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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
· Enhancements on PUSCH repetition type A were studied from several aspects, including increasing the maximum number of repetitions, the number of repetitions counted on the basis of available UL slots and flexible symbol resource allocation in different slots.

· Potential specification impacts of enhancements on increasing the maximum number of repetitions include:

· TDRA (Time-Domain Resource Allocation).

· Potential specification impacts of enhancements on the number of repetitions counted on the basis of available UL slots include:

· TDRA (Time-Domain Resource Allocation).

· Mechanism to determine transmission occasion of actual repetition.

· Mechanism to determine whether flexible special slot can be determined as an available UL slot.

· Potential specification impacts of enhancements on flexible symbol resource allocation in different slots include:

· TDRA (Time-Domain Resource Allocation).

· Mechanism to determine UL symbols for each slot.
Agreements: Capture the following observation into the TR.

· Enhancements on PUSCH repetition type A is beneficial for PUSCH coverage enhancements for TDD. It is recommended to support enhancements on PUSCH repetition type A in Rel-17, including the following two options (potential down-selection during the WI phase):

· Option 1: Increasing the maximum number of repetitions, e.g., up to 32.

· Option 2: The number of repetitions counted on the basis of available UL slots.

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 the following mechanisms for enhancements on PUSCH repetition type A [RAN1]
· Increasing the maximum number of repetitions up to a number to be determined during the course of the work.

· The number of repetitions counted on the basis of available UL slots.

· Specify mechanism(s) to support TB processing over multi-slot PUSCH [RAN1]

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

· Specify mechanism(s) to enable joint channel estimation [RAN1, RAN4]

· Mechanism(s) to enable joint channel estimation over multiple PUSCH transmissions, based on the conditions to keep power consistency and phase continuity to be investigated and specified if necessary by RAN4 [RAN1, RAN4]
· Potential optimization of DMRS location/granularity in time domain is not precluded

· Inter-slot frequency hopping with inter-slot bundling to enable joint channel estimation [RAN1]
In this contribution, we further discuss on how to enhance the PUSCH repetition type A for coverage.       
2. Enhancements for Repetition
In Rel-15, Type A PUSCH repetition has been supported and PUSCH aggregation factor can be 2, 4 or 8. The aggregation factor is configured by RRC signaling. 
Evaluations for enhancement on PUSCH repetition Type A are done for different scenarios, which were summarized in previous meetings. Most of simulation results has shown gains even comparing repetition counting on applicable slot with pure HARQ retransmissions to actually transmit in same number slots.  
It is also observed that when the maximum number of actual transmissions is fixed, enhanced repetition can have less HARQ transmission and save more downlink control overhead. Especially for VoIP, repetition is important for better coverage. If the transmissions are all triggered by HARQ mechanism with large number of DCIs, the overhead will be too high for a normal VoIP services. Besides, the configured grant scheme was intended to save the DCI grant for that semi-persistent scheduling. 
2.1. Larger aggregation factor
Also shown in the evaluation for low SNR case in rural scenarios [2], 8repetition still shows coverage gap for the target PUSCH data rate of eMBB services. For VoIP traffic, the 8repetition has no good coverage. It then would require higher repetition factor. The actually repetition time may need to be configured higher than the existing number, e.g. introducing 16 or even larger. Then the FDD case can ensure coverage of PUSCH.

As for TDD scenarios also important, the large aggregation factor would also help enhancing in different TDD UL/DL configuration. In evaluation typical TDD scenarios are DDDDDDDSUU (2.6 GHz), DDDSU (4 GHz) and DDDSUDDSUU (4 GHz). The UL slots is not more than 20% percent. Increasing aggregation factor also helps increasing the actual transmissions in one PUSCH scheduling, thus it increase TDD coverage without DCI overhead. 
Proposal 1: Introducing higher aggregation factor for PUSCH repetition Type A. 
Coverage Enhanced UE can be semi-statically configured with aggregation factor 16 and 32.
2.2. Repetition in available slots
Due to the TDD UL/DL configuration and flexible frame structure of NR, the time domain resource allocation (TDRA) of PUSCH by the UL grant may not fit into every slot. Type A repetition have to omit the slot by still count the repetition, when the slot cannot be transmitted. In TDD, it may means the special slot and DL slot will not be used. As we can see in previous analysis, this means quite few slot can actually repeat. 
To address this issue, enhanced repetition scheme should postpone the transmission if a slot cannot transmit the repetition of a TB. Repeating transmission stop until number of repetitions transmitted as configured by the aggregation factor. Also as we seen in the analysis, it is important for TDD even in case larger aggregation factors introduced.

