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1. Introduction
In this contribution, we discuss remaining details on measurements for L3 mobility management based on agreements made in previous meetings.

2. Discussion on description of associated SSB signalling for CSI-RS for L3 mobility
In RAN1 2018 Adhoc #1, RAN1 has agreed to send an LS to RAN4 for RAN4 to define the UE behaviour associated with CSI-RS configuration. However, with offline checking with 38.133 editor in RAN4, the editor of 38.133 suggested that UE behavioural aspects of the CSI-RS measurement be captured in RAN1 specification. The 38.133 should only contain requirement aspects and all behavioural aspects should be captured in physical layer specification. 
Therefore, we propose to capture the following text in 38.215 under the Section 5.1.2 CSI-RSRP, Section 5.1.4 CSI-RSRQ, and section 5.1.6 CSI-SINR measurements or define a new section in 38.213 with section title RRM measurements.
Proposal 1:
· Capture the following text in 38.215 under the Section 5.1.2 CSI-RSRP, Section 5.1.4 CSI-RSRQ, and section 5.1.6 CSI-SINR measurements or in 38.213 with a new section and with title RRM measurements.

================ Start of Text Proposal ===============
The higher layer parameter associated-SSB configures the index of associated SS/PBCH block for a CSI-RS resource. The associated SS/PBCH block and CSI-RS resource are from cell indicated by the high layer parameter cellId.
For a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, UE is not required to monitor the corresponding CSI-RS resource(s). 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]. UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the higher layer parameter cellId.
For a given CSI-RS resource, if the associated-SSB is not configured, UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
================ End of Text Proposal ===============

	The second issue for associated-SSB parameter is on whether a set of CSI-RS resources configured in a frequency layer can be configure with associated-SSB and a set of CSI-RS resources configured in the same frequency layer are not configured with associated-SSB. If such mixture of associated-SSB configuration exist in a frequency layer, what is the maximum number of CSI-RS resources that could be configured per UE.
According to our understanding, the original agreement intended that association-SSB is configured for all CSI-RS resources for given frequency layer if configured. If not configured, all CSI-RS resources for a frequency layer would not have this configuration. This seems to the most logical conclusion as association-SSB can be not configured only if the networks is synchronized and UE does not need to detect SSB prior to CSI-RS resource measurement. If the network is synchronized, there would be no need for the network to provide the association for the frequency layer.
Proposal 2:
· Associated-SSB parameter is configured for all CSI-RS resources in a frequency layer, if configured. Otherwise, associated-SSB parameter should not be configured for all CSI-RS resource in a frequency layer.


3. Discussion on C-DRX and CSI-RS for L3 mobility
In the RRM discussion summary [5], the discussion on the C-DRX and gNB transmission behaviour for CSI-RS is outlined. There were two proposals:
· Alt 1: UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.
· Alt 2: Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of UE configured with C-DRX.

Among the two proposals, Alt 1 allows the UE to potentially wake up outside the C-DRX and perform measurements or use the CSI-RS resource to further tune AGC, or its Rx beams configuration prior to start of reception of PDCCH from the gNB. Of course, this operation will be at the expense of additional power drain at the UE. However, it would be favourable to leave such implementation option available. Therefore, our preference is Alt 1. However, it is not clear if any modification to the specification is needed for Alt 1. 

Proposal 3:
· No specification text is needed for UE assumption of transmission of CSI-RS resource during the sleep duration of the C-DRX cycle.





4. Rate-matching of PDCCH and PDSCH during intra-frequency measurement without measurement gap
In RAN4 2018 Ad-hoc #1, the following was agreed:
	Within a SMTC window which is not overlapped with measurement gap in non-CA case:
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement:
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol before each consecutive SSB symbols and [1] symbol after each consecutive SSB symbols within SMTC window duration if useServingCellTimingForSync is enabled
· For UE not supporting mixed numerology scenarios, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration if useServingCellTimingForSync is not enabled
· In FR2 intra-frequency SS-RSRP/SINR measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)
· In FR2 intra-frequency SS-RSRQ measurement:
· UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration (assuming that  useServingCellTimingForSync is always enabled for FR2)
· Note: whether or not to define specific behavior for rate matching around above symbols is up to RAN1
· Note: RAN4 needs to check if cell synchronization accuracy complies with cell phase synchronization requirement in TS 38.133 when useServingCellTimingForSync is enabled
· Regarding the value of “X”,
· Option 1: X = [1]
· Option 2: Companies are encouraged to investigate the value of X. If it is identified that X needs to be large value e.g., more than 4, following alternative solutions should be considered
· SMTC-based solution, i.e., all symbols within SMTC window are not available for data transmission/reception
· SSB-slot-based solution, i.e., all symbols within slot(s) containing SSB are not available for data transmission/reception

