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1. Introduction
[bookmark: _Hlk528680199]In RAN4#110bis meeting, companies have discussed on Rel-18 NR coverage enhancement demodulation requirements. Following WF was agreed [1]:
PRACH repetition number for BS performance requirements for Multiple PRACH transmission
· Agree PRACH repetition number 2.

Sub Carrier Spacing for BS performance requirements for PRACH repetitions
· Only consider 120kHz SCS for FR2-1.

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
2.1	Requirement definition method

In the last meeting, companies tried to align the understanding of relationship among SSB, RACH Occasions, PRACH Configure Indexes, TDD pattern and method of repetitions, but it seems very hard to achieve a common understanding. However, companies got agreements on Msg1-FDM, SSB to RO configuration and TDD pattern for requirements.  
PRACH repetition interval and TDD pattern for Multiple PRACH transmission
· Agreements on detailed network configurations:
· Msg1-FDM =1
· TDD pattern: 3D1S1U for 15KHz, and 120kHz, 7D1S2U for 30kHz
· msgA-SSB-PerRACH-Occasion: 
msgA-SSB-PerRACH-OccasionAndCB-PreamblesPerSSB-r16 CHOICE {
one ENUMERATED {n4,n8,n12,n16,n20,n24,n28,n32,n36,n40,n44,n48,n52,n56,n60,n64},
}

Based on this agreement, we could have following assumptions for further analysis:
1. One PRACH is transmitted per RO.
2. The selected PRACH Configuration Index should fulfill agreed typical TDD pattern per SCS. It means the RO should be aligned with UL slot grid in TDD pattern.
3. The relationship between SSB and RO is one to one mapping. In that case, only one RO per RO group is used for a UE to transmit a PRACH for a certain SSB.  

Based on the limited simulation results and experience from LTE, all companies seem agree that the performance under fading channel would be different among different time domain interval values between repetitions.  In our contribution [2], we deliver new simulation results and summarized in below table. The performance would become constant when interval is large enough (i.e., 10ms for FR1 and 5ms for FR2-1), and the performance difference between 1 slot interval and 10ms/5ms interval is around 1~2dB. The difference between 5ms and 10ms for FR1 is less than 0.6dB, and the difference between 2.5ms and 5ms for 120kHz SCS is less than 0.2dB. 
Table 2-1 Simulation results for different repetition intervals under fading channel, 15kHz SCS
	Format
	1ms
	5ms
	10ms
	15ms
	Difference (1ms – 10ms)
	Difference (5ms -10ms)

	A2
	-10.69
	-12.18
	-12.64
	-12.42
	1.73
	0.46

	B4
	-14.95
	-15.43
	-15.72
	-15.69
	0.77
	0.29

	C2
	-10.63
	-11.98
	-12.26
	-11.79
	1.63
	0.28



Table 2-2 Simulation results for different repetition intervals under fading channel, 30kHz SCS
	Format
	0.5ms
	2.5ms
	5ms
	10ms
	Difference (0.5ms – 10ms)
	Difference (5ms – 10ms)

	A2
	-11.24
	-11.58
	-12.31
	-12.83
	1.59
	0.52

	B4
	-15.66
	-17.05
	-17.05
	-17.08
	1.42
	0.03

	C2
	-10.84
	-11.61
	-12.41
	-12.96
	2.12
	0.55



Table 2-3 Simulation results for different repetition intervals under fading channel, 120kHz SCS
	Format
	0.125ms
	1.25ms
	2.5ms
	5ms
	Difference (0.125ms – 5ms) 
	Difference (2.5ms – 5ms)

	A2
	-11.02
	-11.64
	-12.5
	-12.52
	1.5
	0.02

	B4
	-13.13
	-14.97
	-14.94
	-15.01
	1.88
	0.07

	C2
	-10.59
	-11.86
	-12.73
	-12.55
	1.96
	-0.18




[bookmark: _Toc166530086]The performance gets stable when interval is 10ms for FR1 and 5ms for FR2-1. 
[bookmark: _Toc166530087]The performance difference between 1 slot interval and 10ms (FR1) /5ms (FR2-1) interval is around 1~2dB. 
[bookmark: _Toc166530088]The performance difference between 5ms interval and 10ms for FR1 is less than 0.6dB.  The performance difference between 2.5ms interval and 5ms interval for FR2-1 is less than 0.2dB. 

