Base on those considerations, we believe TBoMS should focus on the TB size determination process. And that TB size determination is used together with PUSCH repetition. It also includes the enhanced PUSCH repetition type A. 
Proposal 1: In TBoMS, TB size determination is configured with PUSCH repetition operation.
The TB can be transmitted in the multi-slot configured in the PUSCH repetition.

The enhanced Type A PUSCH repetition is included.
2.2. TBoMS and TDRA of PUSCH repetition
The TBoMS would calculate REs in multiple allocated slots. Based on the previous discussion, RAN1 is considering 2 types of resource allocations: PUSCH repetition type A like TDRA and PUSCH repetition type B like TDRA. Although there is no complete definition of the 2 types, the repetition operations in existing releases already provide 2 types of TDRA. 

Assuming PUSCH is in repetition type A operation, then the TDRA is type A like and applicable to determining TB size. For PUSCH in repetition type B, it then naturally provides type B like TDRA. All the TDRA can be used for TBoMS.

For PUSCH repetition type B, the benefit is it can use special slot of TDD. By better using this ‘extra’ resource, coverage can be improved. For PUSCH repetition type A operation, the advantage is the lower complexity as typical eMBB UE.

To keep lower complexity, we prefer to agree only one type TDRA for TBoMS. The type A like TDRA should be assumed. However, if we can assume the TBoMS is only looked as the TB size determination and it is on top of existing PUSCH repetition type B operation, then it is also could be an option depending on the UE capability about type B repetition.
Proposal 2: At least PUSCH repetition type A like TDRA is used for TBoMS.
The existing PUSCH repetition type A TRRA can be the starting point.
2.3. Non-consecutive physical slots
Another issue is how to support non-consecutive physical slots for UL transmission. There is not much use case for non-consecutive physical slots in FDD. UE is preferred to finish all the slots data for one TB before processing another TB.

In case of TDD, it has to perform the non-consecutive transmission. This due to the time division of DL transmission and UL transmission. Special slot is another reason. In typical TDD special slot configuration, UL symbols are too few. Assuming TBoMS will use type A like TDRA, the special slots have to be skipped as the scheduling would allocate much longer symbol duration per slot when coverage is limited. 
There are issues discussed for UE in TDD mode would require higher complexity. It has to pause and resume during the DL slot and special slot. Firstly, the potential complexity would be caused by the processing when it resumes the transmission in the next non-consecutive slot. However, the PUSCH repetition scheme in TDD mode already require that discontinuous transmission with fixed RV sequences. Secondly, the TB size limit for that TBoMS will also matter. UE can not hold the buffer when pause the transmission would also due to a large TB size needed to be prepared. Another consideration is the out of order transmission would be also be avoided in non-consecutive slot transmission for TDD.
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Figure 1. TDD UL/DL configuration and non-contiguous transmission of PUSCH repetition.
In our view, a non-contiguous transmission should be anyway supported. The TDD system would need even more coverage enhancement as there already limited number of UL slots. Since the PUSCH repetition in Rel-15/16 are already feasible, TBoMS would be supportable if it can be supported if we assume the same RV sequences are applied. Another possible way of better supporting the non-contiguous transmission is to set a smaller maximum TB size for TBoMS. In that case, UE will be able to buffering the needed rate matching bits in advance. Or, it can even be possible to re-generate the bits before each repetition slot. The TB size limit is reasonable for coverage enhancement as the TBoMS operated in coverage enhance mode will be with lower data rate. In any cases, the out of order or interleaved processing of TBoMS among different process should be avoided.
With current TOT definition of Option 1 and 3, the non-consecutive physicals slot can be supported by optimal rate matching over different slots/repetitions. For option 1 as example, it can continuously map bits from the first slot/repetition to the last slot/repetition by the TOT. 
It seems a unified frame work can be taken for both TDD and FDD.

Proposal 3: TBoMS support one TOT mapped over non-consecutive/consecutive physical slots for UL transmission.

2.4. Determining TB size by multi-slot
Enabling the TB over multi-slot can be realized by calculating the TB size from number of RE of multiple slots when the aggregation factor configured as larger than 1. In the PUSCH TB size determination, number of RE is estimated and caped from per slot time domain resource allocation and other parameters for one PRB. Then the estimated number of RE will multiply number of PRBs and the coding rate by MCS to give the Ninfo for the TB size quantization. 
By adding a larger than 1 factor to derive Ninfo, the TB size will be then based on multiple slots. As it can be seen, this should be configured only in case the repetition is configured. It may cause high coding rate exceeding 1, if determining TB size based on the new factor for single slot PUSCH transmission. Since that will be not decodable, we should not allow the configuration in single slot transmission.
In the above, it is using time unit of slot as we firstly consider Repetition type A. However, it is also applicable to repetition type B, if this can be supported by capability. In that case, the first L allocated symbols will be the TDRA allocation of that type B. Since this is only for approximate level of resource and MCS, with a selected number of RB and MCS indication by gNB, proper coding rate can be reached. So, that mechanism is sufficient for both types of TDRA.
Proposal 4: For coverage enhancement, TB size of PUSCH can be derived by a larger than 1 factor in case when PUSCH repetition is configured.
Ninfo can be multiplied by factor of 2, 4, 8 for determining TBS.
Further question is: should that number of slots (aggregation factor) can be directly used for Ninfo determination. From Type A repetition, we see large slot number may results in too low coding rate. It then would be more flexible for a dedicated multi-slot TB size factor. Also, as the PUSCH repetition Type A enhancement can introduced even larger factor than 16, the separated factor will help for deriving TB size in 1 PRB in that large repetition.
For Rel-16 PUSCH repetition, the multi-slot TB size factor can be considered to be included in TDRA entries as the number of slots. However, it is still good enough to have a single parameter for all.
Proposal 5: A multi-slot TB size factor is introduced for TB size determination in case when PUSCH repetition is configured.

