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1. Introduction

During RAN1#102e meeting, the following agreements have been achieved on PUSCH coverage enhancement.

Agreements:
· Prioritize the study on the performance and specification impacts on time domain based solutions for PUSCH enhancements, including

· Increase the number of repetitions for PUSCH repetition  type A 
· PUSCH repetition with non-consecutive slots/on the basis of available slots for TDD
· Note: whether increasing the number of PUSCH repetition for FDD depends on the outcome of AI 8.8.1.1.

· Enhancement on PUSCH repetition Type B

· E.g., actual repetition across the slot boundary, or the length of actual repetition larger than 14 symbols, etc.

· TB processing at least over multi-slot PUSCH

· e.g., single TB, sized for a single slot, but transmitted in parts over multiple slots; or single TB, sized for multiple slots, transmitted over multiple slots, and in conjunction with repetition, etc.

· FFS

· OCC spreading based repetition

· Symbol-level repetition

· TB interleaving

· RV repetition

· Early termination of PUSCH repetitions

Agreements:

· Following solutions are not considered for PUSCH enhancements in this study item in RAN1:

· Enhancements to improve spherical coverage / beam correspondence

· Reflective arrays

· Polarization aspects of the UL and/or DL reference signals
Agreements:
· Prioritize the study on the performance and specification impacts on DM-RS enhancements for PUSCH, including 

· Cross-slot channel estimation

· With a lower priority compared with cross-slot channel estimation (i.e., companies are encouraged to study it)

· Lower density

· E.g., DM-RS sharing among multiple PUSCH transmissions or lower DMRS density in the frequency domain.
· Higher density 
· E.g., in time or frequency domain, e.g., 1-comb pattern
· Adaptive configuration

· DM-RS balancing among frequency hops

Agreements:

· Multiple layer PUSCH transmission with DFT-S-OFDM for PUSCH enhancements can be studied with low priority.

· Study open-loop/closed loop Tx diversity for PUSCH enhancements with low priority.

Agreements:

· Study the performance and specification impacts on frequency domain based solutions for PUSCH, including

· Inter-slot frequency hopping 

· with more frequency offsets

· with more frequency hopping positions.

· Inter-slot frequency hopping with inter-slot bundling to enable cross-slot channel estimation

· Enhancements on frequency hopping for PUSCH repetition type B

· Note that the above inter-slot frequency hopping enhancement can apply for PUSCH repetition type B

· [Sub-PRB transmission for VoIP]
· FFS: details, e.g., number of tones, multi-slot aggregation

· FFS

· Intra-slot frequency hopping 

· with more frequency offsets

· with more frequency hopping positions.

Agreements:
· Study following power domain based solution for PUSCH enhancements

· Waveform design to optimize MPR/A-MPR

· [FDD high power UE]

· Power boosting for pi/2 BPSK 
In this contribution, we further discuss potential techniques for PUSCH coverage enhancement.       
2. Discussion
2.1. Time domain based techniques
Repetition is a simple and straightforward way to enhance the PUSCH coverage. In Rel-15, slot aggregation has been supported and PUSCH aggregation factor can be 2, 4 or 8. The aggregation factor is configured with RRC signaling. In Rel-16, dynamic PUSCH repetition is further supported for URLLC and the number of PUSCH repetition can be indicated in the scheduling DCI. Dynamic PUSCH repetition is beneficial for resource usage by quick adaptation of the channel state. In our view, these techniques can serve as the baseline for Rel-17 PUSCH coverage enhancement.

Proposal 1: Slot aggregation and dynamic repetition can be considered as the baseline for Rel-17 PUSCH coverage enhancement.
2.1.1 Repetition evaluation
To study the possible coverage improvement, evaluations are under taken for different scenarios, which were agreed in previous meetings. Simulation assumptions are in Table 1 of the appendix.  
Figure 1.1 to 1.6 is the results of required BLER and Throughput for eMBB services with different repetition factors. As it can be seen in Figure 1.1/1.3/1.5 that for low SNR, the decoding performance will be improved by repetition, assuming fixed MCS in the different cases. The UE throughput may not be increased by repetition in the Figure 1.2/1.4/1.6. In higher SNR, no repetition would be better. Considering the target data rate of UL is 1 Mbps in urban scenarios, the repetition scheme may not be sufficient. However, in the lower target data rate, eMBB coverage can be enhanced. Since the data services in low geometry would also be improved, the repetition enhancement should also be needed for eMBB.
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Figure 1.1 BLER for 2.6GHz (DDDDDDDSUU)
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Figure 1.2 Throughput for 2.6GHz (DDDDDDDSUU)
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Figure 1.3 BLER for 4GHz (DDDSU)
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Figure 1.4 Throughput for 4GHz (DDDSU)
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Figure 1.5 BLER for 4GHz (DDDSUDDSUU)
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Figure 1.6 Throughput for 4GHz (DDDSUDDSUU)


Observation 1: Assuming low and fixed MCS, the BLER performance can be improved while the target throughput for eMBB in Urban Scenarios cannot be improved with repetition. The target throughput for eMBB in Rural Scenarios can be enhanced by repetition.
Observation 2: Repetition scheme can also enhance the coverage for lower SNR and data rate lower than the target eMBB data rate.
Figure 1.7 to 1.9 is the results of required BLER and Throughput for VoIP services with different repetition factors and HARQ transmission. For comparison, the total transmissions are 8 for different cases.