Configuration Index and RO configurations. From requirement perspective, it’s impossible to define different requirements for all configurations. In that case, a direct question is how to apply one set requirements for different product capabilities (such as PRACH configuration Index, TDD patterns, etc.)? 
There are two candidate solutions were discussed in the last meeting. 
· Option 1: Define requirements based on consecutive PRACH repetitions (i.e., interval <= 1 slot), but the test configuration is based on typical TDD pattern. 
· Option 2: Define requirements based on a large interval (i.e., interval = 10ms) and the test configuration is based on typical TDD pattern. 

Option 1 analysis
The defined requirements of this option are based on the “worst” performance scenario. The key advantage is that there is low risk for a BS can’t pass requirement no matter what kind of repetition interval configuration is used during the test. In that case, it seems no necessary to indicate detailed PRACH configurations (i.e., Configuration Index, time offset for RO group, etc.) are used in specification and let tester to choose how to combine repetitions. 
[bookmark: _Toc166530089]By option 1, BS under test would have low risk can’t pass requirements no matter what repetition interval is supported, and the specification could be simple. 
On the other hand, the disadvantage is also clear that the requirement is kind of “relaxed” for those BS supporting inconsecutive PRACH repetitions since the performance difference could be 1 to 2dB. Especially regarding the typical TDD pattern used for tests on 15kHz and 120kHz SCS, the interval is 5ms and 1.25ms separately. In that case, the tested BS would have 1~2dB margin to requirements at the beginning of the test. It seems not a good approach to check product performance and hard to be accepted by operators. 
[bookmark: _Toc166530090]The disadvantage of Option 1 is that it will lead to that the tested BS could 1~2dB margin at the beginning on 15kHz and 120kHz SCS tests. 
One possible solution to reduce the risk of relaxing requirement is that also considering AWGN channel requirement which is independent of repetition interval. As for fading channel estimation, the legacy Rel-15 PRACH requirements have checked it, so the product performance might be considered OK even by applying a bit “relaxed” requirement for repetition feature. 
[bookmark: _Toc166530091]One possible solution for Option 1 might be adding AWGN channel requirement to reduce the impact by relaxed requirement for fading channel.   

Option 2 analysis
The defined requirements of this option are based on the “best” performance scenario. The advantage is that similar and good product performance could be secured for all tests. 
[bookmark: _Toc166530092]By option 2, good product performance could be secured for all tests. 
The disadvantages of this option include two pints. Firstly, BS under test needs to support large repetition interval configuration, otherwise there would be a risk that BS can’t pass the requirement. Secondly, the detailed PRACH configurations should be captured in specification to indicate how to have large repetition interval for all TDD patterns. 
[bookmark: _Toc166530093]The disadvantages of Option 2 include the risk that BS under test can’t support large repetition interval and fail the test, and the detailed configurations should be captured in specifications. 
By checking RAN1 agreements, the PRACH repetitions should be within one “RO group” since all ROs in one RO group belong to the same SSB. UE could determine RO group start time and period according to available RO occasion number and repetition number. 
For example, the SSB-to-RO association period is 10ms and the number of ROs in this period for a same SSB is N. If the repetition number is 2, then the number of RO group in this 10ms is N/2. In that case, the repetition interval totally depends on the RO pattern within one RO group. It seems less RO number could have larger interval generally.   
Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
Note 1: All ROs in one RO group is associated with the same SSB(s).
Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
FFS: the time span of RO group.
FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.		
FFS: other details

