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[bookmark: _Ref462751722]1. 	Introduction
During the last RAN4 NR AH-1801 meeting a way forward for SSB index acquisition time has been agreed [1]. In this paper we propose requirements for requirement for SSB index acquisition time, including a draft text for changes in TS 38.133 reflecting the requirement formats agreed in [3]. 
Previously presented simulation results [2] are included in the Appendix, for completeness.  
2. 	Discussion and Proposals
The agreed way forward [1] for SS-PBCH Index acquisition includes the following requirements:
· FR1: The number of SS/PBCH burst attempts for SS/PBCH index acquisition needed for delay requirement is [2+X], whereby X is impairment margin for FR1. 
· FR2: The number of SS/PBCH burst attempts for SS/PBCH index acquisition needed for delay requirement is [3+Y], whereby Y is impairment margin for FR2. 
· Receiver beam sweeping should be considered for FR2 in the final requirements
Following on the proposals and the performance results in [2], we suggest for both FR1 and FR2 to adopt X = Y = 1 attempts as impairment margin, given that a side condition of SNR = -6 dB and 99% decoding success rate are used. The resulting requirements are captured in the following proposals: 
Proposal 1: The SSB Index acquisition time TSSB_time_index for FR1 corresponds to 3 attempts of DMRS acquisition.
Proposal 2:  The SSB Index acquisition time TSSB_time_index for FR2 corresponds to 4 attempts of PBCH SI reading, prior considering beam sweeping scaling factor. 
3. 	Draft CR text for TS 38.133 
The following is a proposal for CR to TS 38.133 reflecting the conclusion above, should those be agreeable. The format of the requirements is according to the formulas included in the agreed way forward for intra-frequency [3].
------------------------------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc501113939]9.2.5.1	Intrafrequency cell identification
Editor’s Note : The requirements below have been derived so far assuming no configured Scell or E-UTRA SCell. The requirements when one or more SCells or E-UTRA SCells are configured is for further study. The requirements below have been derived without considering gap sharing when all SMTC occasion are fully overlapping with measurement gaps.
[bookmark: OLE_LINK39]The UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_without_index if the UE has already identified an SS block with different time index and the same physical cell ID, or the UE has been indicated that the neighbour cell is synchronous with the serving cell. Otherwise UE shall be able to identify a new detectable intra frequency cell within Tidentify_intra_with_index
	Tidentify_intra_without_index = TPSS/SSS_sync + T SSB_measurement_period  ms
	Tidentify_intra_with_index = TPSS/SSS_sync + T SSB_measurement_period + TSSB_time_index
Where:
	TPSS/SSS_sync: it is the time period used in PSS/SSS detection given in table 9.2.5.1-1, 9.2.5.1-2, 9.2.5.1-5 (deactivated Scell) or 9.2.5.1-6 (deactivated SCell)
	TSSB_time_index: it is the time period used to acquire the index of the SSB being measured given in table 9.2.5.1-3 or 9.2.5.1-4 or  9.2.5.1-7 (deactivated SCell) or  9.2.5.1-8 (deactivated SCell)
	T SSB_measurement_period: equal to a measurement period of SSB based measurement given in table 9.2.5.2-1, table 9.2.5.2-2 table 9.2.5.2-3 (deactivated Scell) or 9.2.5.2-4(deactivated SCell)
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	max(600ms,[5 or 6]x SMTC period) Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.1-2: Time period for PSS/SSS detection, (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	TBD Note 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.11-3: Time period for time index detection (Frequency range FR1)
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	max(TBD, [3] x SMTC period) msTBDNote 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.1-4: Time period for time index detection (Frequency range FR2)
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	max(TBD, [4] x TBD x SMTC period) msTBDNote 1

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.2.5.1-5: Time period for PSS/SSS detection, deactivated SCell (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	TBD

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…



Table 9.2.5.1-6: Time period for PSS/SSS detection, deactivated SCell (Frequency range FR2)
	DRX cycle
	TPSS/SSS_sync

	No DRX, or DRX cycle < SMTC periodicity
	TBD

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…



Table 9.2.5.11-7: Time period for time index detection, deactivated SCell (Frequency range FR1)
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	TBD

