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1. Introduction
[bookmark: _Hlk528680199]In RAN4#109 meeting, companies have discussed on Rel-18 NR coverage enhancement demodulation requirements. Following WF was agreed [1]:
Topic #1: Multiple PRACH Transmission requirements 
Issue 1-1: Coverage of frequency range (FR) for Multiple PRACH transmission
· FR2-1 agreed, and with priority. FR1 as FFS.

Issue 1-2: Sequence length for BS performance requirements for Multiple PRACH transmission
· Only define PRACH requirements for normal mode and sequence length 139.

Issue 1-3: PRACH preamble format for BS performance requirements for Multiple PRACH transmission
· Consider B4, A2, and C2.

Issue 1-4: PRACH repetition number for BS performance requirements for Multiple PRACH transmission
· PRACH repetition number 2, with companies encouraged to provide simulations to confirm gain at RAN4#110.

Issue 1-5: Antenna configuration for BS performance requirements for Multiple PRACH transmission
· 1x2 for FR2-1, 1x2 prioritized for FR1 studies.


Issue 1-6: Channel model for BS performance requirements for Multiple PRACH transmission
· TDLA30-300 Low and AWGN channels for FR2-1, TDLC 300-100 Low and AWGN channels for FR1 studies.

Issue 1-7: Frequency offset for BS performance requirements for Multiple PRACH transmission
· For AWGN 0 Hz, For FR2-1 4000 Hz (for fading channel), for FR1 studies 400 Hz (for fading channel).

Issue 1-8: Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· If FR1 is agreed to be introduced with PRACH repetition, 15 kHz and 30 kHz should be included.  
· For FR2-1 agreed 120 kHz, 60 kHz is FFS.

Issue 1-9: Test metric for BS performance requirements for Multiple PRACH transmission
Cover requirements for both missing detection of 1% and false alarm probability 0.1%

Issue 1-10: Whether to cover BS conformance test for Multiple PRACH transmission with different Tx beams (enhanced PRACH repetitions)
· Do not cover BS conformance test for Multiple PRACH transmission with different Tx beams.

Simulation results alignments
· Companies are encouraged to bring simulation results under the agreed test parameters in RAN4#110.
· Companies are also encouraged to bring simulation results for FR1 and for FR2-1 with 60kHz SCS in RAN4#110 for result alignment and evaluation purpose.

Topic #2: Power Domain enhancements
Issue 2-1: Whether to define BS performance requirements with Frequency Domain Spectrum Shaping (FDSS)
· Not to define BS performance requirements with FDSS
Note: Simulation results have shown that no impairment is demonstrated in relevant coverage enhancement scenarios.


In this contribution, open issues will be further analyzed for multiple PRACH transmission requirements since it was agreed not to define power domain enhancements.     

