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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In this paper, we firstly discuss some remaining issues related to SS-RSSI measurement. 
Secondly, some remaining issues on CSI-RS measurement configuration are also discussed in the section 3, including
· UE behavior and the maximum number of configured CSI-RS resources
· Slot offset details
· Cell-specific measurement BW of CSI-RS resources
· For intra-frequency measurement, relationship with active DL part
SS-RSSI Time Domain Measurement Resource
Regarding the time domain measurement resources, the corresponding RAN1 91 agreements are listed as below:
	Agreements:
When a set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier for a UE in RRC_CONNECTED mode:
· Slots in the RSSI measurement resource are configured by a bitmap with each bit corresponding to each slot of the slots within the SMTC window duration
· Here, the slots are determined based on the SSB numerology
· OFDM symbol level configuration for the configured slots: 
· Configurable with a limited set of ending symbols; the set of symbols in a slot is from symbol 0 to the ending symbol
· No more than 4 values for the end symbol 
And RAN4 Agreement (R4-1714286 LS to RAN1): 
· For the by-default RSSI, the time duration, TRSSI, is defined 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)



[bookmark: _Ref503551243]Proposal 1: adopt the RAN4 agreement for by-default RSSI. 
However, one open issue is whether UE to skip its own UL symbols, because UE is not expected to transmit UL transmission and perform measurement simultaneously. 
[bookmark: _Ref503551246]Proposal 2: UE is not expected to measure NR Carrier RSSI on its own UL symbols. 

Besides, one open issue could be when slot and symbols are configured for SS-RSSI measurement, whether UE is required to measure RSSI regarding to timing of each cell. The cell-specific timing will involve frame boundary and slot boundary detection, and it will introduce more UE complexity due to reading PBCH of other cells for C0 and SBI in FR2. However, the carrier-specific SS-RSSI is preferred, and the configured slots and symbols are aiming to avoid UL symbols for TDD case, so it is reasonable to assume certain level of synchronization between cells with the slots and symbols are configured.
[bookmark: _Ref503551252][bookmark: OLE_LINK52][bookmark: OLE_LINK53]Proposal 3: when SS-RSSI-Measurement Slot/Symbol is configured, UE can assume the slot timing and symbol timing are referenced to the frame boundary of serving cell or any of detected cells on that carrier. 

Based on the above discussion, the following text proposal is proposed to capture the proposals
------------Begin of Text Proposal for TS38.215 Section 5.1.3------------
[bookmark: _Toc492373195][bookmark: _Toc500871213][bookmark: OLE_LINK3][bookmark: OLE_LINK4]5.1.3	SS reference signal received quality (SS-RSRQ)
	Definition
	
…

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. UE is not expected to measure NR Carrier RSSI on its own UL symbols.

If higher-layers indicate certain measurement time resource(s), then NR Carrier RSSI is measured from the indicated OFDM symbols of the indicated slots, and UE can assume the slot timing and symbol timing are referenced to the frame boundary of serving cell or any detected cells on that carrier. Otherwise, NR Carrier RSSI is measured from all 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.
…



------------End of Text Proposal for TS38.215 Section 5.1.3------------


3. Measurement based on CSI-RS
3.1. UE behavior and maximum number of configured CSI-RS resources
According to whether the associated SSB is signaled to UE for CSI-RS resources, the UE behavior and the maximum number of configured CSI-RS resources are different. The corresponding R1 agreement is attached.     
	RAN1-91 Agreement:
Agreements:
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected
Agree on the following table for the CSI-RS configuration parameters:
	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
Note: If the associated-SSB is signaled, UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB
	{0, 1, …, L-1}

	Configured per resource
This field is optional per frequency layer

	QCLed-SSB
	The CSI-RS resource is either QCL’ed not QCL’ed with the associated SSB in spatial parameters
	{yes, no}

	Configured per resource
This field is conditionally indicated if associated-SSB is configured






