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1. Introduction
In RAN1 #90bis meeting, following agreements are made for SSB-ToMeasure bitmap.
Agreements:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
· Note: this means that all SS blocks within the SMTC measurement duration 
In RAN1 #AH1801 meeting, following agreements are made for associated SSB.
Agreements:
· If associated SSB is not configured:
· UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.
· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
· If associated SSB is configured:
· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.
· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
In RAN1 #AH2 meeting, following agreements are made for useServingCellTimingForSync.
Agreements:
· An indication related to the synchronization information  is provided to the UE
· When there is the indication for a carrier, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell (e.g., radio frame or SFN or symbol level synchronization)
· Note that it is up to RAN2 how to provide this indication
· Note that it is up to RAN4 about the feasibility of synchronization and its requirement
In this contribution, we shared more views on the relationship between ssb-ToMeasure bitmap and SMTC configuration in MO, and discussed the UE behaviour upon receiving the ssb-ToMeasure IE.
2. Discussion on SSB-ToMeasure bitmap
In current ASN.1, except SMTC window configuration(i.e. window period/offset/duration), network can indicates an “ssb-ToMeasure bitmap” in MO paralleled with SMTC configuration, see the ASN.1 below:
[bookmark: _Hlk496184822][bookmark: _Hlk496185501]-- A measurement timing configuration
SSB-ConfigMobility ::= 	SEQUENCE {
		subcarrierSpacingSSB                    SubcarrierSpacingSSB,
		-- The set of SS blocks to be measured within the SMTC measurement duration. 
		-- Corresponds to L1 parameter 'SSB-measured' (see FFS_Spec, section FFS_Section)
		-- When the field is absent the UE measures on all SS-blocks 
		-- FFS_CHECK: Is this IE placed correctly.
		ssb-ToMeasure							SetupRelease { 
			CHOICE {
				-- bitmap for sub 3 GHz
				shortBitmap							BIT STRING (SIZE (4)),
				-- bitmap for 3-6 GHz
				mediumBitmap						BIT STRING (SIZE (8)),
				-- bitmap for above 6 GHz
				longBitmap							BIT STRING (SIZE (64))
			}
		} 																	OPTIONAL,	-- Need M

	-- Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell:
	useServingCellTimingForSync				BOOLEAN,
																									
	-- Primary measurement timing configuration. Applicable for intra- and inter-frequency measurements. 
	smtc1									SEQUENCE {
		-- Periodicity and offset of the measurement window in which to receive SS/PBCH blocks. 
		-- Periodicity and offset are given in number of subframes.
		-- FFS_FIXME: This does not match the L1 parameter table! They seem to intend an index to a hidden table in L1 specs. 
		-- (see 38.213, section REF):
		periodicityAndOffset					CHOICE {
			sf5										INTEGER (0..4),
			sf10									INTEGER (0..9),
			sf20									INTEGER (0..19),
			sf40									INTEGER (0..39),
			sf80									INTEGER (0..79),
			sf160									INTEGER (0..159)
		},
		-- Duration of the measurement window in which to receive SS/PBCH blocks. It is given in number of subframes 
		-- (see 38.213, section 4.1)
		duration								ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
	
	},

	-- Secondary measurement timing confguration for explicitly signalled PCIs. It uses the offset and duration from smtc1.
	-- It is supported only for intra-frequency measurements in RRC CONNECTED. 
	smtc2 							SEQUENCE {
		-- PCIs that are known to follow this SMTC.
		pci-List						SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId		OPTIONAL, 	-- Need M
		-- Periodicity for the given PCIs. Timing offset and Duration as provided in smtc1.
		periodicity						ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160, spare2, spare1}
	}														OPTIONAL -- Cond IntraFreqConnected
}
According to RAN1 #90bis agreement, the network should anyway indicate the full bitmap of length L by ssb-ToMeasure IE, considering SSB transmission is various among different SCS and L(see Figure A in Annex),  we are able to derive the maximum length of SSB burst set based on the SCS and L, which is given by Table1. 
Table 1 maximum length of SSB burst set
	SCS of SSB
	L
	maximum length of SSB burst set (1ms granularity)

