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Background
During RAN4#110b meeting, WF [1] on NR_cov_enh2_demod was approved. In this contribution, we share our views about BS demodulation requirements for further coverage enhancements.
Discussion
Multiple PRACH transmission 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},
}
· On PRACH interval based on the above configurations:
· Option 1: Simulation assumption based on the following PRACH repetition interval.
· For FDD and TDD with 7D1S2U 30kHz SCS: Consecutive slots.
· FFS whether PRACH repetition can be within 1 slot for PRACH format A2 and C2.
· For TDD with DDDSU: 
· Option 1A: Consecutive slots
· Option 1B: DDDSUDDDSU for 15kHz and 120kHz SCS
· Option 1C: DDDSUDDDSUDDDSUDDDSU for 120kHz SCS only
· Option 2: fixed PRACH interval for all the SCSs, i.e., 10ms.
· Companies are encouraged to bring simulation results for all options in the next meeting.
· Companies are encouraged to bring detailed PRACH configuration for the above options in the next meeting.
· Companies to check if PRACH B4 can be configured in FDD 15kHz SCS based on available PRACH Configuration Index
· PRACH configuration Indexes 
· Option 1
· [bookmark: _Toc163509179]FR1 TDD: 
· [bookmark: _Toc163509180]Take PRACH Configuration Indexes {100, 159, 202} for A2, B4 and C2 respectively.
· [bookmark: _Toc163509181]No msg1-RepetitionTimeOffsetROGroup is configured.
· [bookmark: _Toc163509182]FR2-1 TDD: 
· [bookmark: _Toc163509183]Take PRACH Configuration Indexes {41, 135, 185} for A2, B4 and C2 respectively. 
· [bookmark: _Toc163509184]For A2 and C2, no msg1-RepetitionTimeOffsetROGroup is configured.
· [bookmark: _Toc163509185]For B4, msg1-RepetitionTimeOffsetROGroup = n4 is configured.
· Option 2
· PRACH configuration index for FR1 and paired spectrum: A2: 135 | B4: 217 | C2: 254
· PRACH configuration index for FR2 and unpaired spectrum: A2: 58 | B4: 143 | C2: 201
· Option 3
· 15KHz SCS
· Format A2: PRACH configuration index, 127, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4: PRACH configuration index, 210, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2: PRACH configuration index, 246, number of RO within 10ms =2, number of SSB within 10ms=2
· 30KHz SCS
· Format A2: PRACH configuration index 96, number of RO within 10ms =3, number of SSB within 10ms=3
· Format B4: PRACH configuration index, 156, number of RO within 10ms =1, number of SSB within 10ms=1
· Format C2: PRACH configuration index, 201, number of RO within 10ms =2, number of SSB within 10ms=2
· 120KHz SCS
· Format A2: PRACH configuration index 41, number of RO within 10ms=4, number of SSB within 10ms =4
· Format B4: PRACH configuration index, 124, number of RO within 10ms=4, number of SSB within 10ms =4
· Format C2: PRACH configuration index, 185, number of RO within 10ms =4, number of SSB within 10ms=4
· Other options not precluded



Firstly, the detailed SSB and PRACH configurations is up to BS implementation and should not be mandated. Considering we are defining the minimum requirements, the worst case should be considered, that means the detailed SSB and PRACH configurations resulting to higher SNR should be selected among all candidate options.
The detailed SSB and PRACH configurations is up to BS implementation and should not be mandated.
The worst case should be considered, that means the detailed SSB and PRACH configurations resulting to higher SNR should be selected among all candidate options.
Also, we prefer to define one set of requirements for both FDD and TDD that is same as other PRACH demodulation requirements.
Define one set of requirements for both FDD and TDD.
Based on TS 38.213, PRACH repetition should be consecutive valid PRACH occasions in time. Therefore, we confirm that
· PRACH repetition can be within 1 slot for PRACH format A2 and C2
· PRACH B4 can be configured in FDD 15kHz SCS based on available PRACH Configuration Index
	For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with same one or more SS/PBCH block index(es), and each SS/PBCH block index is associated with same preamble indexes in all valid PRACH occasions within the set.



