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1. Introduction
This contribution tries to summaries key remaining aspects on NR RRM measurements based on contributions submitted for RAN1 2018 Ad-hoc #1.

2.  Summary of Key Issues for RRM measurements

2.1 Default SS-RSSI definition [2][3][4][5][7][8][11][12][13][14]
The default SS-RSSI definition has not been concluded in RAN1. RAN4 has provide their .recommendation for SS-RSSI in [1].

Dow-select from the following proposals:
· SS-RSSI default time-domain measurement resources are all OFDM symbols within the set of slots within the SMTC window.
· Supported by Huawei
· 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. 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)
· RAN4 recommendation, supported by Intel, Mediatek, NTT Docomo
· Default RSSI time-domain measurement resource should be the OFDM symbols before the SSBs
· Supported by ZTE, Sanechips
· For the default RSSI time-domain measurement resource, the RSSI is measured over all the OFDM symbols within the slot where SS blocks detected, excluding the detected SSB symbols and the flexible or uplink symbols.
· Supported by Vivo
· 1, 2 or 4 OFDM symbols prior to the detected SSB in half-slot level could be considered as the RSSI measurement resources, and the number of the OFDM symbols depends on the SS/PBCH sub-carrier spacing and/or SS/PBCH composition pattern.
· Supported by LGE
· Determine the time domain resources based on the presence of SS blocks in slot.
· Supported by Nokia
· Union of OFDM symbols {0, 1} and OFDM symbols before a detected SSB in each half slot containing the detected SSB, where the slot timing is defined according to the detected SSBs shall be adopted for default RSSI time-domain measurement resource
· Supported by OPPO
· UE can select any N OFDM symbols per each detected SS block within the SMTC window.
· Supported by Qualcomm
· First 2 OFDM symbols in the slot where SSB is detected.
· Supported by Ericsson

Continue discussions on the following proposals:
· UE is not expected to measure NR Carrier RSSI on its own UL symbols (Mediatek)
· 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. (Mediatek)
· The symbol & slot boundary for neighbour cell measurement is obtained from the detected SS/PBCH block corresponding to the target cell. All resources configured for RSSI measurement are used for RSSI measurement regardless of the slot/symbol location of the detected SS/PBCH block. (LGE)


2.2 Removal of 240kHz SCS support CSI-RS for L3 mobility [2] 
Currently, 240kHz SCS for PDCCH and PDSCH is not supported. Using 240kHz CSI-RS for L3 mobility may lead to inefficient use of resource multiplexing. Additionally, NR supports only one SCS to be configured for one active BWP. Since PDCCH/PDSCH do not support 240 KHz SCS, a 240 KHz SCS for CSI-RS contradicts this and agreeing on this would mean that the UE would require to receive mixed numerologies in one slot. 
Suggested Agreement: 
· Remove the parameter value 240 kHz SCS for CSI-RS for L3 mobility from the RRC parameter table.


2.3 Missing spec. text on RRC parameters [2][7] 
RAN1 has agreed to two RRC parameters on ‘associated-SSB’ and ‘qcled-SSB’, but related specification text is currently missing.

Suggested Agreement: 
· Agree on text proposal in Annex A.2 in R1-1800065 (Huawei)

Annex A.2: Text proposal for Rel. 15 TS 38.214 Section 5.1.6.1.2
------------------------------------------ Start of Text Proposal ----------------------------------------------
---------------------------------------- Unchanged parts omitted --------------------------------------------
5.1.6.1.2	CSI-RS for L1-RSRP computation
---------------------------------------- Unchanged parts omitted --------------------------------------------
[bookmark: _GoBack]If a UE is configured with the higher layer parameter NrofPorts set to ‘two’, the UE shall compute a linear average of each CSI-RS port’s RSRP. 
For each CSI-RS resource, the higher layer parameter associated-SSB can be optionally configured to indicate the index of at most one associated SSB per frequency layer.  The higher layer parameter qcled-SSB further indicates whether or not the possible associated SSB and the CSI-RS resource are QCLed in spatial parameters. 
The UE may be configured to use the same OFDM symbols for the CSI-RS and CORESET when resource elements associated with CSI-RS are the outside of PRBs configured for CORESET.
---------------------------------------- Unchanged parts omitted --------------------------------------------
------------------------------------------ End of Text Proposal -------------