The multi-slot TB size factor is not larger than configured number of slots for repetition.

2.5. Evaluation and RV mapping multi-slot
In [3], we simulated legacy TB size determination under PUSCH Type A repetition, comparing with the enhanced TB size.  In the evaluation, the enhanced scheme assumed 1 RV mapping across slots. Comparing with the legacy scheme of PUSCH repetition with same number of slots, it can show up to 2 dB gain. The gain also goes higher as the number of slots increasing.
To evaluate different RV mapping options, further simulation is done in this contribution. The fixed RV sequence mapping is included due to the discussion about UE complexity in section 2.3. The Simulation assumption is in the Appendix.
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Fixed RV mapping – TDD UL/DL configuration DDDSUDDSUU:
	-
	D
	D
	D
	S
	U
	D
	D
	S
	U
	U
	D
	D
	D
	S
	U
	D
	D
	S
	U
	U

	RV
	
	
	
	
	0
	2
	3
	1
	0
	2
	3
	1
	0
	2
	3
	1
	0
	2
	3
	1


	-
	D
	D
	D
	S
	U
	D
	D
	S
	U
	U
	D
	D
	D
	S
	U
	D
	D
	S
	U
	U

	RV
	
	
	
	
	0
	2
	3
	1
	0
	2
	3
	1
	0
	2
	3
	1
	0
	2
	3
	1


[image: image3.png]BLER

Different RV scheme for Repetitiond - DDDSUDDSUU

10°
—&— Continuous by one RV
—%— Fixed RV-actual by{0.02.3]
—8— Fixed RV-actual by{023.3)
107
102
0 8 6 -4 2 0 2 4 6

SNRin dB




Figure2. Single RV continuous mapping and Fixed RV sequence mapping, number of slots = 4

In the results, it can be seen that continous single RV mapping will perform better than fixed RV squence in TDD the UL/DL configuration. Fixed RV sequence  actually miss RV1. That RV sequence is in the exsiting Repetition scheme. Without the full RVs, it atually loss 1dB.
The gain of single RV is also coming from better coded bits distribution. As discussed before, the enhanced scheme will include all the system bits in transmission and swipe to the remaining parity bits. In the fixed RV sequence among slots, higher repetition factor will result in each slot can only transmit part of system bits or parity bits. RV cycling around can even let the transmissions jumping over some coded bits in the circular buffer, which is also not uniform.

The main consideration of fixed RV sequences is simplicity as a proven processing of Rel-15/16. However, continuous single RV does not make much extra complexity. UE can resume from the point in the buffer in a new slot. In another perspective, if UE can encode/modulate the same amount of RE in single slot operation, then it can do the same encoding/modulation before each slot. At the end, there is still problem, TB size can be restricted for TBoMS.
To maintain a single RV continuous mapping, some low complexity schemes can be considered. One example is that an offset factor can be introduced for bit selection in rate matching.

Proposal 6: Single RV scheme can be used across all the repetition slots in case of TB size over multi-slot and PUSCH repetition is configured.
Reducing the complexity of TB and RE processing in each slot, e.g., restricting TB size.
Consider an offset factor for bit selection.
3. Conclusions
In this contribution, we discussed potential techniques for PUSCH coverage enhancement with TB size over multi-slot (TBoMS). We see the need to support the scheme in PUSCH repetition. Simulations are done for detail schemes of the TB size determination. To ensure the coverage enhancement gain, specific TBoMS process is considered. In summary, we have the following proposals:   

Proposal 1: In TBoMS, TB size determination is configured with PUSCH repetition operation.
The TB can be transmitted in the multi-slot configured in the PUSCH repetition.

The enhanced Type A PUSCH repetition is included.
Proposal 2: At least PUSCH repetition type A like TDRA is used for TBoMS.

The existing PUSCH repetition type A TRRA can be the starting point.
Proposal 3: TBoMS support one TOT mapped over non-consecutive/consecutive physical slots for UL transmission.

Proposal 4: For coverage enhancement, TB size of PUSCH can be derived by a larger than 1 factor in case when PUSCH repetition is configured.

Ninfo can be multiplied by factor of 2, 4, 8 for determining TBS.
Proposal 5: A multi-slot TB size factor is introduced for TB size determination in case when PUSCH repetition is configured.

The multi-slot TB size factor is not larger than configured number of slots for repetition.

Proposal 6: Single RV scheme can be used across all the repetition slots in case of TB size over multi-slot and PUSCH repetition is configured.
Reducing the complexity of TB and RE processing in each slot, e.g., restricting TB size.

Consider an offset factor for bit selection.
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5. Appendix
Table 1 link level simulation assumption for repetition

	Parameters
	Values

	Scenario
	Urban

	Frequency
	2.6GHz

	Frame structure
	DDDDDDDSUU/DDDSU/DDDSUDDSUU

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz

	Occupied channel bandwidth
	100MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	3km/h

	PRBs
	1PRB

	TBS
	320bits （QPSK）

	PUSCH duration
	14OS

	# BS Rx chains
	2

	# UE Tx chains
	1

	DMRS configuration
	Type I, 1 DMRS symbol, no multiplexing with data.

	Frequency hopping
	w/o

	HARQ configuration
	w/o HARQ

	TBoMS
	4slot
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