UE behavior with and without associated SSB
When associated SSB is signalled to UE, UE is able to down-select CSI-RS resources to monitor according to the detected SSBs, because UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB, and the UE measurement cost can be reduced. Note that it is not possible for UE to detect cells via CSI-RS. On top of this, regardless whether associated SSB is signalled or not, it would prefer to down-select the CSI-RS resources by detected cell ID, in order to reduce UE measurement cost. 
[bookmark: _Ref503465478]Proposal 4: UE is not required to measure the CSI-RS resources if its cell ID is not detected. 
Without associated SSB, UE may assume that the carrier is synchronized with the serving cell. However, it is not clear whether it is also valid for inter-frequency measurement, because there is no serving cell on inter-frequency layers. Therefore, associated SSB must be signalled for CSI-RS resources for inter-frequency layers. 
[bookmark: _Ref503465466]Observation 1: For inter-frequency measurement, where is no serving cell on other carriers, it is not clear whether UE can assume that the carrier is synchronized with the serving cell.
[bookmark: _Ref503465479]Proposal 5: For inter-frequency measurement, associated SSB must be configured for CSI-RS resources.
Maximum number of configured CSI-RS with and without associated SSB
Regarding the number of configured CSI-RS resources, RAN1 has agreed: 
· With associated SSB, total 96 CSI-RS resources and M CSI-RS resources per associated SSB can be configured per carrier
· Without associated SSB, N2 CSI-RS resources can be configured per frequency layer. 
The max. # of configuration has the impact on UE’s CSI-RS measurement capability, which may have some relation between SSB’s. The number of CSI-RS resources UE can monitor is up to UE capability, and it is expected to be far less than the number of configured CSI-RS resources. 
[bookmark: _Ref503465471]Observation 2: UE capability on CSI-RS measurement should be far less than the number of configured CSI-RS.
Besides, it consumes UE processing power to monitor CSI-RS resources, and if too many CSI-RS resources come together at the same time, UE would need to have more time to process it.
[bookmark: _Ref503465473]Observation 3: UE evaluation time for CSI-RS measurement should be relaxed, if too many CSI-RS resources are to be monitored in a slot.

3.2. Slot offset details
The slot configuration of CSI-RS resources for mobility has been specified in RAN1, and the corresponding R1 agreement is attached.     
	RAN1-91 Agreement:
Agreements:
Agree on the following table for the CSI-RS configuration parameters:
	slotConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
FFS slot offset details (no additional RRC impact)
	Periodicity: {5, 10, 20, 40} msec
Offset: 0, 1, …, P-1 slots, where periodicity P is in terms of slots in the CSI-RS numerology
	Configured per resource






[bookmark: _Ref494468501]Slot offset is configured for indicating the timing location of CSI-RS resource. The slot offset could be the slot number referenced to the frame boundary of SFN0. However, in NR, it involves high UE complexity to detect frame boundaries for all neighboring cells, i.e., UE may need to read PBCH of cells for C0 (half frame indication) and 3-MSB of SBI in FR2. Because UE needs to get the timing and SBI of a detected SSB to derive the half frame boundary, according to SS burst set composition. Then the frame boundary can be decided after C0 is acquired. Therefore, significant UE effort could be introduced by cell-specific frame boundary detection, when cells’ frame boundary are not well-aligned. 
[bookmark: _Ref503465474]Observation 4: If the slot offset is referenced to the frame boundary, UE may need to read PBCH of other cells when the frame boundaries are not well-aligned.
[bookmark: _Ref494468485]Based on the observation, to prevent UE to detect frame boundary of all neighboring cells, it would prefer certain level of synchronization between cells to allow all CSI-RS resources sharing a common reference to the frame boundary of the serving cell. For inter-frequency measurement, then it can be referenced to the frame boundary of any detected cells in the target carrier.
[bookmark: _Ref503465481][bookmark: _Ref503465614]Proposal 6: For intra-frequency measurement, the timing reference of slot offset is the frame boundary of serving cell; for inter-frequency measurement, the timing reference of slot offset is the frame boundary of any detected cells in that frequency layer.