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…



Table 9.2.5.1-8 Time period for time index detection, deactivated SCell (Frequency range FR2)
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	TBD

	DRX1 < DRX cycle≤ DRX2
	TBD

	…
	…

	…
	…
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Appendix – PBCH Performance Simulation Results [2]
A.1 	Assumptions 
PBCH performance simulations have been performed according to the assumptions in [2] for these particular cases:
· 1 TX antenna with cross-polarization and 2 RX antennas with ideal receiver beamforming (Rx beam is pointing towards the Rx signal and no beam sweep is simulated)
· Carrier Frequency 30 GHz: channel models AWGN, CDL-A/B/C, TDL-A/B/C/D 
· Carrier Frequency 2 GHz: channel models AWGN, EPA5, ETU30, ETU70, TDL-A/B/C/D
· One-shot detection: no combining of different PBCHs
In the agreed way forward [1], it is suggested that the SS/PBCH index acquisition time will be derived as PBCH-DMRS sequence acquisition time for FR1(sub-6) and as PBCH decoding (NR-MIB acquisition) time for FR2 (mmWave). Thus, mmWave results are reported for Case 1 (PBCH reading), whilst sub-6 results are reported for Case 2 (PBCH-DMRS time index reading without decoding PBCH data), for SNR of -6, -8 and -10 dB. 
For Case 1, the basic SI reading time is defined as the number of SS-blocks required for 99% to successfully decode the PBCH. For Case 2, DMRS time index reading time is defined as the number of SS-blocks required for 99% to successfully reading DMRS time index.
A.2.		Simulation Results
A.2.1 Results for 30 GHz – Case 1 PBCH SI Reading Performance
It can be observed that max. 3 independent decoding attempts are required to guarantee 99% detection probability at - 6 dB SNR in fading channel conditions. 
Table 1. PBCH SI reading time at 30 GHz, in number of SS burst set periods
	SNR [dB]
	AWGN
	CDL-A
	CDL-B
	CDL-C

	
	120 KHz
	240 KHz
	120 KHz
	240 KHz
	120 KHz
	240 KHz
	120 KHz
	240 KHz

	
	99%
	99%
	99%
	99%
	99%
	99%
	99%
	99%

	-6
	1
	1
	3
	2
	2
	2
	2
	2

	-8
	1
	1
	4
	4
	3
	3
	4
	4

	-10
	3
	3
	7
	6
	7
	8
	7
	6



	SNR [dB]
	TDL-A
	TDL-B
	TDL-C
	TDL-D

	
	120 KHz
	240 KHz
	120 KHz
	240 KHz
	120 KHz
	240 KHz
	120 KHz
	240 KHz

	
	99%
	99%
	99%
	99%
	99%
	99%
	99%
	99%

	-6
	3
	3
	3
	3
	3
	3
	3
	3

	-8
	4
	4
	4
	4
	4
	4
	4
	4

	-10
	8
	8
	7
	7
	7
	7
	7
	7





A.2.2 Results for 2 GHz – Case 2 DMRS Time Index Detection Performance
It can be observed 1 detection attempts is sufficient to guarantee 99% detection probability at - 6 dB SNR in fading channel conditions. 
Table 2. DMRS time index reading time at 2 GHz, in number of SS burst set periods
	SNR [dB]
	AWGN
	EPA5
	ETU30
	ETU70

	
	15 KHz
	30 KHz
	15 KHz
	30 KHz
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	
	99%
	99%
	99%
	99%
	99%
	99%
	99%
	99%

	-6
	1
	1
	1
	1
	1
	1
	1
	1

	-8
	1
	1
	2
	2
	1
	2
	2
	2

	-10
	1
	1
	2
	2
	2
	2
	2
	2



	SNR [dB]
	TDL-A
	TDL-B
	TDL-C
	TDL-D

	
	15 KHz
	30 KHz
	15 KHz
	30 KHz
	15 KHz
	30 KHz
	15 KHz
	30 KHz

	
	99%
	99%
	99%
	99%
	99%
	99%
	99%
	99%

	-6
	1
	1
	1
	1
	1
	1
	1
	1

	-8
	2
	2
	2
	2
	2
	2
	2
	2

	-10
	2
	3
	3
	3
	3
	3
	3
	3
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