[image: For the number of SSB-to-RO association pattern periods K within the time period X, 
For multiple PRACH transmissions With different numbers, supp-ort 
One Common K is implicitly determined as a integer for all the configured number Of multiple PRACH 
transmissions such that for each of NTS SSBs. there IS at least onc RO group per each configured numb-cr 
of multiple PPACH transmissions consisting of ROS associated with the SSB. ]
Based on above RAN1 agreement and definitions and also considering Observation 3, we could take following assumptions for FR1 scenario and furtherly check the feasibility of larger repetition interval for some PRACH Configuration Index. The analysis procedure and conclusion could be applied for FR2-1 either.
· PRACH repetition number is 2.
· PRACH format: A2 (because there are more RO occasions in one PRACH slot which would be more tricky than B4 and C2 to have larger repetition interval). 
· RO group period >=10ms for FR1 
· SSB number: 1~4 for low band, 1~8 for mid band
· Msg1-FDM =1
· msgA-SSB-PerRACH-Occasion = one
· The expected repetition interval: >=5ms 

15kHz FDD: 
PRACH Configuration Index 127
[image: ]
[image: ]
There are 3 ROs in 10ms frame. To have large interval, we need to set RO group period = 20ms, and number of SSB = 3. In that case, RO #1 and #4 can be used to have 10 ms interval.

PRACH Configuration Index 128
[image: ]
[image: ]
There are 6 ROs in 10ms frame. To have large interval, we need to set RO group period = 10ms, and number of SSB = 3. In that case, RO #1 and #4 can be used to have 5 ms interval.

PRACH Configuration Index 133
[image: ]
[image: ]
There are 9 ROs in 10ms frame. To have large interval, we need to set RO group period = 10ms. But the problem now is that the number of SSB can be only up to 4 at low band. In that case, number of SSB = 4 and RO #1 and #5 can be used to have 3 ms interval. 
As for PRACH Configuration Index 134 and 135, there are even more ROs in 10ms. Thus, it is very hard to have 5ms interval. 

30kHz TDD
PRACH Configuration Index 102
[image: ]
[image: ]
There are 6 ROs in 10ms frame. To have large interval, we need to set RO group period = 10ms, and number of SSB = 3. In that case, RO #1 and #4 can be used to have 5 ms interval.

PRACH Configuration Index 103
[image: ]
[image: ]
There are 12 ROs in 10ms frame. To have large interval, we need to set RO group period = 20ms, But the problem now is that the number of SSB can be only up to 8 at mid band. In that case, number of SSB = 8 and RO #1 and #9 can be used to have 1 ms interval. The actual RO group period is limited at 10ms at the last.

Based on above analysis, it seems very hard to have large interval on some PRACH Configuration Indexes. Regarding only 1 SSB is used by many low band and mid-band products, the multiple SSB configuration might not be configured during the tests.
[bookmark: _Toc166530094]It is very hard to have large repetition interval for some PRACH Configuration Index with 2 repetitions especially when number of available RO is high but the maximum SSB number is small. 

One possible solution is to use higher repetition factor, such as n4 or n8, to have time domain diversity gain under fading channel. But it needs more simulations to check the performance difference in different scenarios.
[bookmark: _Toc166530095]One possible solution for Option 2 might be using higher repetition factor under fading channel to reduce the performance difference between Configuration Indexes. More simulations are needed to check the final difference.

Summary 
Based on above analysis on both two options, we give following proposal. 
[bookmark: _Toc166530097]Proposal 1 	If the requirement under fading channel is defined by simulation result with small repetition interval (<=1 slot), adding AWGN requirements to reduce the impact of fading channel. 
[bookmark: _Toc166530098]Proposal 2	If the requirement under fading channel is defined by simulation result with large repetition interval, consider higher repetition factor (i.e., n4 or n8) to reduce the impact of fading channel.