It can be seen that HARQ transmission only (Rep=1, HARQ=8) can improve about 1~2 dB for the performance of VoIP service. This scheme actually allows that the Repetition stops at any time until the VoIP packet is correctly received. However, it will need too much control resources and would not be practical in real VoIP operation. In that sense repetition with adaptation shall be considered as an enhancement. 
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Figure 1.7 BLER for 2.6GHz with different repetition
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Figure 1.8 BLER for 4GHz with different repetition
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Figure 1.8 BLER for 4GHz with different repetition


Observation 3: When the maximum number of effective transmissions is fixed, adaptive repetition can achieve better performance. The adaptive repetition can be supported by HARQ mechanism with high control overhead or by enhance repetition mechanism.
2.1.2 Repetition enhancement
As in the evaluation for low SNR case in rural scenarios, it would require higher repetition factor. In that case the actually repetition time may need to be higher than the existing number, e.g. 16. 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. Thus, the adaptive repetition scheme should be introduced to make the coverage enhancement be really efficiently used.
One of the possible solution could reconsider technique been used in LTE. The repetition can be adaptive signaled to be stopped by gNB or autonomously stopped by UE side.

Proposal 2: Introducing higher aggregation factor for PUSCH repetition and adaptive PUSCH repetition with earlier termination. 
For PUSCH slot aggregation or PUSCH repetition, its impact on the frame structure shall be considered. During PUSCH slot aggregation procedure, PUSCH transmission would be skipped in a DL slot and the PUSCH would be transmitted in uplink slots or flexible slots. That would mean when PUSCH slot aggregation is triggered, all the flexible slots would be restricted as uplink slots and 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 is difficult for the gNB to change the transmission direction as downlink even when there is downlink traffic in between the aggregation slots.  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 4: PUSCH/PDSCH slot aggregation would restrict flexible slots as uplink/downlink, which restricts the scheduling flexibility.
Another issue shall be considered is that for the current slot aggregation, the transmission would be skipped in a slot with different slot direction but the slot number is still counted. It will result in insufficient decoding performance because of less actual transmission slots than configured.   
In order to solve the above two issues, it can be considered to restrict PUSCH/PDSCH repetition in preconfigured valid slots. PUSCH/PDSCH repetition can only be transmitted in these valid slots and only the transmission in these slots is counted.

Proposal 3: Restricting PUSCH repetition in preconfigured valid slots.
In regards of the PUSCH type B repetition, it should be clarified if the scheme will depend on higher UE capability, e.g. URLLC capable UE. This scheme will ask mini-slot based processing. The UE complexity would then be an issue. In that sense, the current preferred scheme would be slot based repetition.
2.2. DMRS enhancement 
In Rel-15, NR has supported flexible DMRS configuration for PUSCH transmission. The number of DMRS symbols and the density of DMRS can be properly configured based on UE’s channel states, e.g. CQI, velocity etc. For PUSCH repetition, there is still potential of DMRS enhancement.

Since PUSCH coverage enhancement is targeted for UEs working in low SINR range. The channel estimation would be the bottleneck for PUSCH decoding at the gNB. Therefore, cross-slot estimation can be considered to enhance the channel estimation performance. A link level simulation is performed to investigate the performance gain of channel estimation enhancement. The simulation assumptions are listed in Table 2 in the appendix.  In the simulation, a total number of 4 repetitions is assumed for PUSCH transmission. The performances with channel estimation enhancement and without channel estimation enhancement are illustrated in Figure 1. It is noted that with channel estimation enhancement the average of the initial channel estimation results is used for PUSCH decoding.  From Figure 1, it can be seen that about 0.7dB performance gain can be achieved with channel estimation enhancement.
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Figure 1 Performance gain of channel estimation enhancement
In order to make it possible to enable cross-slot estimation, the antenna ports and the PUSCH transmission spatial parameters shall be consistent during PUSCH repetitions.
In addition, how to balance the channel estimation performance and the DMRS overhead shall be considered. Since PUSCH would be repeated across multiple slots. The DMRS can be optimized across slots. For example,   for UE with low velocity or in static states, the DMRS can be placed only in some of the PUSCH slots while there is no DMRS in other PUSCH slots, the reduced DMRS overhead may be converted into PUSCH performance enhancement. Similarly, the DMRS patterns among different PUSCH slots can be different. 
In case higher repetition number, the frequency hopping can be based on multiple slot, instead of single slot. The channel estimation gain can then be utilized.
Proposal 4: Cross-slot estimation, DMRS-less and non-uniform distributed DMRS can be considered for PUSCH repetition. 
Supporting frequency hopping of PUSCH based on multiple slots.
2.3. Spatial diversity