Within a SMTC window which is not overlapped with measurement gap in CA case:
· In FR1 intra-frequency SS-RSRP/RSRQ/SINR measurement for intra-band CA without UE capability on simultaneous reception of SSB and data with mixed numerologies,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, [1] symbol(s) before each consecutive SSB symbols and [1] symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is enabled
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on all symbols within SMTC window duration for any one of intra-frequency measurements if the SSB to be measured has different SCS from that for serving cell data and useServingCellTimingForSync is not enabled
· In FR2 intra-frequency SS-RSRP/SINR measurement for intra-band CA,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured, X symbol(s) before each consecutive SSB symbols and X symbol(s) after each consecutive SSB symbols for any one of intra-frequency measurements
· In FR2 intra-frequency SS-RSRQ measurement for intra-band CA,
· in each serving cell, UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured , RSSI measurement symbols, X symbol(s) before each consecutive SSB/RSSI symbols and X symbol(s) after each consecutive SSB/RSSI symbols within SMTC window duration for any one of intra-frequency measurements (assuming that  useServingCellTimingForSync is always enabled for FR2)

NR supports to configure enabling/disabling intra-frequency measurement on each NR SCell frequency layer
· When there is at least one serving cell with intra-frequency measurement within serving cells for intra-band CA, disabling intra-frequency measurement on other serving cell(s) is possible
· FFS: whether additional condition(s) for disabling intra-frequency measurement on NR Scell is/are defined or not
· Detailed signaling design is up to RAN2




Basically, RAN4 has defined interruption time for reception of PDCCH and PDSCH during measurement of SSB OFDM symbols for RRM. They have also concluded that whether or not to define specific behavior for rate matching around above symbols is up to RAN1. The number of OFDM symbol that get effected by the measurement interruption will be at least 6 OFDM symbols for each SSB.
Given that NR DCI format can flexibly allocate PDSCH to different OFDM symbols within the slot and different PRBs in frequency, it need to define special rate matching rules for measurement interruption can be considered as minor optimization. Therefore, we propose not to define any special rate matching behavior for NR Rel-15 due to RRM measurement interruption during intra-frequency measurements without measurement gap.

Proposal 4:
· No special rate-matching behaviour is defined for NR Rel-15 PDSCH and PUSCH for deal with RRM measurement interruption time for intra-frequency measurements without measurement gap.


5. Multiplexing of CSI-RS and SSB for RRM measurements
In our companion contribution [6], we discuss unclear UE behaviors related to multiplexing of physical channels and RS with and without spatial QCL relationships. We can categorize the multiplexing of physical channels and RSs into two cases.
· Type 1 multiplexing 

· Definition: Multiplexing is expected to degrade UE function/performance (even if QCL Type D can be ensured and the same Tx beam is used by the gNB)

· UE is expected to perform Rx-beam switching (refinement) with respect to a RS that is multiplexed (a BM RS or RRM RS is multiplexed here) or when QCL indication is not possible (SSB multiplexing across CCs)

· Whether/how to allow multiplexing by the gNB?

· If multiplexed in a particular instance, UE behavior 

· Option 1: Skipping transmission of RS/channel
· Option 2: Overriding QCL assumptions
· Option 3: Prioritization of processing of one RS/channel over another
· Option 4: left to UE implementation 

· Type 2 multiplexing

· Definition: Multiplexing is not expected to degrade UE function/performance if QCL Type D can be ensured by the gNB 

· UE is not expected to perform Rx-beam switching (refinement) for any of the RS multiplexed here or Rx-beam switching (refinement) is applicable to all multiplexed RS that are QCL-ed.

· Note that using the same Tx beam at the NW during multiplexing may not be sufficient to ensure QCL Type D  (e.g. PDSCH is multiplexed with CORESET, PDSCH is QCL with CSI-RS, and CORESET is QCL with SSB, UE is not aware that CSI-RS and SSB is QCL)

· Whether to allow multiplexing by the gNB?
· FDM multiplexing can be allowed if QCL Type D is ensured by the gNB

