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Introduction
In RAN1#87 meeting, the reference signals for inter-cell RRM measurements for CONNECTED and IDLE has been discussed and agreed in [1]:

	Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:
· Option 1: Same RS
· Option 1-1: NR-SSS and/or NR-PSS
· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)
· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)
· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)
· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH
· Option 2: Not same RS
· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED
· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED
· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED
· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}
· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:
· Cell coverage in CONNECTED and IDLE
· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)
· Accuracy of the RS measurement quantity
· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:
· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 
Agreements:
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication
· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modesz
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth



In this contribution, we investigate RRM measurement based on synchronization signals (NR-SSS, NR-PSS) and MRS from aspects of measurement accuracy and the capability to identify the measured object.
We also propose an MRS design for DL RRM measurement. The proposed MRS is broadcasted and multiplexed in an SS block, and it can be used for RRM measurement in both IDLE and CONNECTED modes. Additional MRS outside SS blocks can be configured for UEs in CONNECTED mode if a more stringent requirement than in IDLE mode is needed. 
In additional, the proposed MRS design is a common/shared RS design. Besides RRM measurement, it can be used for NR- PBCH demodulation, time/frequency synchronization tracking, channel property estimation (e.g. Doppler spread, channel delay spread), etc. 
Discussion
Design Guidelines for RRM RS
In IDLE mode, cell selection/reselection is based on the RRM measurement. In CONNECTED mode, UE reports measurement results for potential handover or beam switching if measurement reporting events are triggered based on the RRM measurement. Hence, the measurement accuracy and the capability to identify the measured object should be considered for the design of RRM RS. 

Measurement accuracy 
In LTE, the RSRP measurement accuracy can be achieved by having 240 CRS REs in 200 ms, where there are 5 measured instances within the 200 ms period, and the time-frequency resource for each measured instance is 6 PRB pairs with 8 CRS REs per PRB pair. Accordingly, an RRM RS design based on the RS density described above could be enough to provide accurate measurement results. 
In addition, the interference coming from the RRM RS of neighboring cells would also affect the measurement accuracy. Therefore, frequency shifts of the RS symbols among neighboring cells used in LTE CRS can be considered in NR RRM RS to have an improved measurement quality.
Observation 1: For measurement accuracy, the RS density of 48 REs per 40 ms could be enough to provide accurate measurement results. 
Observation 2: Frequency shifts on the RS symbols among neighboring cells can be considered in RRM RS to improve measurement quality.

Capability to identify measured objects  
A UE can receive multiple RRM RS from multiple cells. The UE should be able to distinguish from which cell a received RRM RS is transmitted. Otherwise, measurement results cannot be linked to cells.
For example, a UE detects cell ID by synchronization signals, and it descrambles the RRM RS by a sequence generated based on the cell ID. Thus, the UE performs RRM measurement for a cell with the knowledge of the ID of that cell, so the UE can identify the quality of the corresponding cell.
In addition, if the RRM RS is also used for beam management, e.g., reporting to the network to select one of beams, the UE should be able to identify the RRM RS associated with each beam. Similarly, if the RRM RSs from different TRPs can be distinguished, UE can do beam selection among TRPs.
Observation 3: The capability of measured objects identification needs to be considered in RRM RS design.

Considerations on Synchronization Signals Based RRM Measurement 
The intercell interference, which would degrade measurement accuracy, would be one of concerns on synchronization signals based RRM measurements. In addition, if NR-SSS is used for RRM measurements, the adequate number of NR-SSS sequences to identify measured objects should be considered.

Intercell interference on synchronization signals based RRM measurements
The interference coming from neighboring cells’ NR-SSS/NR-PSS would affect the measurement accuracy. In LTE, CRS are shifted in frequency domain among neighboring cells to avoid intercell interference. However, if the synchronization signals of neighboring cells are located in the same frequency, the intercell interference cannot be avoided, and thus the measurement accuracy of synchronization signals based RRM would be degraded.
Observation 4: For synchronization signals based RRM measurement, measurement accuracy should be evaluated with presence of intercell interference.  