2.4 Rx Beams for RRM measurements [3][12] 
Currently it is up to the UE implementation to select a set of Rx beams for the RRM measurements on a carrier. Rx beam used should have similar maximum Rx beamforming gain, in order to provide consistent RRM measurements. 
Continue further discussion:
· The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain (ZTE)
· Measurement to be reported is the best among the measurements based on each RX beam in the selected set. (Nokia)



2.4 RSSI measurement in intra-frequency measurement [3] 
Intra-frequency measurement may have up to two SMTC periodicity configured. RSSI time-domain measurement resources are configured by a bitmap within the SMTC window duration. Therefore, there could be a potential confusion on which SMTC periodicity and window duration is used for RSSI measurement of a target cell during intra-frequency measurements.
 
Continue further discussion:
· Clarify that the configured RSSI time-domain measurement resource of target cell is based on the associated STMC window configuration for intra-frequency measurement



2.5 C-DRX and CSI-RS for L3 mobility [3][5][8][9][11][12] 
In RAN1 #90, two issues, whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation and whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time, were left FFS. In RAN1 #91, two alternative were identified. However, there were questions on the exact specification impact for different alternatives.

Continue further discussion on whether to support Alt 1 or Alt 2 and its related specification impact:
· 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.
· Supported by Vivo, LGE
· 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.
· Supported by ZTE, Sanechip, NTT Docomo, Nokia, NSB

Additionally continue discussion on following proposals:
· CSI-RS resource configuration is under network control and can be configured independently of C-DRX. (Nokia)
· 


2.6 RSSI measurement BW [3][8][11][12] 
Additional support of RSSI measurement bandwidth larger than RSRP measurement bandwidth was left FFS. In RAN 1 #91, the following were agreed.
	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 



However, some concerns on RSSSI measurement accuracy due to limited measurement bandwidth was raised.

Continue further discussion:
· If RSSI measurement bandwidth can be differently configured from the RSRP measurement bandwidth, some scheme should be considered to keep fairness, e.g. design multiple thresholds for different bandwidths or bandwidth ranges or enforce narrowband UE to perform multiple measurement on different frequency range. (ZTE)
· The bandwidth for RSSI measurement is configured with the bandwidth of active BWP if the bandwidth of active BWP does not exceeds the system bandwidth of neighbour cells in case of intra-frequency measurement. Otherwise, the bandwidth for RSSI measurement should be same with the bandwidth of RSRP measurement. (LGE)
· Different measurement BW for SS-RSSI than for SS-RSRP is supported. It is up to UE implementation to measure SS-RSSI in wider BW than the SSB BW confined within a carrier BW. (NTT Docomo)
· SS Block RSSI measurement bandwidth is the CORESET bandwidth configured by PBCH at least for the intra-frequency RSSI measurement. For inter-frequency/RAT measurements UE could use the smallest RMSI CORESET BW e.g. 24 PRB (Nokia)



2.7 Detection of CSI-RS for L3 mobility [4][11]
The reception timing of CSI-RS depends on detection of SSB from the same cell. UE’s ability to measure CSI-RS for L3 mobility will be determined by whether SSB from the cell can be detected. In case the network is synchronized, UE may be able to perform measurement with the assumption that all the CSI-RS timing (i.e. reference OFDM symbol, slot, and frame boundaries of CSI-RS) is aligned.

Continue discussion on the following proposals:
· UE is not required to measure the CSI-RS resources if its cell ID is not detected. (Mediatek)
· For inter-frequency measurement, associated SSB must be configured for CSI-RS resources. (Mediatek)
· If CSI-RS resource is not configured with one associated SSB, UE should perform RRM measurement on CSI-RS with and without the detection of cell ID. (NTT Docomo)


2.8 Slot offset determination for RRM measurements [4][7]
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 SFN 0. However, this information would be based on SSB of the target cell. If CSI-RS reception timing (symbol, slot, frame boundary) is different due to propagation delay, this would cause issue for RRM measurements.

