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1. Introduction
In RAN#96 meeting, the WI on Further NR coverage enhancements was approved. In the last RAN4 meeting, the test scope of performance part for further NR coverage enhancements was under discussed. The related agreement was captured in the WF as following [1]
	· Multiple PRACH transmission requirements
· Whether to define BS performance requirements for Multiple PRACH transmission
· RAN4 to define performance requirements for Multiple PRACH transmission with same preamble
· Coverage of frequency range (FR) for Multiple PRACH transmission
· Prioritize FR2-1
· Further discuss whether to cover FR1
· Sequence length for BS performance requirements for Multiple PRACH transmission
· Option 1: Only define PRACH requirements for normal mode and sequence length 139
· Other options are not precluded
· PRACH repetition number for BS performance requirements for Multiple PRACH transmission
· Option 1: Test 8 times for PRACH repetition if the SNR value could be testable
· Option 2: Define PRACH requirements for 2 PRACH transmissions
· Other options are not precluded
· PRACH preamble format for BS performance requirements for Multiple PRACH transmission
· Option 1: Use PRACH format B4
· Option 2: Cover PRACH preamble format A1, A2, A3, B4, C0 and C2
· Antenna configuration for BS performance requirements for Multiple PRACH transmission
· FR1 (if introduced)
· Option 1: 1x2
· Option 2: 1x2, 1x4, 1x8
· FR2-1
· Option 1: 1x2
· Channel model for BS performance requirements for Multiple PRACH transmission
· FR1 (introduced)
· Option 1: TDLC 300-100 Low and AWGN channels
· Option 2：Use CDL-A to define requirements for PRACH coverage enhancements to capture spatial gains
· FR2-1
· Option 1: TDLA30-300 Low and AWGN channels
· Option 2: Use CDL-A to define requirements for PRACH coverage enhancements to capture spatial gains
· Frequency offset for BS performance requirements for Multiple PRACH transmission
· For AWGN for both FR1 (if introduced) and FR2-1
· Option 1: 0Hz
· Other options are not precluded
· For fading channel for FR1 (if introduced)
· Option 1: 400Hz
· Other options are not precluded
· For fading channel for FR2-1
· Option 1: 4000Hz
· Other options are not precluded
· Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· FR1 (if introduced)
· Option 1: 15kHz and 30kHz
· Other options are not precluded
· FR2-1
· Option 1: Use 60kHz SCS
· Option 2: Cover 60kHz SCS and 120kHz SCS
· Option 3: 120kHz SCS
· Power domain enhancements
· Whether to define BS performance requirements for increased UE Tx power
· Do not define BS performance requirements for increased UE Tx power
· Whether to define BS performance requirements with Frequency Domain Spectrum Shaping (FDSS)
· Option 1: Define BS performance requirements with FDSS
· Option 2: Not to define BS performance requirements with FDSS
· Dynamic Waveform Switching
· Whether to define BS performance requirements for dynamic waveform switching
· Not to define BS performance requirements for dynamic waveform switching