2.3	Manufactory declaration

Manufacturer declarations for supported SCS(s) for PRACH repetition test requirements
· Candidate options:
· Option 1: Introduce additional manufacturer declarations for supported SCS(s) for PRACH repetition.
· Option 2: No need to introduce additional manufacturer declarations for supported SCS(s) for PRACH repetition.

In principle, we think the SCS declaration in Rel-15 normal PRACH requirement could be reused for repetition feature according to current product used in network. But considering the repetition feature only have 120kHz SCS requirement which is different from legacy declaration (including both 60kHz and 120kHz SCS). It could be better to have separate SCS declaration for repetition feature to avoid misunderstanding. It is also no harm for FR1 scenario in case of no requirement. 
[bookmark: _Toc166530099]Proposal 3 	Take Option 1 to have supported SCS declaration for PRACH repetition. 

2.4	Applicability rule 

Additional applicability for different TDD patterns
· Proposal 1:
	Note: Under fading channel, the PRACH detection performance may be significantly different with different PRACH Configuration Indexes. The requirements in this table are defined based on the simulation results with PRACH Configuration Indexes {[100], [159], [202]} for format A2, B4 and C2 respectively with UL-DL configuration DDDSU. The requirement could be applied for other TDD pattern if the time interval between repetitions is >=10ms by selected PRACH Configuration index and msg1-RepetitionTimeOffsetROGroup.



The applicability rule would depend on the agreement of requirement definition method. 
If Option 1 in 2.1 is agreed, it seems no necessary to have such kind of note since the PRACH transmission time would be similar as legacy test while just using N repetitions. Legacy applicability rule could be reused.
If Option 2 in 2.1 is agreed, a note as proposal 1 is needed. The detailed content depends on the agreed configurations for simulation. 
[bookmark: _Toc166530096]The necessary of new applicability rule depends on the agreement on requirement definition method. 


3. Conclusions
 In the previous sections we made the following observations: 
Observation 1	The performance gets stable when interval is 10ms for FR1 and 5ms for FR2-1.
Observation 2	The performance difference between 1 slot interval and 10ms (FR1) /5ms (FR2-1) interval is around 1~2dB.
Observation 3	The performance difference between 5ms interval and 10ms for FR1 is less than 0.6dB.  The performance difference between 2.5ms interval and 5ms interval for FR2-1 is less than 0.2dB.
Observation 4	By option 1, BS under test would have low risk can’t pass requirements no matter what repetition interval is supported, and the specification could be simple.
Observation 5	The disadvantage of Option 1 is that it will lead to that the tested BS could 1~2dB margin at the beginning on 15kHz and 120kHz SCS tests.
Observation 6	One possible solution for Option 1 might be adding AWGN channel requirement to reduce the impact by relaxed requirement for fading channel.
Observation 7	By option 2, good product performance could be secured for all tests.
Observation 8	The disadvantages of Option 2 include the risk that BS under test can’t support large repetition interval and fail the test, and the detailed configurations should be captured in specifications.
Observation 9	It is very hard to have large repetition interval for some PRACH Configuration Index with 2 repetitions especially when number of available RO is high but the maximum SSB number is small.
Observation 10	One possible solution for Option 2 might be using higher repetition factor under fading channel to reduce the performance difference between Configuration Indexes. More simulations are needed to check the final difference.
Observation 11	The necessary of new applicability rule depends on the agreement on requirement definition method.

Based on the discussion in the previous sections we propose the following:
Proposal 1 	If the requirement under fading channel is defined by simulation result with small repetition interval (<=1 slot), adding AWGN requirements to reduce the impact of fading channel.
Proposal 2	If the requirement under fading channel is defined by simulation result with large repetition interval, consider higher repetition factor (i.e., n4 or n8) to reduce the impact of fading channel.
Proposal 3 	Take Option 1 to have supported SCS declaration for PRACH repetition.
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