Continue discussion on the following proposal:
· 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. (Mediatek)
· For timing reference of CSI-RS based RRM measurements: (Intel)
· If associated SSB is configured for CSI-RS for RRM, UE shall assume that OFDM symbol and slot boundary derived from associated SSB and actually received timing (i.e. OFDM symbol and slot boundary) of CSI-RS is within X ns of a given SCS.
· X should be the somewhat equal to base station timing alignment error (TAE) for TX diversity, MIMO transmission, carrier aggregation, and their combinations.
· If associated SSB is NOT configured for CSI-RS for RRM, UE shall assume that OFDM symbol and slot boundary derived from any SSB from the measurement target cell and actually received timing (i.e. OFDM symbol and slot boundary) of CSI-RS of the measurement target cell is within Y ns of a given SCS.
· Y should be the somewhat equal to base station timing alignment error (TAE) for TX diversity, MIMO transmission, carrier aggregation, and their combinations.
· It is up to RAN4 to specify X and Y.



2.9 CSI-RS for L3 mobility collision with SSB [4] 
According to current RRC configuration of CSI-RS, it is not clear whether CSI-RS could be punctured by SSB, as illustrated in Figure 1 from [4]
[image: ]
Figure 1. copied from [4]
Continue discussion on the following proposal:
· CSI-RS for L3 mobility should not be configured such that it will be punctured by SS/PBCH block. (Mediatek)


2.10 Measurement bandwidth of CSI-RS for L3 mobility [4][7] 
For intra-frequency measurements, UEs are not expected to make RRM measurements outside the configured active DL BWP. However for inter-frequency measurements, active DL BWP concept could no long apply. Given that bandwidth of CSI-RS for L3 mobility is considered per cell, further discussion on UE’s measurement bandwidth when CSI-RS for L3 mobility has different bandwidths configured in the same frequency layer is needed.
Continue discussion on the following proposal:
· UE is not required to measure the CSI-RS resources with BW wider than UE max. DL BW. (Mediatek)
· 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. (Mediatek)
· 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. (Mediatek)
· Accuracy requirements for CSI-RS RRM measurements are always based on the minimum between the CSI-RS bandwidth and active BWP (Intel)

2.11 L1 SS-RSRP measurement definition [5][12]
Given that L1 SS-RSRP is used in physical layer purposes for beam management, mixing the RRM measurement definitions needed for higher layers and L1-RSRP may not be appropriate. 

Continue discussion on the following proposal:
· Confirm the understanding that SI-RS is not used for SS-RSRP determination. The CSI-RS should be removed from the SS-RSRP RRM measurement in 38.215. (Vivo)
· Consider defining L1-RSRP and L3 SS-RSRP separately in 38.215. (Nokia)



2.12 Rate-matching behavior around SSB when RRM measurements are configured without measurement gap [5][9][11]
When specific Rx beamforming is applied during measurement of SSB, UE may not be able to receive data mapped in the same OFDM symbol as SSB. The proposals were made to either additionally define or clarify UE behaviors regarding rate-matching behavior around SSBs.

Continue discussion on the following proposal:
· In the case of intra-frequency measurement without gap, the UE assumes rate matching around the SSB OFDM symbols if analogue Rx beamforming applied, otherwise, around the SSB bandwidth. (vivo)
· The SSB rate matching configuration is applicable in SSB sets not belonging to the SMTC window durations. The SSB rate matching configuration may be overridden in the SMTC window durations, if UE is allowed to receive PDSCH in the SMTC window durations (i.e., if intra-frequency measurement gap is not configured). (Samsung)
· When UE performs intra-frequency measurement outside measurement gap, (NTT Docomo)
· For sub 6GHz, 
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in asynchronous NW, UE is not expected to receive PDCCH/PDSCH within SMTC window.
· If UE is not capable of simultaneous reception of different numerologies while SSB SCS is different from data SCS in synchronous NW, UE shall assume the rate matching is performed around the SSB symbols to be measured for serving/neighbor cells.
· If UE is capable of simultaneous reception of different numerologies or SSB SCS and data SCS are the same, UE shall assume the rate matching is performed around the REs reserved by SSBs of serving cell.
· For above 6GHz, UE shall assume the rate matching is performed around SSB symbols to be measured for serving/neighbor cells.
· In case of intra-band DL CA with sharing the same analogue Rx beamforming, UE shall assume the rate matching is also performed around SSB symbols to be measured for serving/neighbor cells on other aggregated CCs.