In this contribution, the view on the remaining issue of test scope and test setup for BS requirement for further coverage enhancement.
[bookmark: _Hlk149170900]2	Test scope of BS demodulation requirement
Whether to define BS requirements with FDSS
In the last meeting, the test scope of BS demodulation requirement for coverage enhancement was under discussed based on the objective agreed in the WID. The only remaining issue is to whether defining BS requirement requirements with FDSS, there is no conclusion yet.
For FDSS, the main purpose is aiming to reduce the PAPR of the signal input to the PA and thus reduce PA backoff power while maintain PA linearity to the unwanted and in-band emission and signal quality performance (ACLR, SEM, Spur, IBE, EVM, spectrum flatness), it has impact UE RF requirements
In general, FDSS is one of transparent scheme for MPR/PAR reduction. It doesn’t impact on RAN1 specifications so that network has no knowledge on how UEs reduce MPR by spectrum shaping, but network needs to be aware if UE is using this scheme or not, i.e., it’s configured with the UE by network while UE is allowed to use preferred shaping as far as corresponding requirements are met if the feature is configured with the UE. The FDSS processing can be viewed as adding a window function in the frequency domain for shaping filter. The window length should be equal to the number of REs allocated for PUSCH transmission.
In Rel-15 and Rel-16, FDSS without SE is basically supported for pi/2 BPSK, the exact sharing function is not defined in the specification, which means UE can pursue their own implementation and performance optimization to guaranteed the specified minimum requirements related to transmit signal spectral flatness, inband/OOB emission, and EVM.
Observation 1: No specific spectrum shaping was defined for Pi/2 BSPK with FDSS
Similar, for QPSK with FDSS, there is no exact sharing function defined in RAN4 RF session, then, we think the existing receiver can still be reused. Therefore, we think no PUSCH demodulation requirement shall be introduced with FDSS for PAR/MPR reduction
Proposal 1: No PUSCH requirement need to be introduced with FDSS for PAR/MPA reduction 
3	Test setup of BS demodulation requirement
PRACH format
During the SI phase of coverage enhancement, PRACH enhancements were studied from several aspects, including multiple PRACH transmission with the same beam, PRACH with different beams, and PRACH enhancements with fine beam. 
Regarding the PRACH formats, according to SI, serval formats were considered for evaluation, including format 0, format C2 and format B4. Based on the evaluation, PRACH format B4 was identified as the potential bottleneck channel.  Therefore, we would like to focus on PRACH format B4 for multiple PRACH transmission requirements.
Proposal 2: RAN4 only consider PRACH format B4 requirements with multiple PRACH transmission.
Frequency range for multiple PRACH transmission 
For frequency range, although there is no specific scenario for multiple PRACH transmission is only applied for FR2, the performance gain is relatively small in FR2 compared that in FR1, therefore, we prefer to focus on FR2-1 firstly. 
Given both FR1 and FR2-1 were considered for Rel-17 coverage enhancement requirements definition without any limitation. Meanwhile, based on WID, there is a note to indicate 
	· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.



Therefore, we are open to further discuss whether FR1 should be also considered.
Proposal 3: RAN4 should prioritize PRACH requirements with multiple PRACH transmission in FR2-1. FFS on PRACH requirements with multiple PRACH transmission in FR1
Sequence length for PRACH requirements with multiple PRACH transmission
For sequence length for short formats, in Rel-15, only short formats requirement with sequence length as LRA=139 were introduced. The short formats requirements with sequence length as LRA=1151 for 15KHz SCS was introduced in Rel-16, while the main targeting BW should be 20MHz channel bandwidth in unlicensed band.
The PRACH requirements in both normal mode and high-speed mode were introduced in Rel-15 an Rel-16. For coverage enhancement, since the purpose is not targeting for unlicensed band and high-speed train, only PRACH requirements in normal mode, with sequence length as LRA=1151 is considered for requirement definition.
Proposal 4: RAN4 only define PRACH requirements for normal mode with sequence length as LRA=139.

Number of repetitions 
For PRACH requirement with multiple PRACH transmission, the same preamble can be transmitted within the same frequency resource within number of repetitions as {2, 4,8}. Considering repetition 2 and repetition 4 was considered during the study phase based on feasibility study in companies’ simulation results, from test purpose of multiple Preamble combining processing aspect, we think PRACH with 2 repetitions should fulfill the test purpose. Meanwhile, with larger number of repetitions, the achieved SNR for PRACH format 4 can be lower than -20dB based on existing requirement of PRACH format B4, whether the achieved SNR could be tested or not is required the confirmation of TE vendors.
Therefore, to consider the test purpose and testable SNR, we prefer to define PRACH requirements with 2 PRACH transmissions.
Proposal 5: RAN4 consider to define PRACH requirements with 2 PRACH transmissions
Antenna configuration 
For FR2, considering the OTA demodulation test limitation, only 2 demodulation branches can be tested. For FR1, since the test purpose is to verify the multiple preambles transmission with combining operation, there is no difference with difference Rx configuration, therefore, we prefer to define PRACH requirement with antenna configuration as 1x2 for FR1, if agreed to introduce.
Proposal 6: RAN4 consider to define PRACH requirements with the following antenna configuration
· FR1 (if introduced)
· 1T2R
· FR2
· 1T2R

