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1. Introduction
This contribution discusses several remaining issues regarding the RRM measurements based on SS/PBCH blocks and CSI-RS for L3 mobility. 
2. [bookmark: OLE_LINK7]C-DRX assumption on CSI-RS reception
In RAN1 #90, we have the following agreement on C-DRX UE measurement[2].
	Agreements:
· UE is not required to measure CSI-RS configured for L3 mobility outside the active time
· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation
· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time


It was agreed that UE is not required to measure CSI-RS for L3 mobility outside the active time when C-DRX configuration is configured for UE. In NR, both CSI-RS configuration and C-DRX configuration are UE-specific and very flexible. Therefore, C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are present outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time. 
Proposal 1: C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are present outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time. 
[bookmark: OLE_LINK9]--------------------------------------Text Proposal for Section 5.1.6.1.3 in TS38.214---------------------------------------
	If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the Cell_ID of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [‘QCL-TypeD’].
In a UE is configured with a DRX, the UE may not assume CSI-RS resource for L3 mobility are transmitted outside the active time. 



3. Clarification of SMTC
For SS-based measurement, SMTC with various window duration is introduced to confine UE measurement time for power consumption reduction. The SMTC window only need to cover all the actually transmitted SS blocks rather than the SS burst set. However, some companies in RAN2 think SMTC window should be equal to or larger than SS burst set even if a subset of SS blocks are transmitted actually. In order to avoid such misunderstanding, some clarification from RAN1 should be needed. 
Proposal 2: The SMTC window duration can be shorter than SS burst set and adopt the following text proposal for TS 38.215.
--------------------------------------Text Proposal for Section 5.1.1 in TS38.215---------------------------------------
	5.1.1    SS reference signal received power (SS-RSRP)
	Definition
	--omitted
If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).  SS-RSRP is not measured for SS/PBCH Blocks outside the SMTC window duration, even if they are in the indicated set of SS/PBCH Block(s). 
--omitted

	Applicable for
	--omitted






4. UE Rate-Matching behaviour
The intra-frequency measurement based on SSB and the condition of intra-frequency measurement without measurement gap are defined by RAN4 and captured as below[3].
	A measurement is defined as a SSB based intra-frequency measurement provided the center frequency of the SSB of the serving cell indicated for measurement and the center frequency of the SSB of the neighbor cell are the same, and the subcarrier spacing of the two SSB are also the same
The UE can perform intra-frequency SSB based measurements without measurement gaps under the following conditions:
-	the SSB is completely contained in the downlink operating bandwidth of the UE, and;
-	the SSB has the same subcarrier spacing as the downlink data transmission to the UE, and;
-	the UE is measuring on FR1;
-	the serving cell data transmissions to the UE have the same subcarrier spacing as the SSB to be measured
Editor’s note: The need or otherwise for measurement gap to perform measurements on FR2 where the UE may need to perform RX beamforming or when serving cell data transmissions to the UE have a different subcarrier spacing as the SSB to be measured is FFS.


According to the definition and condition, we can conclude that UE can receive SSB and PDSCH FDM-ed with SSB simultaneously when intra-frequency measurement is performed without measurement gap in FR1. In this case, rate matching around SSB REs is preferred in order to provide more available resources in PDSCH. For FR2, the need or otherwise for measurement gap to perform intra-frequency measurement is still FFS. Here we assume that this scenario will exist. In general, Rx beamforming is needed to improve receive gain. When analog/hybrid beamforming is used, UE may use different beams to measure SSB and receive DL data. In this case, rate matching around SSB OFDM symbols is preferred in order to provide more flexibility for UE Rx beam selection. 
[bookmark: OLE_LINK10]Proposal 3: UE should assume rate matching around SSB REs to get more available resources for PDSCH in FR1. UE should assume rate matching around SSB OFDM symbols to get more flexibility for Rx beam selection in FR2. 
--------------------------------------Text Proposal for Section 5.1 in TS38.214---------------------------------------
	If the UE has received no SSB-transmitted through higher layer signaling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to SSB-transmitted-SIB1, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
If the UE has received a SSB-transmitted through higher layer signaling about SS/PBCH block transmissions in the serving cell, the UE assumes SS/PBCH block transmission according to the SSB-transmitted, and if the PDSCH resource allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around these PRBs in the OFDM symbols where SS/PBCH block is transmitted. The UE assumes the periodicity of the SS/PBCH block transmission resources based on SSB-periodicity-serving-cell.
When the UE perform intra-frequency measurement without measurement gap in FR2, and if the PDSCH allocation overlaps with PRBs containing SS/PBCH block transmission resources the UE shall assume that PDSCH is rate matched around the OFDM symbols where SS/PBCH block is transmitted within SMTC window.



