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1. Introduction
[bookmark: _Hlk528680199]In RAN4#108-bis meeting, discussion on Rel-18 NR coverage enhancement demodulation requirements were kicked off. Following WF was agreed on PRACH demodulation requirements [1]:
Issue 1-1-1: Whether to define BS performance requirements for Multiple PRACH transmission
· RAN4 to define performance requirements for Multiple PRACH transmission with same preamble

Issue 1-1-2: Coverage of frequency range (FR) for Multiple PRACH transmission
· Prioritize FR2-1.
· Further discuss whether to cover FR1

Issue 1-1-3: 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

Issue 1-1-4: 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
Issue 1-1-5: 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


Issue 1-1-6: Channel model for BS performance requirements for Multiple PRACH transmission
· FR1 (if 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
Issue 1-1-7: Frequency offset for BS performance requirements for Multiple PRACH transmission
· For AWGN for both FR1 (if introduced) and FR2-1:
· Option 1: 0 Hz 
· Other options are not precluded
· For TDLC 300-100 fading channel for FR1 (if introduced):
· Option 1: 400 Hz
· Other options are not precluded
· For TDLA30-300 fading channel for FR2-1:
· Option 1: 4000 Hz
· Other options are not precluded
· 
Issue 1-1-8: 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
Issue 1-1-9: 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


Further, for power domain enhancements following issues were discussed. 
Issue 1-2-1: Whether to define BS performance requirements for increased UE Tx power
· [bookmark: _Hlk146880523]Do not define BS performance requirements for increased UE Tx power

Issue 1-2-2: 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

Finally for dynamic waveform switching between CP-OFDM and DFT-s-OFDM, RAN4 agreed not to define BS demodulation requirements. In this contribution, open issues will be further analyzed.

2. Discussion
2.1	PRACH Coverage enhancement
Since it is agreed in RAN4#108-bis meeting to define performance requirements for multiple PRACH transmission with same preamble, we discuss open issues for NR multiple PRACH transmissions and provide configuration parameters for simulations.
· Frequency Range

As per the WID [2] and RAN1 discussions, the enhancements of PRACH are targeting for FR2. Also, in TR 38.830 [3], only 28GHz is evaluated for different scenarios because only PRACH in FR2 O2I is considered as bottleneck for coverage. It is no need to consider FR1 PRACH coverage issue. Therefore, RAN4 can consider FR2 primarily for the requirements.
[bookmark: _Toc149936800]Proposal 1:	Consider only FR2 for PRACH repetitions demodulation requirements.
· PRACH Format
From TR 38.830 [3], only PRACH format B4 is identified as the potential bottleneck in FR2 scenario, and this format is the target format discussed by RAN1. B4 is the longest format in all short format and would show the most gain by this feature and could be prioritized. As for other PRACH formats, companies could choose typical ones for the requirements, e.g., A2 and/or C2, to avoid no requirements regarding PRACH format declarations.
[bookmark: _Toc149936801]Proposal 2: 	Consider format B4, A2 and C2 for PRACH repetition demodulation requirement.
· Mode and Sequence Length

As per TR 38.830 [3], the bottleneck for FR2 PRACH format B4 is NLoS scenario while high-speed train FR2 deployment should be on LoS channel. Since PRACH is not the bottleneck in high-speed train scenario, only normal mode should be considered to define PRACH requirements. Further, as per TS 38.104 [4], following the normal mode we can define requirements for sequence length 139. Long sequence formats are normally used for NR-U deployment which need around 20MHz transmission bandwidth. It would not be the coverage limited scenario.  

[bookmark: _Hlk149563772][bookmark: _Toc149936802]Proposal 3: 	Define requirements for normal mode and sequence length 139.

· Number of PRACH repetitions

Following RAN1 agreements, number of repetitions could be 2, 4 and 8. In Rel-18, multiple PRACH transmission are multiplexed only in time domain. Thus, large number of repetitions would take longer time for access. For a mobile UE, it might impact its timing adjustment by BS after multiple transmissions. In that case, very low UE speed might be feasible for large number of repetitions. From demodulation perspective, to check the performance gain for BS demodulation algorithms and considering the test coverage, 2 repetitions would suffice. In TR38.830, 2 repetitions show 1.7~2dB gain for 28GHz O2I scenario which could be enough for the requirements. In our simulations [5], PRACH B4 with 2 repetitions show 2.5dB gain compared with no repetition results. 


