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Introduction
[bookmark: _Hlk22834419]In RAN#86 meeting, NR coverage enhancement SI was approved and the objective of coverage enhancement SI is listed below [1]:

	The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.



As listed in the objective, VoIP service are the one of target services for FR1 and FR2. This contribution provides the preliminary results for VoIP service in TDD and compare BLER of the PUSCH repetition type A introduced in Rel-15 NR and repetition type B introduced in Rel-16 NR. 
Discussion about PUSCH repetition for voice traffic in TDD case
We consider a rural scenario at 4GHz for the VoIP service. The features of voice traffic are: 
1. Vocoder output periodically happens at every 20 ms; 
2. Transmission bit rate is 12.2kbps and header for RoHC compress is about 60 bits; 
3. There is a limitation of delay budget, around 50ms for good quality of user experience. 
Since the repetition can provide the linear RX energy gain in case of good estimates of the channel and thus improve the coverage Maximum time resource may be used for PUSCH transmission during 20 ms in terms of coverage. Based on those features, in FDD, PUSCH for voice traffic can be transmitted with 4 slot aggregation and PUSCH for voice traffic can be re-transmitted at maximum 4 times by HARQ ACK/NACK since the maximum time resource per vocoder output is 20 ms in 15kHz SCS. However, in case of TDD scenario, the full Rx energy gain cannot be obtained since there is only fewer UL resource compared to DL resource in time domain. Especially for TDD configuration DDDSU with the 4 UL symbols in special (flexible) slot, the PUSCH transmission with repetition is restricted. Compared to FDD, the Rx energy gain by PUSCH repetition for voice traffic in TDD can be very small due to the lack of UL resource under the limitation of delay budget. For PUSCH repetition type A introduced in Rel-15 NR, there is a PUSCH transmission with 14 UL symbols in UL slot in both initial TX and 3 re-transmissions as shown in Figure 1. For PUSCH repetition type B introduced in Rel-16 NR, there is PUSCH transmission with 3 UL symbols in special (flexible) slot and 14 UL symbols in UL slot for 2 actual repetitions in both initial TX and 3 re-transmissions as shown Figure 1. 
Observation 1. For voice traffic, Rx energy gain by PUSCH repetition in TDD may be small. 
[bookmark: _GoBack]Observation 2. For voice traffic in TDD, additional UL symbols in special slot for each transmission can be used with PUSCH repetition type B compared to PUSCH repetition type A. 
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Figure 1. PUSCH transmission for voice traffic with repetition type A and B.

Preliminary results for PUSCH repetition type A vs. type B
In this section, BLER performance is compared for PUSCH repetition type A and PUSCH repetition type B with the simulation parameters for urban scenario in Table 1. The evaluation parameters for urban scenario at 4GHz are assumed in Appendix. 
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Figure 1. BLER comparison for PUSCH repetition type A and type B

Figure 1 shows that PUSCH repetition type B has about 0.8 dB gain and 1 dB gain compared to repetition type A at 0.1 target initial BLER and 0.02 target residual BLER, respectively. Therefore, PUSCH repetition type B should be considered for identifying the coverage of PUSCH in TDD system for Rel-16. 

Observation 3. For VoNR of TDD scenario, PUSCH repetition type B has about 0.8dB gain and 1 dB gain at 0.1 target initial BLER and 0.02 target residual BLER, respectively.
Proposal 1. PUSCH repetition type B should be considered for identifying the coverage of PUSCH in TDD system for Rel-16. 
Conclusion
This contribution provides the preliminary results for VoIP service in TDD and compare BLER of the PUSCH repetition type A and repetition type B. Following observations and proposals are made: 
Proposal 1. PUSCH repetition type B should be considered for identifying the coverage of PUSCH in TDD system for Rel-16. 
Observation 1. For voice traffic, Rx energy gain by PUSCH repetition in TDD may be small. 
Observation 2. For voice traffic in TDD, additional UL symbols in special slot for each transmission can be used with PUSCH repetition type B compared to PUSCH repetition type A.
Observation 3. For VoNR of TDD scenario, PUSCH repetition type B has about 0.8dB gain and 1 dB gain at 0.1 target initial BLER and 0.02 target residual BLER, respectively.
Reference
[1] RP-193240, New SID on NR coverage enhancement, RAN#86, Dec. 2019. 

Appendix 

	Scenario
	Rural for 4GHz

	System configuration
	4 GHz TDD

	Physical channel
	PUSCH

	SCS
	15 kHz

	Channel state
	LOS

	Channel model
	LOS: TDL-D

	
	Delay spread = 300ns

	UE speed
	NLOS O-to-I: 3km/h

	# of gNB Ant.
	64

	# of TXRUs for gNB
	2

	# of UE Ant.
	2(DL) / 1(UL)

	# of TxRUs for UE
	2(DL) / 1(UL)

	Transmission bit rate (bit/s)
	VoIP: 12.2kbps (304bits: 244 + 60 (header for RoHC compress))

	Occupied channel BW
	4 PRBs

	DMRS
	One DMRS symbol
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PUSCH transmission for voice traffic with repetition type A
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PUSCH transmission for voice traffic with repetition type B
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