Currently, during PUSCH slot aggregation procedure, the same PUSCH spatial filter parameters shall be used in all the PUSCH slots. In order to harvest the spatial diversity gain, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots.  
Proposal 5: During PUSCH repetition, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots.
2.4. Power domain based solution
During RAN1#102 meeting, whether to support high power UE for FDD was discussed in order to enhance uplink coverage. The high power class gain would require specific UE capability and power class. The consideration for normal UE power class is also important as the coverage enhancement should reflect the overall coverage of cell with different UEs.
In standardization scope view, high power UE for FDD will have impacts on SAR requirements in RAN4. Thus, it shall be discussed in RAN4.
Proposal 6: High power UE for FDD shall be discussed in RAN4.

3. Conclusions
In this contribution, we discussed potential techniques for PUSCH coverage enhancement and we have the following observation and proposals:   
Observation 1: Assuming the low fixed MCS, the BLER performance can be improve while the target throughput for eMBB in Urban Scenarios cannot be improved with repetition enhancement only. The while the target throughput for eMBB in Rural Scenarios can be enhanced by repetition.

Observation 2: Repetition scheme can also enhance the coverage in lower SNR and data rate lower than the target eMBB data rate.

Observation 3: When the maximum number of effective transmissions is fixed, adaptive repetition can achieve better performance. The adaptive repetition can be supported by HARQ mechanism with high control overhead or by enhance repetition mechanism.

Observation 4: PUSCH/PDSCH slot aggregation would restrict flexible slots as uplink/downlink, which restricts the scheduling flexibility. 

Proposal 1: Slot aggregation and dynamic repetition can be considered as the baseline for Rel-17 PUSCH coverage enhancement.
Proposal 2: Introducing higher aggregation factor for PUSCH repetition and adaptive PUSCH repetition with earlier termination. 
Proposal 3: Restricting PUSCH repetition in preconfigured valid slots.
Proposal 4: Cross-slot estimation, DMRS-less and non-uniform distributed DMRS can be considered for PUSCH repetition.
Supporting frequency hopping of PUSCH based on multiple slots.
Proposal 5: During PUSCH repetition, different PUSCH spatial filter parameters and different antenna ports can be applied for different PUSCH slots.
Proposal 6: High power UE for FDD shall be discussed in RAN4.
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5. Appendix
Table 1 link level simulation assumption for repitition
	Parameters
	Values

	Scenario
	Urban

	Duplexing scheme and frequency
	TDD: 2.6GHz
	TDD: 4GHz
	TDD: 4GHz

	VoIP
	A packet size of [320] bits with 20ms data arriving interval

	Latency requirements for voice
	50ms

	Target data rates for eMBB 
	1Mbps

	Frame structure
	DDDDDDDSUU
	DDDSU
	DDDSUDDSUU

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	30kHz

	BLER
	For eMBB, 10% iBLER; For VoIP, 2% rBLER.

	Occupied channel bandwidth
	100MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	300ns

	UE velocity
	3km/h for indoor

	PRBs
	30PRBs for eMBB、4PRBs for VoIP

	MCS index
	4(eMBB)、4(VoIP)
	4(eMBB)、4(VoIP)
	3(eMBB)、4(VoIP)

	PUSCH duration
	14OS
	14OS
	14OS

	Number of BS antennas
	192 (M,N,P,Mg,Ng) = (12,8,2,1,1)

	Number of TXRU for BS
	64 TxRUs

	Number of gNB receive chains
	2

	Number of UE antennas
	2

	Number of TRXU for UE
	1

	Number of UE transmit chains
	1

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

	Frequency hopping
	w/o

	HARQ configuration and Repetitions
	eMBB: w/o HARQ

· Repetition = 1 (Actual repetition = 1)

· Repetition = 8 (Actual repetition = 2)

· Repetition = 16 (Actual repetition = 4)

VoIP:  Total actual transmission times:8(DDDSU/DDDDDDDSUU)

· Repetition = 1 HARQ = 8 (Actual repetition = 1)

· Repetition = 8 HARQ = 4 (Actual repetition = 2)

· Repetition = 16 HARQ = 2 (Actual repetition = 4)

Total actual transmission times:12(DDDSUDDSUU)

· Repetition = 1 HARQ = 12 (Actual repetition = 1)

· Repetition = 8 HARQ = 4 (Actual repetition = 3)

· Repetition = 16 HARQ = 2 (Actual repetition = 6)


Table 2 link level simulation assumption for DMRS bundling

	Scenario
	Rural

	Duplexing scheme and frequency
	700MHz

	Target data rates for eMBB 
	100kbps 

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	15kHz for FDD

	BLER
	10% 

	Occupied channel bandwidth
	20MHz

	Pathloss model 
	NLoS

	Channel model 
	TDL-C

	Delay Spread
	30ns

	UE velocity
	3km/h 

	PRBs
	4

	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 and Repetitions
	w/ 4 repetition 
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