The number of NR-SSS sequences to identify measured objects
The number of NR-SSS sequences should be adequate to identify measured objects. Otherwise, if NR-SSS sequences collide among neighboring cells, UE cannot distinguish from which cell a received NR-SSS is transmitted, and the measurement accuracy is degraded. The NR-PSS/NR-SSS should be able to identify at least a half thousand cells, comparing 504 PCIs are provided in legacy LTE.
In addition, it is beneficial for beam management if a UE can distinguish from which beam a received RRM RS is transmitted. A UE could distinguish beams by a certain time-relation between beams, e.g. beams are swept in a particular order, and the UE performs RRM measurement in the same order to distinguish beams. However, if the UE receives multiple beams from multiple TRPs, it is challenging to distinguish beams of each TRPs by this time-relation. As a result, it requires more NR-SSS sequences to distinguish beams, e.g. considering 8 beams per cell, thousands of NR-SSS sequences would be required to distinguish from which beam a received NR-SSS is transmitted. 
Furthermore, it is also beneficial for beam management if a UE can distinguish from which TRP a received RRM RS is transmitted, and thus UE can select one of TRPs and report its measurement result. In this case, more NR-SSS sequences are required to identify RRM measurement form which TRP.
Observation 5: The number of NR-SSS sequences should be able to identify at least a half thousand cells. In addition, to distinguish from which beam or which TRP a received NR-SSS is transmitted, more NR-SSS sequences are required.

MRS Based RRM Measurement 
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Figure 1. Illustration of MRS design for Sub6 GHz
In this section, we provide an MRS design for Sub6 shown in Figure 1.  The pink rectangle presents an SS block in which MRS burst, NR-PSS, NR-SSS, and NR-MIB are multiplexed. An MRS burst may be multiplexed in an SS block or in a DL data region. In Figure 1, SS blocks and MRS bursts appear once 40 ms and 20 ms, respectively. At the bottom of the figure, the REs highlighted in green color represent the positions of MRS. Details about how MRS is utilized for RRM measurement of IDLE and CONNECTED and the functions of the MRS are summarized below. 
· MRS are used for DL RRM measurements in both IDLE and CONNECTED modes
· Idle-mode UEs utilize the MRS burst within SS block for DL RRM measurements and PBCH demodulation
· Connected-mode UEs utilize the MRS burst within SS block for PBCH demodulation
· Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for DL RRM measurements
· Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for time/frequency synchronization tracking and channel property estimation (e.g. Doppler spread, delay spread)
The MRS can be scrambled with a sequence generated from the cell/TRP ID and beam index to link the measurement results to the measured object. 
The MRS burst multiplexed within an SS block has the same bandwidth as the SS block. The bandwidth of MRS bursts multiplexed within DL data regions can be configurable. The network may configure based on the need. 
The parameters of MRS bursts can be adapted to the deployment environments. For low-mobility deployments, the periodicity of the MRS burst can be as long as 40ms. For high-mobility deployments, the shorter periodicity of MRS burst can be configured in CONNECTED mode, e.g. 10ms, 20ms, which can be signaled in system information or RRC-layer configuration. In additional, the length of an MRS burst is also configurable, e.g. 1ms, 2ms. By receiving multiple MRS symbols in one slot, the allowable frequency offset/Doppler spread could be higher. 

Proposal 1: MRS is used for DL RRM measurements in both IDLE and CONNECTED modes.
Proposal 2: Idle-mode UEs utilize the MRS burst within SS block for DL RRM measurements and PBCH demodulation.
Proposal 3: Connected-mode UEs utilize the MRS burst within SS block for PBCH demodulation.
Proposal 4: Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for DL RRM measurements.
Proposal 5: Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for time/frequency synchronization tracking and channel property estimation (e.g. Doppler spread, delay spread).