· If multiplexed but QCL Type D is not ensured by the NW

· Option 1: Skipping transmission of RS/channel
· Option 2: Overriding QCL assumptions
· Option 3: Prioritization of processing of one RS/channel over another
· Option 4: left to UE implementation
· Option 5: Error condition (multiplexing not allowed) 
Among the cases identified in [6], there are multiplexing of RSs that needs to be discussed in the initial access and mobility agenda. The yellow highlighted parts are suggestions on categorization of the multiplexed channels/RSs. Issues related to PDSCH and PDCCH are best left up to RAN 4 where the discussions are being taken place. The initial acess agenda should focus on multiplexing between SSB and CSI-RS with different purposes and configuration and how this should be treated (e.g. define a UE behavior, treat as error case, or undefined and leave to UE implementation, etc).
It should be noted that in order SSB and CSI-RS to be multiplexed in the same OFDM symbol, it was agreed that network ensure spatial QCL exists between SSB and CSI-RS. Additionally, some RSs can have multiple functionalities. For example, CSI-RS for RLM can be also configured for CSI-RS for BFD and BM. This further complicates the issue.  Additionally, UE behavior aspects related to multiplexing of SSB and CSI-RS in different CC may need to be clarified as well.
	
	SSB-RLM
	SSB-
RRM
	SSB-
BFD
	SSB-
BM
	CSI-RS-RLM
	CSI-RS-RRM
	CSI-RS-BFD
	CSI-RS-BM
	PDSCH
	PDCCH

	SSB-RLM
	-
	Type 1
	Type 2
	Type 1
	Type 2
	Type 1
	Type 1
	Type 1
	Up to RAN4
	Up to RAN4

	SSB-RRM
	-
	-
	Type 1
	Type 1
	Type 1
	Type 1
	Type 1
	Type 1
	Already defined by RAN4
	Already defined by RAN4

	SSB-
BFD
	-
	-
	-
	Not IA domain
	Type 1
	Type 1
	Not IA domain
	Not IA domain
	Not IA domain
	Not IA domain

	SSB-
BM
	-
	-
	-
	-
	Type 1
	Type 1
	Not IA domain
	Not IA domain
	Not IA domain
	Not IA domain

	CSI-RS-RLM
	-
	-
	-
	-
	-
	Type 1
	Type 2
	Type 1
	Up to RAN4
	Up to RAN4

	CSI-RS-RRM
	-
	-
	-
	-
	-
	-
	Type 1
	Type 1
	Up to RAN4
	Up to RAN4

	CSI-RS-BFD
	-
	-
	-
	-
	-
	-
	-
	Not IA domain
	Not IA domain
	Not IA domain

	CSI-RS-BM
	-
	-
	-
	-
	-
	-
	-
	-
	Not IA domain
	Not IA domain

	PDSCH
	-
	-
	-
	-
	-
	-
	-
	-
	-
	Not IA domain

	PDCCH
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-



Based on the potential multiplexing of SSB and CSI-RS, RAN1 will need to conclude on potential UE behavior (including leaving it up to UE implementation) or multiplexing restrictions. It should be noted that RAN4 may discuss some multiplex aspects even though it was not listed as up to RAN4.
Proposal 5:
· RAN1 to further discuss potential UE behavior or multiplexing restrictions when SS/PBCH block and CSI-RS are multiplexed in the same OFDM symbol.


6. Conclusions
	In this contribution, we discussed the remaining details of RRM measurements. Our proposals are summarized as below:
[bookmark: _GoBack]
Proposal 1:
· Capture the following text in 38.215 under the Section 5.1.2 CSI-RSRP, Section 5.1.4 CSI-RSRQ, and section 5.1.6 CSI-SINR measurements or in 38.213 with a new section and with title RRM measurements.

================ Start of Text Proposal ===============
The higher layer parameter associated-SSB configures the index of associated SS/PBCH block for a CSI-RS resource. The associated SS/PBCH block and CSI-RS resource are from cell indicated by the high layer parameter cellId.
For a given CSI-RS resource, if the associated SS/PBCH block is configured but not detected by the UE, UE is not required to monitor the corresponding CSI-RS resource(s). 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]. UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the higher layer parameter cellId.
For a given CSI-RS resource, if the associated-SSB is not configured, UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
================ End of Text Proposal ===============

Proposal 2:
· Associated-SSB parameter is configured for all CSI-RS resources in a frequency layer, if configured. Otherwise, associated-SSB parameter should not be configured for all CSI-RS resource in a frequency layer.

Proposal 3:
· No specification text is needed for UE assumption of transmission of CSI-RS resource during the sleep duration of the C-DRX cycle.

Proposal 4:
· No special rate-matching behaviour is defined for NR Rel-15 PDSCH and PUSCH for deal with RRM measurement interruption time for intra-frequency measurements without measurement gap.

Proposal 5:
· RAN1 to further discuss potential UE behavior or multiplexing restrictions when SS/PBCH block and CSI-RS are multiplexed in the same OFDM symbol.
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