[bookmark: _Toc149936803]Proposal 4: 	Consider 2 PRACH repetitions for the initial simulations.

· Channel Model

[bookmark: _Hlk149555769]For FR2-1, TDLA30-300 Low and AWGN channel models are agreed for normal PRACH requirement. We recommend using these models for initial simulations of PRACH with 2 repetitions. If higher repetition numbers are considered, maybe lower Doppler could be considered.
As for CDL channel, some companies mentioned about that CDL channel could obtain more gain than TDL model for this feature. By checking simulation results for PRACH repetition in TR38.830, the gains are captured in following table. 
Table 2-1 Performance gain for PRACH repetitions
	Performance gain for 28GHz O2I
	TDL (R1-2007745)
	CDL (R1-2009793)

	2 repetitions
	1.7dB
	2dB

	4 repetitions
	3.7dB
	4.7dB




According to the table, both models show similar gain, and it seems no need to use CDL model especially.

[bookmark: _Toc149936804]Proposal 5: 	Consider TDLA30-300 Low and AWGN channel models for PRACH repetitions demodulation requirement.

· Frequency Offset

As per the WF [1], 4000 Hz has been proposed for FR2-1. We can follow the legacy FR2-1 requirements for normal mode at 120 kHz SCS, in TS 38.104 [4]. Therefore, 4000 Hz can be considered to test the BS receiver implementation.

[bookmark: _Toc149936805]Proposal 6: 	Take 4000 Hz frequency offset for fading channel in PRACH repetition demodulation requirements.

· Sub-carrier Spacing

Although in TS 38.104 [4], both 60 and 120 kHz has been defined for normal mode in FR2-1. But only 120kHz SCS is deployed in real network. For enhanced features, we could only consider 120kHz SCS to reduce effort on simulations. 

[bookmark: _Toc149936806]Proposal 7: 	Take 120 kHz sub-carrier spacing for PRACH repetition demodulation requirement.

Further, from above discussion we propose to use the following simulation assumptions.

[bookmark: _Hlk149563844]Table 2-2: Test parameters for PRACH repetition demodulation requirement 

	[bookmark: _Hlk149563908]PRACH  
	PRACH SCS  
	Time error tolerance 

	preamble 
	(kHz) 
	AWGN 
	TDLA30-300 

	A2, B4, C2
	120 
	0.07 us 
	0.22 us 




	Number 
	Number of 
	Propagation 
	Frequency  
	 
	 

	of TX antennas 
	demodulation branches 
	conditions and correlation matrix (Annex G) 
	offset 
	Repetition 
	SNR 

	1 
	2 
	AWGN 
	0 
	2 
	 

	
	
	TDLA30-300 Low 
	4000 Hz 
	2 
	 



[bookmark: _Toc149936807]Proposal 8: 	Take simulation assumptions in Table 2-2 for PRACH repetition demodulation requirement.

2.2	Power domain enhancements
· Frequency Domain Spectrum Shaping (FDSS)

As per discussion for FDSS in RF session, only transparent scheme for UE power boosting is agreed. Since it’s transparent to the base station, we do not expect any impact on BS demodulation requirement.

Proposal 9: 	Not to define BS performance requirements with FDSS.

3. Conclusions
 In the previous sections we made the following observations: 
No table of figures entries found.
Based on the discussion in the previous sections we propose the following:
Proposal 1:	Consider only FR2 for PRACH repetitions demodulation requirements.
Proposal 2: 	Consider format B4, A2 and C2 for PRACH repetition demodulation requirement.
Proposal 3: 	Define requirements for normal mode and sequence length 139.
Proposal 4: 	Consider 2 PRACH repetitions for the initial simulations.
Proposal 5: 	Consider TDLA30-300 Low and AWGN channel models for PRACH repetitions demodulation requirement.
Proposal 6: 	Take 4000 Hz frequency offset for fading channel in PRACH repetition demodulation requirements.
Proposal 7: 	Take 120 kHz sub-carrier spacing for PRACH repetition demodulation requirement.
Proposal 8: 	Take simulation assumptions in Table 2-2 for PRACH repetition demodulation requirement.
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