Confirm that PRACH repetition can be within 1 slot for PRACH format A2 and C2.
Confirm that PRACH B4 can be configured in FDD 15kHz SCS based on available PRACH Configuration Index.
For different SSB and PRACH configurations, from the demodulation point of view, the difference is the PRACH repetition interval. In our accompany paper, we run simulations for the following available cases:
	
	A2
	B4
	C2

	15kHz
	4 symbols (e.g., FDD: 126, TDD: 101)
5 slots (e.g., TDD: 93)
10 slots (e.g., TDD: 100)
	1 slot (e.g., FDD: 211)
5 slots (e.g., TDD: 151)
10 slots (e.g., TDD: 159)
	6 symbols (e.g., FDD: 245, TDD: 203)
5 slots (e.g., TDD: 196)
10 slots (e.g., TDD: 202)

	30kHz
	4 symbols (e.g., FDD: 126, TDD: 101)
10 slots: (e.g., TDD: 93)
20 slots (e.g., TDD: 100)
	1 slot (e.g., FDD: 211, TDD: 161)
10 slots (e.g., TDD: 151)
20 slots (e.g., TDD: 159)
	6 symbols (e.g., FDD: 245, TDD: 203)
10 slots (e.g., TDD: 196)
20 slots (e.g., TDD: 202)

	120kHz
	4 symbols (e.g., TDD: 41)
	10 slots (e.g., TDD: 126)
	6 symbols (e.g., TDD: 185)
10 slots (e.g., TDD: 187)



Based on the simulation results, we observe that PRACH repetition interval = 4 symbols for A2 for 15/30/120kHz, 1 slot for B4 for 15/30kHz, 10 slots for B4 for 120kHz, 6 symbols for C2 for 15/30/120kHz are the worst case. Therefore, we propose to use above PRACH repetition interval for multiple PRACH transmission demodulation requirements.
Use PRACH repetition interval = 4 symbols for A2 for 15/30/120kHz, 1 slot for B4 for 15/30kHz, 10 slots for B4 for 120kHz, 6 symbols for C2 for 15/30/120kHz for multiple PRACH transmission demodulation requirements.
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



From our understanding, it is possible and up to BS implementation to support the specific PRACH format but not support PRACH repetition with the same PRACH format. Therefore, we propose to introduce additional manufacturer declarations for supported SCS(s) for PRACH repetition, with the additional limitation that the new declared SCS shall be subset of the legacy declared SCS.
	Declaration of the supported PRACH format(s) as specified in TS 38.211 [17] 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 [17], i.e., 15 kHz, 30 kHz or both. Declaration of the supported SCS(s) shall be subset of the declared SCS in D.103 for each corresponding supported PRACH format.



Introduce additional manufacturer declarations for supported SCS(s) for PRACH repetition, with the additional limitation that the new declared SCS shall be subset of the legacy declared SCS.
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.






Based on above discussion in section 2.1.1, we don’t think such additional applicability for different TDD patterns is necessary.
Do not define additional applicability for different TDD patterns.
Proposals
In this contribution, we discuss on BS demodulation requirements for further coverage enhancements. Our observations and proposals are:
1. The detailed SSB and PRACH configurations is up to BS implementation and should not be mandated.
The worst case should be considered, that means the detailed SSB and PRACH configurations resulting to higher SNR should be selected among all candidate options.
Define one set of requirements for both FDD and TDD.
Confirm that PRACH repetition can be within 1 slot for PRACH format A2 and C2.
Confirm that PRACH B4 can be configured in FDD 15kHz SCS based on available PRACH Configuration Index.
Use PRACH repetition interval = 4 symbols for A2 for 15/30/120kHz, 1 slot for B4 for 15/30kHz, 10 slots for B4 for 120kHz, 6 symbols for C2 for 15/30/120kHz for multiple PRACH transmission demodulation requirements.
Introduce additional manufacturer declarations for supported SCS(s) for PRACH repetition, with the additional limitation that the new declared SCS shall be subset of the legacy declared SCS.
Do not define additional applicability for different TDD patterns.
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