Proposal 2. In enhanced PUSCH repetition Type A from start of PUCCH repetition, UE should postpone the transmission if a slot cannot transmit the repetition of a TB.

The repetition only count in transmitted slot.

Repeating transmission stop until number of repetitions transmitted as configured by the aggregation factor.
For Type A repetition, the slot omitting criteria is: in case any of symbol in a slot does not match the transmission direction among the starting and ending symbols in TDRA. This is not efficient for semi-static TDD configuration, which have 1 special slot in each configuration period. An enhanced one is considered: UE can transmit in the slot with available symbols for PUSCH transmission.

We have 2.6GHz DDDDDDDSUU as evaluation case. The special slot is configured as symbol set (6D: 4G: 4U). We evaluated the performance different between the Type A repetition and enhanced repetition.
	Type A
	Available Slots
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Figure1. Repetition based on available symbols and Type A, pusch-AggregationFactor = 4
	Type A
	Available Slots
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Figure2. Repetition based on available symbols and Type A, pusch-AggregationFactor = 2

It can be observed from the results that the enhanced repetition can provide additional coverage gain. If the aggregation factor configured as 4, the one more special slot will provide 3 actual repetition. The Type A only have 2. If the aggregation factor is configure as 2, then more than 1 dB coverage gain can be achieved. In the evaluation we can see the UE throughput can be improved in low SNR region. This is also beneficial for coverage enhancement scenarios.
The PUSCH DMRS mapping of NR is also flexible for different PUSCH durations per slot. Semi-static DMRS configuration values are mapped to different PUSCH symbol durations. This scheme can be naturally allow this flexible mapping of repetition into special slot. This adaptive transmission of repetition can also ensure the transmissions with more correlated channels.
For other flexible configured frame structures, it is applicable.
Proposal 3: A valid slot for PUSCH repetition can be a slot with number of consecutive UL symbols able to be mapped with PUSCH and DMRS.
Further into the PUSCH repetition detail, the frame structure definition should be fully considered. In normal PUSCH scheduling and dynamic frame structure, a PUSCH can be transmitted in uplink symbols or flexible symbols. This is also the case for PDSCH, which will change flexible symbol into downlink. One UE dynamically using a flexible symbol will then impact other UEs. If one of the other UE are transmitting PUSCH in repetition (slot aggregation), it have to follow the same direction. 

It is also the case that we have flexible slots. When PDSCH slot aggregation is triggered, all the flexible slots would be restricted as downlink slots. Since the maximum slot aggregation factor is 8, it would mean that such restriction would cause that the direction of at most 8 consecutive flexible slots to be uplink or downlink, as shown in Figure 1. It would be difficult for another UE change the transmission back in the middle. Methods on how to solve such restriction issue shall be considered.
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Figure 2 Frame structure restriction due to slot aggregation

Observation 1: PUSCH/PDSCH slot aggregation would restrict flexible slots as uplink/downlink, which restricts the scheduling flexibility.

Considering the coverage enhancement scenarios, it can only use the symbols semi-statically configured as UL for PUSCH repetition transmission.
Proposal 4: When determine a slot for PUSCH repetition, only symbols semi-statically configured as UL are used.

3. Conclusions
In this contribution, we discussed the enhancement of PUSCH repetition Type A for coverage enhancement. We give the solutions for how to extend the existing aggregation factors. We also gives the adaptive repetition based on the available slots and repetition counting scheme to fully use UL resources. As summry, we have the following observation and proposals:   
Observation 1: PUSCH/PDSCH slot aggregation would restrict flexible slots as uplink/downlink, which restricts the scheduling flexibility.

Proposal 1: Introducing higher aggregation factor for PUSCH repetition Type A. 
Coverage Enhanced UE can be semi-statically configured with aggregation factor 16 and 32.
Proposal 2. In enhanced PUSCH repetition Type A from start of PUCCH repetition, UE should postpone the transmission if a slot cannot transmit the repetition of a TB.

The repetition only count in transmitted slot.

Repeating transmission stop until number of repetitions transmitted as configured by the aggregation factor.

Proposal 3: A valid slot for PUSCH repetition can be a slot with number of consecutive UL symbols able to be mapped with PUSCH and DMRS.
Proposal 4: When determine a slot for PUSCH repetition, only symbols semi-statically configured as UL are used.
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5. Appendix
Table 1 link level simulation assumption for repetition
	Parameters
	Values

	Scenario
	Urban

	Frequency
	2.6GHz

	Frame structure
	2.6GHz: DDDDDDDSUU (6D:4G:4U)  

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz

	BLER
	10% iBLER;

	Occupied channel bandwidth
	100MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	3km/h for indoor

	PRBs
	30PRBs for eMBB

	MCS index
	0

	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
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