2.13 Corrections to CSI-RS configuration signalling for RRM [7][9]
There are discrepancy between agreements made in RAN1 #91 and LS sent to RAN2 [15] regarding RRC parameters related to CSI-RS configuration for L3 mobility. Additionally, the range values of Common-PRB-Grid-offset parameter and description do not match well.
Correct the following mistake in LS to RAN2 and re-send LS:
	Measurement-BW
	Mesurement BW for CSI-RS
	　
	　
	UE specific
	38.331
	To be included in CSI-RS-Config-Mobility. Contains: CSI-RS-measurementBW-size and CSI-RS-measurement-BW-start. Configured per carriercell.

	Common-PRB-Grid-ofset
	Information to define common PRB grid for CSI-RS sequence generation 
	[0,1,2, …,276*4]
	NA
	UE specific
	38.331
	Contained in CSI-RS-Config-Mobility. Information to define common PRB grid for CSI-RS sequence generation. Configured per carriercell. 
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
– the reference location is the lowest PRB of the cell-defining SSB




Continue discussion on the following proposal:
· Adopt the following corrections to the Common-PRB-Grid-offset parameter description and down-select on the value range of common-prb-grid-offset depending on the correct intent.

	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]
{0, 1, …, 12*4*274} 

	A common value is assigned across all the resources configured for per cell





2.14 CSI-RS configuration periodicity [6]
CSI-RS for L3 mobility supports periodicity up to 160 msec. Long periodicity configuration may impact accuracy of measurements. As a comparison, CSI-RS for RLM supports periodicity up to 40 msec.
Continue discussion on the following proposal:
· CSI-RS for RRM measurement may reuse the CSI-RS-timeConfig developed for RLM.


2.15 Measurement OFDM symbol configuration for SS-RSSI [7][8][11][12] 
The exact values for the end symbol from the OFDM symbol level configuration for the configured slots have not been defined.

Continue discussion on the following proposal:
· For SS-RSSI, the resource configuration in symbol level within the configured slots is explicitly configured with 2 bits, and the 4 patterns correspond to 1 to X symbols within the indicated slots.
· X = 2, [4], [9], 12 (Supported by LGE)
· X = 2, 6, 8, 14 (Supported by Intel)
· X = 2, 4, 8, 12 (Supported by NTT Docomo)
· X = 2, 12, M, reserved (Supported by Nokia)
· if SS block SCS = 15KHz, M = 7 [or 5]
· if SS block SCS = 30 KHz, M = 7 – 2 * (SlotIndex modulo 2)
· if SS block SCS = 120 KHz, M = 7 – 2 * (SlotIndex modulo 2)
· if SS block SCS = 240 KHz, M = 15 – 4 * (SlotIndex modulo 2)


2.16 Applicability of SSB indication for RSRP and RSSI measurement [10]
In RAN #90bis meeting, RAN1 has agreed to support indication of SSB for measurement within the SMTC measurement duration. However, it was not clear if RSSI measurements are also restricted by the higher layer configurations.

Continue discussion on the following proposal:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration for RSRP measurement. The SS block indication does not apply to RSSI measurement.

2.17 RRM measurement based on multiple SSB [11]
At the last RAN1 meeting, RAN1 agreed to conclude that multiple SSB based RRM measurement for a WB carrier is not supported in Rel-15. In addition, it was agreed to support no QCL indication for multiple SSBs in WB carrier for mobility purpose. The statement is ambiguous from the aspect of UE behavior.

Suggested Agreement:
· UE shall not assume that SSBs with same block index on different frequency locations are quasi-colocated.
· Corresponding texts in section 7.4.3.1 of TS 38.211 should be revised as below.

	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, and spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions including SS/PBCH block transmissions even with the same block index on the different center frequency locations.




2.18 N1/N2 parameter of CSI-RS for L3 mobility [12][14]
In RAN1 #91, the following was agreed.
	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



Value of N2 was not finalized in RAN1. In addition, there was a concerns of the agreed value of N1 and its operation restrictions from the system perspective.

Continue discussion on the following proposal:
· Value for N1 is revisited so that in total (N1=) 164 associated CSI-RS resources could be configured. (Nokia)
· The maximum number of CSI-RS resources when CSI-RS are not associated to SS block is N2=64 (Nokia)
· Revise agreement to support N1 = 96 CSI-RS resources per associated SSB (Ericsson)
· N2 = 96 CSI-RS resources can be configured per frequency layer (Ericsson)
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