	15kHz
	4
	2ms

	
	8
	4ms

	30kHz
	4
	1ms

	
	8
	2ms

	120kHz
	64
	5ms

	240kHz
	64
	3ms


Take 15kHz SCS(L=8) as an example, although the maximum length of SSB burst set is 4ms, in deployment, network is allowed to only transmit a subset of SSBs in serving cell, in this case, the actual transmitted SSBs maybe within a small time duration. From RAN2’s perspective, the SMTC window configuration is used to indicate UE when to perform target cell search/measurement, and the SMTC configuration can be used to calculate gap duration and position, in order to save UE power consumption and reduce the gap impact on UE throughput, it make sense to allow the network to configure small SMTC window duration which covers the real transmitted SSBs of target freq, and this is also the consensus in RAN1 discussion, see the example in Figure1. 


Figure1 Desirable SMTC window duration upon partial SSB transmission
Proposal 1	RAN2 understanding is that the SMTC window duration can be shorter than the length of SSB burst set. 
By adopting proposal 1, from UE’s perspective, upon receiving the configured SMTC window from network, UE is only required to detect and measure the SSBs of target cell within the corresponding window duration, and UE shall not presume the SSB index within SMTC window is started from zero. 
Proposal 2	RAN2 understanding is that the start SSB time index within SMTC window is not restricted to be SSB index0.
Since RAN2 introduced beam level measurement and report, UE may be required to send SSB index together with the measurement result, so based on above analysis, when SMTC window duration is shorter than SSB burst set length, UE needs to know the SSB index of all SSBs which transmitted within the SMTC window. 
· For synchronous deployment, such as “useServingCellTimingForSync” is set to “True”, or the configured CSI-RS resource is not associated with SSB, as defined in RAN1, UE can assume the target cell is synchronized with serving cell, then utilize serving cell timing to derive the index of SS block transmitted by neighbour cell;
· For asynchronous deployment, such as “useServingCellTimingForSync” is set to “False”, or the configured CSI-RS resource is associated with SSB, UE can assume the target cell is not synchronized with serving cell, then UE is required to blind search the PSS/SSS of target cell within the SMTC window, and obtain the SSB index through PBCH-DMRS(i.e. LSB of SSB index for both high/low frequency) and PBCH payload(i.e. for frequency above 6GHz). 
As we known, obtaining SSB index will increase the UE complexity and power consumption, by introducing the ssb-ToMeasure bitmap, once the first SSB time index of target cell is detected and derived by UE, UE is easily to deduce the symbol position of rest SSBs which the corresponding bits are ON, and measure the related symbols directly to reduce UE’s effort.
Observation 1	Once the first SSB time index of target cell is derived by UE, UE can deduce the position of rest SSBs based on the ssb-ToMeasure bitmap. 
For “useServingCellTimingForSync” IE in synchronous use case, although the IE description is “Indicates whether the UE can utilize serving cell timing to derive the index of SS block transmitted by neighbour cell” in current 38.331, however, according to RAN1 AH2 agreement, the detail synchronization requirement(eg. radio frame or SFN or symbol level) is up to RAN4, and the WF[1] regards “useServingCellTimingForSync” was approved during RAN4 AH1801 meeting, basically, even if “useServingCellTimingForSync” is set to “True”, it allowed that the cells on same frequency might not be “perfectly” synchronized with each other, although the final requirement of synchronization accuracy has not been concluded in RAN4(i.e. possibly less than 1 OFDM symbol), in our understanding, if the timing difference of some cells are allowed to be more than 4 symbols, UE may make mistake by only utilize serving cell timing to derive the index of SSB of target cell. To assure the measurement accuracy, the simplest way is that UE can always detect and obtain the index of FIRST detected SSB of target cell, but in our view, this can be up to UE implementation without spec impacted.
Proposal 3	It is up to UE to decide whether to obtain the SSB time index of the first detected SSB of target cell.
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following proposal:
Observation 1	Once the first SSB time index of target cell is derived by UE, UE can deduce the position of rest SSBs based on the ssb-ToMeasure bitmap. 
Proposal 1	RAN2 understanding is that the SMTC window duration can be shorter than the length of SSB burst set. 
Proposal 2	RAN2 understanding is that the start SSB time index within SMTC window is not restricted to be SSB index0.
[bookmark: _GoBack]Proposal 3	It is up to UE to decide whether to obtain the SSB time index of the first detected SSB of target cell.
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Figure A  SSB transmission design in NR
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