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Introduction
This contribution summarizes the open issues, candidate options as well as the recommended WF for the performance part for the Rel-18 further coverage enhancement WI under agenda 8.19.2.
Topic #1: Multiple PRACH transmission reuqirements (Open Issues)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400250
	Nokia, Nokia Shanghai Bell
	Observation 1: To demonstrate the benefits of different beam patterns and sweeping approaches, RAN4 will require to introduce spatial channel models.
Observation 2: Coverage Enhancement features are predominantly aimed at FR2-1.
Proposal 1: RAN4 shall define requirements for Coverage Enhancement in release 18 for FR2-1 only.
Observation 3: The difference between the performance of 2 and 4 repetitions can be seen to be of the order of 2dB.
Proposal 2: RAN4 shall define requirements for both 2 and 4 PRACH repetitions.
Observation 4: 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 3: RAN4 shall define requirements for 60 kHz SCS.

	R4-2400251
	Nokia, Nokia Shanghai Bell
	Simulations for Coverage Enhancement BS Demodulation

	R4-2400795
	China Telecom
	Proposal 1: Cover both FR1 and FR2 for PRACH repetition test.
Proposal 2: Reuse the same configuration for the existing PRACH normal mode tests, i.e., 1x2, 1x4, 1x8 for FR1 and 1x2 for FR2-1.
Proposal 3: Reuse the same configuration for the existing PRACH normal mode tests, i.e., TDLC 300-100 Low and AWGN channels for FR1, and TDLA30-300 Low and AWGN channels for FR2-1.
Proposal 4: Reuse the same configuration for the existing PRACH normal mode tests, i.e., cover 15kHz and 30kHz SCS for FR1 and cover 60kHz SCS and 120kHz SCS for FR2.

	R4-2400796
	China Telecom
	Summary of simulation results for Rel-18 NR coverage enhancements BS demodulation requirements

	R4-2401408
	Ericsson
	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.

	R4-2401409
	Ericsson
	Simulation results for Rel-18 NR PRACH repetitions demodulation requirements

	R4-2401576
	Samsung
	Proposal 1: Further to discuss whether FR1 should be also considered.
Observation 1: PRACH configuration index was defined for simulation results alignment for LTE eMTC coverage enhancement. The interval between two ROs is 10ms
Proposal 2:  RAN4 should further clarify the PRACH configuration for PRACH requirement with multiple PRACH transmission.

	R4-2401695
	Huawei, HiSilicon
	Proposal 1: Do not cover FR1 for multiple PRACH transmission requirements.
Proposal 2: Do not consider 60kHz in FR2-1 for PRACH requirements.

	R4-2401696
	Huawei, HiSilicon
	Simulation results on BS demodulation requirements for further coverage enhancements

	R4-2402032
	ZTE Corporation
	Observation 1. The enhancement of Multiple PRACH transmissions can also apply to FR1 when applicable.
Proposal 1. To consider the Requirements for FR1.
Proposal 2. To consider both 120kHz and 60kHz for FR2-1 multiple PRACH requirements.

	R4-2402033
	ZTE Corporation
	Simulation results for multiple PRACH


Open issues summary
Issue 1-1: Coverage of frequency range (FR) for Multiple PRACH transmission
· Status in the WF R4-2321061 in RAN4#109:
	· FR2-1 agreed, and with priority. FR1 as FFS.


· Proposals:
· Option 1: Cover FR1 (China Telecom, Ericsson, ZTE)
· Option 2: Consider only FR2-1. (Nokia for Rel-18, Huawei)
· Samsung: Further discuss.
· Recommended WF
· Need discussion on whether to cover FR1.

Issue 1-2: PRACH repetition number for BS performance requirements for Multiple PRACH transmission
· Status in the WF R4-2321061 in RAN4#109:
	· PRACH repetition number 2, with companies encouraged to provide simulations to confirm gain at RAN4#110.


· Proposals:
· Option 1: Consider both 2 and 4 PRACH repetitions (Nokia)
· Option 2: Consider 2 PRACH repetitions (Ericsson)
· Summary of companies’ simulation results:
	PRACH FR1 1T2R
	Propagation condition
	Frequency offset (Hz)
	Ericsson
(Rep num = 2)
	Huawei
(Rep num = 2)
	Average ideal simulation results w/o PRACH repetition (Copied from Rel-15 R4-1907932)

	Format A2
	15kHz
	AWGN
	0
	
	-16.1
	-14.6

	
	
	TDLC300-100 Low
	400
	-11.3
	-8.6
	-7.2

	
	30kHz
	AWGN
	0
	
	-16.2
	-14.4

	
	
	TDLC300-100 Low
	400
	-11.4
	-8.7
	-8.1

	Format B4
	15kHz
	AWGN
	0
	
	-17.1
	-18.7

	
	
	TDLC300-100 Low
	400
	-15.7
	-11.8
	-11.0

	
	30kHz
	AWGN
	0
	
	-17.6
	-18.6

	
	
	TDLC300-100 Low
	400
	-16.2
	-12.2
	-12.0

	Format C2
	15kHz
	AWGN
	0
	
	-16.1
	-14.6

	
	
	TDLC300-100 Low
	400
	-11.6
	-8.3
	-7.3

	
	30kHz
	AWGN
	0
	
	-16.3
	-14.3

	
	
