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[bookmark: _Toc116995841]Introduction
This document introduces to RAN4 the features associated with coverage enhancement under the Work Item “Further NR coverage enhancements” and the impact of the newly introduced features on Base Station demodulation within RAN4.
Specifically, within this paper we investigate 3 new features introduced in RAN1 and their impact for BS demodulation performance requirements. These features are as follows:
	· PRACH Repetitions
· Power Domain Enhancements
· Dynamic Waveform Switching



This discussion is supported by simulation results provided in [2].
In this paper, we present Nokia’s view on the impact these enhancements to demodulation requirements and ultimately TS 38.104 and TS 38.141.
The open issues remaining following RAN4#110 are:
	PRACH repetition number for BS performance requirements for Multiple PRACH transmission
Way forward for the next meeting:
· Companies to further check the simulation assumptions including TDD pattern, PRACH repetition interval for both FR1 and FR2.
· For the repetition number, keep the previous meeting agreement before simulation assumption agreed.

Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· For FR1: 15kHz and 30kHz 
· For FR2-1: Agree with 120 kHz and FFS for 60 kHz. Encourage operators to provide input.

Timing error tolerance for PRACH repetition test requirements
[Candidate option presented in WF]

Manufacturer declarations for PRACH repetition test requirements
[Candidate option presented in WF]

Applicability for PRACH repetition test requirements
[Candidate option presented in WF]




Discussion
PRACH Repetition Number
During RAN4#109 it was discussed that at least 2 repetitions would be used for defining requirements with companies encouraged to provide simulations to understand further gain achieved by 4 or more repetitions. In our companion TDoc [2] the results of Nokia’s investigation into this are provided whereby the gain between 2 and 4 repetitions can be seen to be of the order of 2 dB.
[bookmark: _Toc163121650]The difference between the performance of 2 and 4 repetitions can be seen to be of the order of 2dB.
[bookmark: _Toc163121651]RAN4 shall define requirements for both 2 and 4 PRACH repetitions.
In order to support alignment Nokia has shared it’s simulation assumptions as an annex in our companion TDoc.
[bookmark: _Toc163121652]Simulation assumptions are included as an annex in our companion TDoc
Sub Carrier Spacing for BS performance requirements for PRACH repetitions
During RAN4#109 the option to define 60 kHz SCS requirements for FR2-1 was left as FFS, predominantly due to concern from some companies due to the lack of commercial deployment with 60 kHz SCS.
Nokia believes that for requirements coverage all SCS options should be required such that in due course should a deployment be required then the requirements exist, and that requirements should be defined according to the feature and the minimum requirements for said feature.
[bookmark: _Toc163121653]Despite a small number of commercial deployments of 60 kHz SCS for FR2-1, this is the minimum SCS for FR2-1 as such requirements are needed.
[bookmark: _Toc163121654]RAN4 shall define requirements for 60 kHz SCS.
Timing error tolerance for PRACH repetition test requirements
In the WF from RAN4#110 [7] a candidate option is identified; Nokia believes this is a sensible option.
	· FR1:
	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 


· FR2-1
	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 






[bookmark: _Toc163121655]RAN4 shall use the candidate option identified in the WF from RAN4#110 for Timing Error tolerance.
Manufacturer declarations for PRACH repetition test requirements
In the WF from RAN4#110 [7] a candidate option is identified, Nokia believes this is a sensible option.
	Declaration identifier
	Declaration
	Description
	Applicability
(Note 1)

	
	
	
	BS type 1-H
(Note 2)
	BS type 1-O
	BS type 2-O

	
	PRACH format and SCS for Multiple PRACH transmission
	Declaration of the supported PRACH format(s) as specified in TS 38.211 for Multiple PRACH transmission, i.e., format: A2, B4, C2.
Declaration of the supported SCS(s) per supported PRACH format with short sequence for Multiple PRACH transmission, as specified in TS 38.211, i.e.: 
- For BS type 1-O: 15 kHz, 30 kHz or both.
- For BS type 2-O: 60 kHz, 120 kHz or both.
	c
	x
	x



[bookmark: _Toc163121656]RAN4 shall use the candidate option identified in the WF from RAN4#110 for manufacturer declaration.

Applicability for PRACH repetition test requirements
In the WF from RAN4#110 [7] a candidate option is identified, Nokia believes this is a sensible option.
	Applicability of requirements for different formats

Unless otherwise stated, Multiple PRACH transmission requirements shall apply only for each PRACH format declared to be supported.

Applicability of requirements for different subcarrier spacings

Unless otherwise stated, for each PRACH format with short sequence for Multiple PRACH transmission requirements declared to be supported, for each FR, the tests shall apply only for the smallest supported subcarrier spacing in the FR. 

Applicability of requirements for different channel bandwidths

Unless otherwise stated, for the subcarrier spacing to be tested, Multiple PRACH transmission requirements shall apply only for anyone channel bandwidth declared to be supported.



[bookmark: _Toc163121657]RAN4 shall use the candidate option identified in the WF from RAN4#110 for an applicability rule.

[bookmark: _Toc116995848]Conclusion
This contribution provides our views on Coverage Enhancement and its impact on BS demodulation. Specifically, a series of observation and proposals are made as follows: 
Observation 1: The difference between the performance of 2 and 4 repetitions can be seen to be of the order of 2dB.
Proposal 1: RAN4 shall define requirements for both 2 and 4 PRACH repetitions.
Observation 2: Simulation assumptions are included as an annex in our companion TDoc
Observation 3: Despite a small number of commercial deployments of 60 kHz SCS for FR2-1, this is the minimum SCS for FR2-1 as such requirements are needed.
Proposal 2: RAN4 shall define requirements for 60 kHz SCS.
Proposal 3: RAN4 shall use the candidate option identified in the WF from RAN4#110 for Timing Error tolerance.
Proposal 4: RAN4 shall use the candidate option identified in the WF from RAN4#110 for manufacturer declaration.
Proposal 5: RAN4 shall use the candidate option identified in the WF from RAN4#110 for an applicability rule.
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