3.3. Cell-Specific Measurement BW of CSI-RS for Mobility
The measurement BW of CSI-RS resources for mobility has been specified in RAN1, and the corresponding R1 agreement is attached.     
 (
RAN1-91 Agreement:
Agreements
:
Agree on the following table for the CSI-RS configuration parameters:
Common-PRB-Grid-offset
Information to define common PRB grid for CSI-RS sequence generation 
Corresponds to an offset (in terms of number of subcarriers in CSI-RS numerology) between PRB 0 for common PRB  indexing and a reference location (i.e., corresponds to RRC parameter DL-BWP-loc defined for BWP)
– the reference location is the lowest PRB of the cell-defining SSB
[0,1,2, …, >276*4]
A common value is assigned across all the resources configured for per cell
Measurement-BW
Allowed measurement BW for CSI-RS
BW size: {24, 48, 96, 192, 268} PRBs in CSI-RS numerology
Starting PRB index: {0, 1, …, [251](=274-24+1)]} PRBs with respect to PRB0 in CSI-RS numerology
A common set of values are assigned across all the resources configured per cell
)
Based on the configuration, UE is able to locate CSI-RS resources of each cell as the following steps, illustrated in Figure 1.
· Step 1: locating PRB0 according to common-PRB-Grid-offset, with the reference location being the lowest PRB of the cell-defining SSB
· Step 2: locating starting PRB index according to the cell-specific Measurement-BW, offsetting form PRB0. 
· Step 3: locating PRBs of CSI-RS resources according to the starting PRB index and BW size in the cell-specific Measurement-BW.
[image: ]
Figure 1: UE procedures to locate PRBs of CSI-RS resources for L3 Mobility

According to current RRC configuration of CSI-RS, it is not clear whether CSI-RS could be punctured by SSB, as illustrated in Figure 2. If the configured CSI-RS is punctured, it would have impact on the channel estimation performance, then it would degrade the measurement accuracy. So it would be necessary to avoid to configure CSI-RS which will be punctured by SSB.
[bookmark: _Ref503465482]Proposal 7: It should avoid to configuring CSI-RS which will be punctured by SS/PBCH block.
[image: ]
Figure 2: CSI-RS punctured by SSB

The following text proposal is proposed to capture the proposals
------------Begin of Text Proposal for TS38.211 Section 7.4.1.5.3------------
7.4.1.5.3	Mapping to physical resources
…




where  is the bit number of the  set bit in the bitmap, repeated across every  of the resource blocks configured for CSI-RS reception by the UE when . The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameter CSI-RS-FreqBand and CSI-RS-Density for the carrier bandwidth part given by the higher-layer parameter BWP-Info. UE will not be configured that CSI-RS which will be punctured by SS/PBCH block.
…
------------End of Text Proposal for TS38.211 Section 7.4.1.5.3------------


Besides, according to the current configuration, the measurement BW, including BW size and starting PRB, of CSI-RS recourses are cell-specific, so the measurement BW of different cells could be either fully disjoint or partially overlapped, as illustrated in the left side in Figure 3, and UE measurement BW would be the “union” of configured CSI-RS resources. However, if the measurement BW are disjoint (as cell 2 and cell 3 in the left side in Figure 3), it tends to mandate UE to apply wider BW to measure the union of configured CSI-RS resources. We could further discuss it in intra- and inter-frequency measurement, respectively.
[image: ][image: ]
Figure 3: UE measurement BW for CSI-RS resources for L3 Mobility
For intra-frequency measurement, it involves the configuration of active BWP, and we will discuss it in the next session. 
For inter-frequency measurement, UE is not required to measure CSI-RS resources with BW wider than UE max. DL BW. Besides, it would prefer to perform measurement at reasonable cost with BW smaller than maximum BW, so it is beneficial to confine CSI-RS resources within a certain frequency range and UE is not expected to measure the fully disjoint CSI-RS resources. 
[bookmark: _Ref503465483]Proposal 8: UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW.
[bookmark: _Ref503465484]Proposal 9: UE is not required to measure the CSI-RS resources which are not overlapped with any other cells in frequency domain, if measurement gap is not used.