5. Multiplexing of SSB and CSI-RS
[bookmark: _GoBack]CSI-RS can be multiplexed with SSB in FDM manner. It is agreed that CSI-RS for L1 RSRP can be configured in the same OFDM symbols as an SSB. At the same time, UE should assume the CSI-RS and SSB are QCL-ed with respect to QCL type D due to the fact that only one Tx beam is used for DL transmission from the perspective of gNB in R15. In addition, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block. The same principle should be reused for CSI-RS for L3 mobility.
Proposal 4: The same multiplexing principle of CSI-RS for BM should be reused for CSI-RS for L3 mobility.
--------------------------------------Text Proposal for Section 5.1.6.1.3 in TS38.214---------------------------------------
	If a UE is configured with the higher layer parameters CSI-RS-Resource-Mobility and associatedSSB, the UE may base the timing of the CSI-RS resource on the timing of the cell given by the Cell_ID of the CSI-RS resource configuration. Additionally, for a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, the UE is not required to monitor the corresponding CSI-RS resource. The higher layer parameter isQuasiColocated indicates whether the associated SS/PBCH block given by the associatedSSB and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [‘QCL-TypeD’]. 
The UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with ‘QCL-TypeD’ if ‘QCL-TypeD‘ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.



6. Clarification of useServingCellTimingForSync
In RAN1 #AH 1706, we have the following agreements on synchronization indication[1].
	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 neighbor 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


It is agreed that synchronization information can be indicated for UE to derive SS block index of neighbor cell based on serving cell timing without reading PBCH. It is agreed by RAN2 that this information named as useServingCellTimingForSync is provided in the configuration of measurement object. When it is set as true, UE can utilize serving cell timing to derive the index of SS block transmitted by neighbor cell on the carrier. However, it does not mean that all the cells on the carrier are perfectly synchronized, i.e. the timing offset observed by UE between two cells is within a fraction of CP. In the figure below, UE can obtain the SSB index of neighbor cell according to the serving cell timing after PSS/SSS detection as long as the timing offset between the two cells is smaller than 2 OFDM symbols based on the numerology of neighbor cell. If the timing offset is equal to or larger than 2 OFDM symbols, the ambiguity will be caused and UE will not derive the SSB index of neighbor cell based on the serving cell timing. Therefore, UE can’t assume the cells on the carrier are synchronized perfectly unless the exact requirement is defined by RAN4 when useServingCellTimingForSync is set as true. 
Observation 1: UE can derive the SSB index of neighbor cell according to the serving cell timing as long as the timing offset between the two cells is smaller than 2 OFDM symbols based on the numerology of neighbor cell. 
Proposal 5: UE can’t assume the cells on the carrier are synchronized perfectly unless the exact requirement is defined by RAN4 when useServingCellTimingForSync is set as true. 


Figure 1 synchronization requirement to derive SSB index of neighbor cell
7. Conclusions
The following was proposed above:
[bookmark: OLE_LINK11]Observation 1: UE can derive the SSB index of neighbor cell according to the serving cell timing as long as the timing offset between the two cells is smaller than 2 OFDM symbols based on the numerology of neighobr cell.
Proposal 1: C-DRX UE should not assume the configured CSI-RS resources for L3 mobility are presented outside the active time and CSI-RS for L3 mobility is configured only within C-DRX UE’s active time.
Proposal 2: The SMTC window duration can be shorter than SS burst set and adopt the text proposal above for TS 38.215.
Proposal 3: UE should assume rate matching around SSB REs to get more available resources for PDSCH in FR1. UE should assume rate matching around SSB OFDM symbols to get more flexibility for Rx beam selection in FR2.
Proposal 4: The same multiplexing principle of CSI-RS for BM should be reused for CSI-RS for L3 mobility.
Proposal 5: UE can’t assume the cells on the carrier are synchronized perfectly unless the exact requirement is defined by RAN4 when useServingCellTimingForSync is set as true.
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