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

2. Discussion on the default measurement time resources for SS-RSSI and SS-RSRQ definition
In RAN1#90bis [1], the group agreed on the following definition for SS- RSSI:
	Agreements:
· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 
· Measurement time resource(s) are confined within SMTC window duration(s).



Regarding the measurement time resource(s) for SS-RSSI, the following agreements were made [1]:
	Agreements:
· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs
· FFS details
· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.
· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED
· FFS the applicability for IDLE mode inter-frequency measurement
· FFS details



In the previous meeting, an agreement was reached regarding SS-RSSI definition when there is explicit configuration of the measurement resources for UEs in the RRC_CONNECTED mode (see [2]) and no agreement about the default measurement time resources. Therefore, we regard the definition of the default RSSI time-domain measurement resource as an outstanding issue.
The first candidate for the default time-domain measurement resources are OFDM symbols of the detected SSB(s). However, it’s highly probable that SSBs from one cell will collide with SSBs from other cells but not with the actual data transmission. In this case, the RSSI measurements, based on SSBs only, are highly biased and do not reflect the actual load of the system. Moreover, according to the following agreement from the last meeting [2], the measurement bandwidth for SS-RSSI is limited to the bandwidth of SS-RSRP which is the same as the SSB bandwidth.
	Agreements:
· In Rel-15, different measurement BW for CSI-RSSI than for CSI-RSRP is not supported
· In Rel-15, there is no consensus to support different measurement BW for SS-RSSI than for SS-RSRP



Therefore, the time domain is the only remaining option to proper capture DL control/data load.
To take into account other signal/channels and, thus, better estimate the system load, the measurement time should be extended as much as possible. Without any signalling from the network, the only way to extend the measurement time is to rely on slots where potentially the SSBs can be transmitted. Someone may argue that some of those slots could not contain any SSBs. Moreover they can be used for UL transmission in the target cell. However, the potential impact from the UL transmissions can be minimized after long averaging in the time domain. Based on that reasoning, we define the default RSSI measurement period TRSSI as follows:
TRSSI = Configured SMTC measurement window (if gap is not used);
TRSSI = Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used).
In this case, RSSI comprises the linear average of the total received power (in [W]) observed over time duration TRSSI, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. Please note that this definition is aligned with the recommendation from RAN4 [3].
In RAN#1 it was agreed to support carriers without SSB. These carriers are regarded as secondary which are used to boost the throughput of UEs in the CONNECTED mode. Moreover, in the absence of SSBs, the reference timing for such a component carrier (CC) is taken from the primary CC (with SSB). This is relevant only for intra-band carrier aggregation (CA). Therefore, for the carriers without SSB it is beneficial to extend the SS-RSRQ definition in order to enable channel load assessment. The SS-RSRP part of RSRQ in this case is taken from the primary CC based on its SS/PBCH block. For intra-band CA, it is expected that this RSRP correctly reflects the signal strength at the secondary CC. The RSSI part is measured at the secondary CC in certain OFDM symbols of the slots configured by the network and on certain resource blocks from the configured measurement bandwidth. For UEs in the CONNECTED mode such kind of network configuration can be always available. For example, the SS-RSSI slot and OFDM symbol configuration can be reused for these purpose. The configured measurement bandwidth at the secondary CC can be the same as the planned active DL BWP for the UE.

Proposal 1:
· Adopt the following definition of SS-RSRQ:
	Definition
	Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio of N×SS-RSRP / NR carrier RSSI, where N is the number of resource blocks in the NR carrier RSSI measurement bandwidth. If higher-layers indicate certain resource blocks, then the NR Carrier RSSI is measured on the indicated resource blocks. The Otherwise, the measurements in the numerator and denominator shall be made over the same set of resource blocks.

NR carrier Received Signal Strength Indicator (NR carrier RSSI), comprises the linear average of the total received power (in [W]) observed only in certain OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The measurement time resource(s) for NR Carrier RSSI are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration.

If indicated by higher-layers, for a half-frame with SS/PBCH blocks the NR Carrier RSSI is measured from OFDM symbols of the indicated slots and the OFDM symbol are given by Table5.1.3-1. Otherwise, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration or from OFDM symbols corresponding to overlapped time span between SMTC window duration and minimum measurement time within the measurement gap, if measurement gap is used.

Table 5.1.3-1: NR Carrier RSSI measurement symbols
	OFDM signal indication
SS-RSSI-MeasurementSymbolConfig
	Symbol indexes

	
	

	0
	{0,1}

	1
	{0,1,2,..,10,11}

	2
	{0,1,2,…, 5}

	3
	{0,1,2,…, 7}



If higher-layers indicate certain SS/PBCH blocks for performing SS-RSRQ measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRQ shall be the antenna connector of the UE. For frequency range 2, NR Carrier RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch, where the combining for NR Carrier RSSI shall be the same as the one used for SS-RSRP measurements. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRQ value shall not be lower than the corresponding SS-RSRQ of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_INACTIVE intra-frequency,
RRC_INACTIVE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency




3. Discussion on 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 38.213 or 38.215.  Therefore, we propose to capture the UE behaviour from the associated CSI-RS configuration.
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.
Proposal 2:
· 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

================ 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 3:
· 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.


4. 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 4:
· No specification text is needed for UE assumption of transmission of CSI-RS resource during the sleep duration of the C-DRX cycle.


5. Discussion on CSI-RS bandwidth and measurement requirements from UE
The allowed measurement bandwidth of CSI-RS for RRM is configured per cell. Additionally, in the last meeting the following agreement was reached:
	Agreements:
· A UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs



In order to fully comply with the agreement above, we make the following proposal:
Proposal 5:
· Send LS to RAN4 that accuracy requirements for CSI-RS RRM measurements are always based on the minimum between the CSI-RS bandwidth and active BWP.




6. Conclusions
	In this contribution, we discussed the remaining details of RRM measurements. Our proposals are summarized as below:
Proposal 1:
· Adopt the definition of SS-RSRQ as described in section 2 of R1-1802388

Proposal 2:
· 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

================ 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 3:
· 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 4:
· No specification text is needed for UE assumption of transmission of CSI-RS resource during the sleep duration of the C-DRX cycle.

Proposal 5:
· Send LS to RAN4 that accuracy requirements for CSI-RS RRM measurements are always based on the minimum between the CSI-RS bandwidth and active BWP.
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