3.4. For intra-frequency measurement, relationship with active DL part
For intra-frequency measurement, one open issue is the relationship between CSI-RS reoucres and BWP. Since the CSI-RS resources and BWP are configured seperately, so there could be some cases as illustrated in Figure 3: 
· Case 1: all configured CSI-RS resources within the active DL BWP
· Case 2: some configured CSI-RS resources outside the active DL BWP, but the active DL BWP overlaps at least X PRBs of each configured CSI-RS resource.  
· Case 3: some configured CSI-RS resources outside the active DL part, but the active DL BWP overlaps less than X PRBs of each configured CSI-RS resource.  
[image: ]
Figure 4: the relationship between CSI-RS resources and BWP

Without gap, UE is not expected to perform measurement on CSI-RS resources outside active DL BWP, because UE needs some time for RF tuning. However, it could lead to different options of UE behavior, e.g. 
· Opt. 1: gap shall be configured to UE when BW of CSI-RS for mobility outside active DL BWP, regardless how much X PRBs within active DL BWP
· E.g. in Case#2, UE measures CSI-RS of cell#0, and gap should be configured to UE to measure CSI-RS of cell#1
· Opt. 2: UE only measures the overlapped part between the configured CSI-RS resources and its active DL BWP, when a CSI-RS resource has no less than X PRBs inside DL active BWP. 
To simplify the requirement and also reduce the usage of gap, Opt 2 is preferred.

[bookmark: _Ref503465486][bookmark: _GoBack]Proposal 10: UE only measures the overlapped part between the configured CSI-RS resources and its active DL BWP, when a CSI-RS resource has no less than X PRBs inside DL active BWP. 
Summary
In this contribution, we provided more discussion on aspects related to RRM measurement. Based on the discussion, the following proposals are given for consideration. Corresponding text proposals can be found in the above sections.
Proposal 1: adopt the RAN4 agreement for by-default RSSI.
Proposal 2: UE is not expected to measure NR Carrier RSSI on its own UL symbols. 
Proposal 3: when SS-RSSI-Measurement Slot/Symbol is configured, UE can assume the slot timing and symbol timing are referenced to the frame boundary of serving cell or any of detected cells on that carrier. 
The corresponding text proposal for TS38.215 Section 5.1.3 can be found in the sections.
Proposal 4: UE is not required to measure the CSI-RS resources if its cell ID is not detected.
Observation 1: For inter-frequency measurement, where is no serving cell on other carriers, it is not clear whether UE can assume that the carrier is synchronized with the serving cell.
Proposal 5: For inter-frequency measurement, associated SSB must be configured for CSI-RS resources.
Observation 2: UE capability on CSI-RS measurement should be far less than the number of configured CSI-RS.
Observation 3: UE evaluation time for CSI-RS measurement should be relaxed, if too many CSI-RS resources are to be monitored in a slot.
Observation 4: If the slot offset is referenced to the frame boundary, UE may need to read PBCH of other cells when the frame boundaries are not well-aligned.
Proposal 6: For intra-frequency measurement, the timing reference of slot offset is the frame boundary of serving cell; for inter-frequency measurement, the timing reference of slot offset is the frame boundary of any detected cells in that frequency layer.
Proposal 7: It should avoid to configuring CSI-RS which will be punctured by SS/PBCH block.
The corresponding text proposal for TS38.211 Section 7.4.1.5.3 can be found in the sections.
Proposal 8: UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW.
Proposal 9: UE is not required to measure the CSI-RS resources which are not overlapped with any other cells in frequency domain
Proposal 10: UE only measures the overlapped part between the configured CSI-RS resources and its active DL BWP, when a CSI-RS resource has no less than X PRBs inside DL active BWP. 
References
[bookmark: _Ref402442435][1] Chairman Notes for RAN1 91 meeting.
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