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1. Introduction

During RAN1#103e meeting, the following agreements have been achieved on PUSCH coverage enhancement.

Agreements: Capture the followings into the TR

· TB processing over multi-slot PUSCH was studied from several aspects, including TBS determined based on single slot and transmitted in parts over multiple slots, TBS determined based on multiple slots and transmitted over multiple slots.
· Potential specification impacts of TB processing over multi-slot PUSCH include:

· TDRA (Time-Domain Resource Allocation), TBS determination, RV determination.

· Note that power consistency, phase continuity and enhancements for DM-RS configurations may or may not be required depending on factors such as cross-slot channel estimation, etc.
Agreements: Capture the following observation into the TR.
TB processing over multi-slot PUSCH is beneficial for PUSCH coverage enhancements. It is recommended to support TB processing over multi-slot PUSCH in Rel-17, including:

· TBS determined based on multiple slots and transmitted over multiple integer slots.

In the TR, it is also commonly observed with gain for TB over multiple slots in link level and link budget.

In the WID [1] by the last RAN meeting, the PUSCH repetition type A enhancement is concluded as following: 
·  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. 

In this contribution, we further discuss potential techniques of TB over multiple slot to enhance PUSCH coverage.       
2. TB processing over multi-slot
When NR introduce PUSCH/PDSCH repetition, it is based on the single slot operation. The repetition have to copy identical TBS determination, resource allocation in both time and frequency domain, MCS indication, RE mapping and other factors in single slot. The TBS determination for single slot is based on the reference RE number, which is derived from resource allocation and semi-static signaled overhead. TBS determination is to deal with very flexible allocation of RE in one slot. 
However, it does not take into account the number of reference REs in multiple slots. In perspective of channel coding, the higher number repetition up to 8 slots can results in 1/8 of coding rate in a single slot. It then cannot utilize the coding gain as the coding rate is very low.
For LTE, this is repetition scheme does not have problem. The TBS of LTE is based on the look-up table and all number of RBs have the needed TB sizes, especially for VoIP services.

For NR, it is conclude the TB over multiple TBs can address the issue. It can be optimized the RB allocation for coverage limited case. For VoIP, we can allow 1 PRB allocation for payload like 320 bits without assign too high MCS. Thus, higher power density will extend the coverage of PUSCH transmission.
2.1. Determining TB size by multi-slot evaluation
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 than1. 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.
Proposal 1: 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 the factor of 2, 4, 8 for determining TBS.
As PUSCH repetition we discussed in the companion contribution [3], the PUSCH repetition Type A will also be enhanced. The TB over multi-slot should also be supported in the enhanced Type A scheme, as those are highly correlated. For all the PUSCH repetition schemes, aggregation factor have to be used. 

Further question is should that aggregation factor can be directly used for Ninfo determination. From Type A repetition, we see large Aggregation factor 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 as 16, the separated factor will help for deriving TB size in 1 PRB in that large repetition.
Another motivation to consider it the coverage limited case will use lower modulation order. The PI/2 BPSK would be more reasonable. Several sources also evaluated the lower PAPR gain under the PI/2 BPSK and confirm it is more important for coverage. The PI/2 BPSK only have up to 6 entries in the MCS tables. Adding an independent multi-slot TB size factor will also make more TBS / PRB combinations possible in the low coverage operation.

Proposal 2: A TB size over multi-slot should be configurable in case of enhanced PUSCH repetition Type A is configured.

Proposal 3: 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 aggregation factor.

To further evaluate the scheme, we simulate legacy TB size determination under PUSCH Type A repetition, comparing with the enhanced TB size. Simulation assumption is in the Appendix.
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Figure1. 1RB allocation with legacy TBS and enhanced TBS, pusch-AggregationFactor = 4

For the legacy TBS, the 320 bits VoIP payload in 1 PRB will need a higher MCS. In the simulation, MCS 14 have to be used and then slightly higher modulation order will be inevitable. This is not in favor of coverage limited UE.  As it can be seen in the results, close to 1 dB gain can be achieved by the enhanced TBS determination. Naturally, it is also translated to the gain of per UE throughput, which is higher in lower SNR regions.
2.2. TB size and RV mapping multi-slot
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Figure2. Performance trend, pusch-AggregationFactor increased from 4 to 8

The enhanced scheme also apply single RV in the transmission across multiple slots. Comparing with the fixed RV sequence of legacy schemes in Type A repetition. The single RV can allow uniformly distribution of coded bits into the slots. 

We further simulate the repetition and have the Aggregation Factor 4 and 8 in the same plot. It shows the performance difference between legacy TBS and enhancement TBS schemes increase to close to 2 dB in 2% BLER. The RV0 is applied in the single RV scheme.
The further gain is coming from better coded bits distribution. The enhanced scheme will include all the system bits in transmission and swipe to the remaining parity bits. In the legacy TBS, higher repetition factor will results 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.

Proposal 4: Single RV scheme can be used across all the repetition slots in case of TB size over multi-slot and PUSCH repetition is configured.
3. Conclusions
In this contribution, we discussed potential techniques for PUSCH coverage enhancement with TB size over multi-slot. We see the need to support the scheme in PUSCH repetition. Simulations are done for detail schemes of the TB size determination. In summary, we have the following proposals:   

Proposal 1: 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 2: A TB size over multi-slot should be configurable in case of enhanced PUSCH repetition Type A is configured.

Proposal 3: 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 aggregation factor.

Proposal 4: Single RV scheme can be used across all the repetition slots in case of TB size over multi-slot and PUSCH repetition is configured.
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5. Appendix
Table 1 link level simulation assumption for repetition
	Parameters
	Values

	Scenario
	Urban

	Frequency
	2.6GHz

	Frame structure
	FDD

	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

	MCS index
	4 MultiSlot (QPSK)

14 SingleSlot (16QAM)

	TBS
	320bits

	PUSCH duration
	14OS

	# BS Rx chains
	2

	# UE Tx chains
	1

	DMRS configuration
	Type I, 2 DMRS symbol, no multiplexing with data.

	Frequency hopping
	w/o

	HARQ configuration
	w/o HARQ