2. Discussion
· Frequency Range
As per the WID and WF [1], FR2-1 should be prioritized for PRACH Rel-18 enhancements. However, it was suggested by some companies in the previous meeting to also consider FR1 for the BS demodulation requirements. Further, both FR1 and FR2 consider PRACH B4 as the bottleneck for coverage enhancements [2] (priority 2 for FR1 and priority 1 for FR2). Checking RAN1 and RAN4 RF discussion, there is no limitation for UE to support PRACH repetition on FR1 bands. Thus, FR1 for PRACH repetition can also be considered if the effort is not significantly high.
[bookmark: _Toc158804604]Proposal 1	Consider both FR2-1 and FR1 frequency band for Rel-18 PRACH enhancements. 
· Number of Repetitions
The gain with increased number of PRACH repetitions can be verified with minimum 2 repetitions to reduce the test and simulation effort. Therefore, as per the WF, only 2 repetitions are considered, and clear gain of 2.5 ~ 3 dB is observed for both FR2-1 and FR1 simulations [3]. 
[bookmark: _Toc158804605]Proposal 2	 Define BS demodulation requirements for 2 PRACH repetitions with gain of 2.5 ~ 3 dB observed for FR2-1 and FR1.
· Antenna configuration
As agreed in WF, 1Tx2Rx configuration is considered for FR2-1 and prioritized for FR1. But some companies propose to test 1Tx4Rx and 1Tx8Rx configurations also. In FR1 PUSCH repetition type A and PUCCH multi-slot requirements, only 1Tx2Rx is considered. It is a common approach for enhanced feature to only consider the lowest number of receiver branch to reduce simulation and test effort if only combination gain could be seen from more receiver branches used. 
[bookmark: _Toc158804603]Only 1Tx2Rx is used for FR1 PUSCH repetition type A and PUCCH multi-slot requirements.  
[bookmark: _Toc158804606]Proposal 3	 Define PRACH demodulation requirements for 1Tx2Rx for both FR2-1 and FR1. 
· Sub-carrier spacing
For FR1, if introduced, legacy SCS of 15 and 30 kHz would be considered according to TS38.104. However, for FR2-1 only 120 KHz should be considered as discussed in the previous meeting since 60 KHz SCS has no deployment in the real network. 
[bookmark: _Toc158804607]Proposal 4	 Define requirements for 120 KHz SCS for FR2-1. 
Since it was agreed in RAN4#109 meeting to define performance requirements for multiple PRACH transmission under the agreed test parameters, we provide simulation results in [3] for the configured parameters for FR2-1 frequency range as below:
[bookmark: _Toc158804608]Proposal 5	Use following configurations for FR2-1 PRACH repetition demodulation requirements. 
Table 2-1 Timing error tolerance for FR2-1 PRACH repetition
	PRACH  
	PRACH SCS  
	Time error tolerance 

	preamble 
	(kHz) 
	AWGN 
	TDLA30-300 

	B4, A2, C2
	60 
	0.13 us 
	0.28 us 

	 
	120 
	0.07 us 
	0.22 us 



Table 2-2 Requirement configuration for FR2-1 PRACH repetition
	Number 
	Number of 
	Propagation 
	Frequency  
	 

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

	1 
	2 
	AWGN 
	0 
	2 

	
	
	TDLA30-300 Low 
	4000 Hz 
	2 



For FR1 PRACH repetition requirements if agreed to be introduced, following configuration could be considered as the start point. The fading channel could follow normal PRACH requirement to use TDLC300-100. 
[bookmark: _Toc158804609]Proposal 6	Use following configurations for FR1 PRACH repetition demodulation requirements. 
Table 2-3 Timing error tolerance for FR1 PRACH repetition
	PRACH  
	PRACH SCS  
	Time error tolerance 

	preamble 
	(kHz) 
	AWGN 
	TDLC300-100 

	B4, A2, C2
	15 
	0.52 us 
	2.03 us 

	 
	30 
	0.26 us 
	1.77 us 



Table 2-4 Requirement configuration for FR1 PRACH repetition
	Number 
	Number of 
	Propagation 
	Frequency  
	 

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

	1 
	2 
	AWGN 
	0 
	2 

	
	
	TDLC300-100 Low 
	400 Hz 
	2 





3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	Only 1Tx2Rx is used for FR1 PUSCH repetition type A and PUCCH multi-slot requirements.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Consider both FR2-1 and FR1 frequency band for Rel-18 PRACH enhancements.
Proposal 2	 Define BS demodulation requirements for 2 PRACH repetitions with gain of 2.5 ~ 3 dB observed for FR2-1 and FR1.
Proposal 3	 Define PRACH demodulation requirements for 1Tx2Rx for both FR2-1 and FR1.
Proposal 4	 Define requirements for 120 KHz SCS for FR2-1.
Proposal 5	Use following configurations for FR2-1 PRACH repetition demodulation requirements.
Proposal 6	Use following configurations for FR1 PRACH repetition demodulation requirements.
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