Channel Model
Both TDL and AWGN channel were considered for PRACH requirements. Although CDL channel was considered in the RAN1 evaluation, from RAN4 requirements aspect, TDLA channel with considering the normalization channel gain is used. Therefore, the existing channel model for PRACH requirements can be reused.
Proposal 7: RAN4 consider the following channel model for PRACH requirements with multiple PRACH transmission
· FR1 (if introduced)
· TDLC300-100 Low and AWGN
· FR2
· TDLA30-300 Low and AWGN

Frequency offset
Since high-speed train model is not the targeting scenario for coverage enhancement, therefore, the existing frequency offset can be reused with assuming 0.1ppm frequency error based on carrier frequency. In Rel-15, 4GH carrier frequency and 40GHz carrier frequency were assuming for simulation assumption in FR1 and FR2, separately. Therefore, the same value can be reused for PRACH requirements with multiple PRACH transmission.
Proposal 8: RAN4 consider the following frequency offset for PRACH requirements with multiple PRACH transmission
· AWGN 
· 0Hz
· FR1 (if introduced)
· 400Hz
· FR2-1
· 4000Hz

SCS for BS performance requirements for PRACH repetition
In Rel-17, both 60KHz and 120KHz were considered for coverage enhancement requirement in FR2-1. Therefore, the same SCS can be used for PRACH requirements with multiple PRACH transmission.
Proposal 9: RAN4 consider the following SCS for PRACH requirements with multiple PRACH transmission
· FR1 (if introduced)
· 15KHz and 30KHz, 1.25KHz
· FR2-1
· 60KHz and 120KHz

Others test parameters 
For other test parameters, such as test preamble configuration, test metric, the existing values can be reused.
Proposal 10: RAN4 reuse the existing test parameters for specifying the PRACH requirement with multiple PRACH transmission
· Test preamble configuration

	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, 
	120
	69
	0
	0



· Test error tolerance for AWGN and TDLA30-300

	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLA30-300
	

	B4,
	60
	0.13 us
	0.28 us
	

	
	120
	0.07 us
	0.22 us
	



· Test metric
· Missing detection: 1%
·  False alarm probability: 0.1%
4	Conclusion
In this paper, the view on test scope of BS demodulation requirement for coverage enhancement
Observation 1: No specific spectrum shaping was defined for Pi/2 BSPK with FDSS
Proposal 1: No PUSCH requirement need to be introduced with FDSS for PAR/MPA reduction 
Proposal 2: RAN4 only consider PRACH format B4 requirements with multiple PRACH transmission.
Proposal 3: RAN4 should prioritize PRACH requirements with multiple PRACH transmission in FR2-1. FFS on PRACH requirements with multiple PRACH transmission in FR1
Proposal 4: RAN4 only define PRACH requirements for normal mode with sequence length as LRA=139.
Proposal 5: RAN4 consider to define PRACH requirements with 2 PRACH transmissions
Proposal 6: RAN4 consider to define PRACH requirements with the following antenna configuration
· FR1 (if introduced)
· 1T2R
· FR2
· 1T2R
Proposal 7: RAN4 consider the following channel model for PRACH requirements with multiple PRACH transmission
· FR1 (if introduced)
· TDLC300-100 Low and AWGN
· FR2
· TDLA30-300 Low and AWGN

Proposal 8: RAN4 consider the following frequency offset for PRACH requirements with multiple PRACH transmission
· AWGN 
· 0Hz
· FR1 (if introduced)
· 400Hz
· FR2-1
· 4000Hz

Proposal 9: RAN4 consider the following SCS for PRACH requirements with multiple PRACH transmission
· FR1 (if introduced)
· 15KHz and 30KHz, 1.25KHz
· FR2-1
· 60KHz and 120KHz

Proposal 10: RAN4 reuse the existing test parameters for specifying the PRACH requirement with multiple PRACH transmission
· Test preamble configuration

	Burst format
	SCS (kHz)
	Ncs
	Logical sequence index
	v

	
	60
	69
	0
	0

	B4, 
	120
	69
	0
	0



· Test error tolerance for AWGN and TDLA30-300

	PRACH 
	PRACH SCS 
	Time error tolerance

	preamble
	(kHz)
	AWGN
	TDLA30-300
	

	B4,
	60
	0.13 us
	0.28 us
	

	
	120
	0.07 us
	0.22 us
	



· Test metric
· Missing detection: 1%
·  False alarm probability: 0.1%
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