	TDLC300-100 Low
	400
	-11.3
	-8.8
	-8.0



	PRACH FR2-1 1T2R
	Propagation condition
	Frequency offset (Hz)
	Nokia
	Ericsson
	Huawei
	ZTE
	Average ideal simulation results w/o PRACH repetition (Copied from Rel-15 R4-1907932)

	Format A2
	60kHz
	AWGN
	0
	-18.7
	-17.9
	-15.9
	
	-14.4

	
	
	TDLA30-300 Low
	4000
	-11.1
	-10.3
	-6.9
	
	-6.4

	
	120kHz
	AWGN
	0
	-18.8
	-17.7
	-15.8
	-18.6
	-14.1

	
	
	TDLA30-300 Low
	4000
	-12.1
	-10.6
	-8.4
	-11.5
	-6.9

	Format B4
	60kHz
	AWGN
	0
	-23.5
	-22.2
	-17
	
	-18.5

	
	
	TDLA30-300 Low
	4000
	-4.8
	
	-9.9
	
	-6.1

	
	120kHz
	AWGN
	0
	-23.5
	-22.2
	-16.7
	-21.7
	-18.3

	
	
	TDLA30-300 Low
	4000
	-14.8
	-12.8
	-11.7
	-14.2
	-10.0

	Format C2
	60kHz
	AWGN
	0
	-18.7
	-17.8
	-16.1
	
	-14.3

	
	
	TDLA30-300 Low
	4000
	-11.4
	-10.6
	-7.1
	
	-6.5

	
	120kHz
	AWGN
	0
	-18.8
	-17.7
	-15.9
	-18.6
	-14.0

	
	
	TDLA30-300 Low
	4000
	-12.3
	-10.9
	-8.2
	-11.6
	-6.8


· Recommended WF
· It is the moderator’s observation that some results with PRACH repetition number = 2, do not show enough performance gain over that of w/o PRACH repetition.
· [bookmark: _GoBack]Further simulation result alignment is needed before decision on the PRACH repetition number.

Issue 1-3: Antenna configuration for BS performance requirements for Multiple PRACH transmission
· Status in the WF R4-2321061 in RAN4#109:
	· 1x2 for FR2-1
· 1x2 prioritized for FR1 studies


· Proposals for FR1 (if introduced):
· Option 1: 1x2, 1x4, 1x8 (China Telecom)
· Option 2: 1x2 only (Ericsson)
· E///: It is a common approach for enhanced feature (e.g., PUSCH repetition type A and PUCCH multi-slot) to only consider the lowest number of receiver branch
· Recommended WF
· Discussion is needed.

Issue 1-4: Channel model for BS performance requirements for Multiple PRACH transmission
· Status in the WF R4-2321061 in RAN4#109:
	· TDLA30-300 Low and AWGN channels for FR2-1
· TDLC 300-100 Low and AWGN channels for FR1 studies.


· Proposals:
· Option 1: TDLC 300-100 Low and AWGN channels for FR1 (China Telecom)
· Recommended WF
· Option 1 if FR1 can be agreed.

Issue 1-5: Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· Status in the WF R4-2321061 in RAN4#109:
	· 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.


· Proposals:
· FR1:
· Option 1: 15kHz and 30kHz (China Telecom, Ericsson)
· FR2-1
· Option 1: Cover 60kHz SCS and 120kHz SCS (China Telecom, Nokia, ZTE)
· Option 2: 120kHz only (Ericsson, Huawei)
· Recommended WF
· Keep the previous agreement for FR1.
· Discussion needed for whether to cover 60kHz for FR2-1.

Issue 1-6: PRACH configuration for PRACH repetition test requirements
· Proposals:
· Samsung: RAN4 should further clarify the PRACH configuration for PRACH requirement with multiple PRACH transmission.
· Recommended WF
· Encourage more detailed impacted parameters.

Issue 1-7: Timing error tolerance for PRACH repetition test requirements
· Proposals:
· FR1:
· Option 1: (Ericsson, Same as the legacy PRACH tests in Table 8.4.2.1-1 of TS38.104)
	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
· Option 1: (Ericsson, Same as the legacy PRACH tests in Table 11.4.2.2-1 of TS38.104)
	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 


· Recommended WF
· Can we reuse the legacy PRACH tests in TS38.104 in Table 8.4.2.1-1 for FR1 (if introduced), and Table 11.4.2.2-1 for FR2-1.

Issue 1-8: Manufacturer declarations for PRACH repetition test requirements
· Proposals:
· Huawei:
	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


· Recommended WF
· Encourage feedback.

Issue 1-9: Applicability for PRACH repetition test requirements
· Proposals:
· Huawei:
	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.


· Recommended WF
· Encourage feedback.

Topic #2: Multiple PRACH transmission reuqirements (Draft CRs)
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2400252
	Nokia, Nokia Shanghai Bell
	draft CR for 38.141-2 A.6 PRACH Test preambles

	R4-2400704
	Nokia, Nokia Shanghai Bell
	Big CR for TS38.104 (CovEnh)

	R4-2400797
	China Telecom
	Draft CR on multiple PRACH transmission BS performance requirements for FR1

	R4-2400798
	China Telecom
	Big CR for further coverage enhancements requirements for TS38.141-2

	R4-2401697
	Huawei,HiSilicon
	Draft CR on manufacturer declarations and applicability of PRACH performance requirements for Multiple PRACH transmission (TS38.141-1, Rel-18)

	R4-2401698
	Huawei,HiSilicon
	Draft CR on manufacturer declarations and applicability of PRACH performance requirements for Multiple PRACH transmission (TS38.141-2, Rel-18)