Evaluation Results of MRS Based RRM Measurement 
The evaluation results of measurement accuracy with 15 kHz subcarrier spacing are shown in this section. It is assumed that: 
· Measurement time length is 1 ms or 0.5 ms for each measurement instance
· Measurement period = 200 ms, i.e. 5 measurements with periodicity of 40 ms. 
· The reported measurement result after layer 1 filtering is an average value of the measurements over the measurement period. 
· Carrier frequency = 4 GHz. 
In this contribution, we compare following schemes of MRS as shown in Figure 2: 
· Scheme A1: Measurement bandwidth of 6 PRBs, 4 symbols with MRS
· Scheme A2: Measurement bandwidth of 6 PRBs, 2 symbols with MRS
· Scheme B1: Measurement bandwidth of 24 PRBs, 4 symbols with MRS
· Scheme B2: Measurement bandwidth of 24 PRBs, 2 symbols with MRS
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Figure 2. Examples of MRS Scheme

While RSRP accuracy should be +/- 4.5dB in [2], and if we take 2.5dB RF margin into account, the required RSRP accuracy should be +/- 2dB. The RSRP accuracy of MRS schemes at subcarrier spacing of 15 kHz is shown in Figure 3.
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Figure 3. The RSRP accuracy of MRS schemes at subcarrier spacing of 15 kHz

Observation 6: With 15 kHz subcarrier spacing, the RSRP measurement on MRS over 24 PRBs can meet LTE RSRP measurement requirement even though the time length of each measurement is 0.5 ms.

Similar, the RSRP accuracy of MRS schemes with subcarrier spacing of 60 kHz is shown in Figure 4.
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Figure 4. The RSRP accuracy of MRS schemes at subcarrier spacing of 60 kHz
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Observation 7: With 60 kHz subcarrier spacing, the RSRP measurement on MRS over 24 PRBs can meet LTE RSRP measurement requirement even though the time length of each measurement is 0.125 ms.
Proposal 6: RRM measurement over narrowband MRS should be considered in NR.
Conclusion
In this contribution, we investigate RRM measurement based on synchronization signals (NR-SSS, NR-PSS) and MRS from aspects of measurement accuracy and the capability to identity the measured object. Observations and proposals are summarized as follows.
Observation 1: For measurement accuracy, the RS density of 48 REs per 40 ms could be enough to provide accurate measurement results. 
Observation 2: Frequency shifts on the RS symbols among neighboring cells can be considered in RRM RS to improve measurement quality.
Observation 3: The capability of measured objects identification needs to be considered in RRM RS design.
Observation 4: For synchronization signals based RRM measurement, measurement accuracy should be evaluated with presence of intercell interference.  
Observation 5: The number of NR-SSS sequences should be able to identify at least 500 cells. In addition, to distinguish from which beam or which TRP a received NR-SSS is transmitted, more NR-SSS sequences are required.
Proposal 1: MRS is used for DL RRM measurements in both IDLE and CONNECTED modes.
Proposal 2: Idle-mode UEs utilize the MRS burst within SS block for DL RRM measurements and PBCH demodulation.
Proposal 3: Connected-mode UEs utilize the MRS burst within SS block for PBCH demodulation.
Proposal 4: Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for DL RRM measurements.
Proposal 5: Connected-mode UEs may utilize the MRS burst within SS block and additional MRS burst outside SS block for time/frequency synchronization tracking and channel property estimation (e.g. Doppler spread, delay spread).
Observation 6: With 15 kHz subcarrier spacing, the RSRP measurement on MRS over 24 PRBs can meet LTE RSRP measurement requirement even though the time length of each measurement is 0.5 ms.
Observation 7: With 60 kHz subcarrier spacing, the RSRP measurement on MRS over 24 PRBs can meet LTE RSRP measurement requirement even though the time length of each measurement is 0.125 ms.
Proposal 6: RRM measurement over narrowband MRS should be considered in NR.
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Appendix: Link-level evaluation assumptions
	Carrier Frequency 
	4 GHz 

	Channel Model 
	For 15kHz subcarrier spacing: TDL-C with scaling 100 ns, AWGN; For 60kHz subcarrier spacing: TDL-C with scaling 25 ns, AWGN

	Subcarrier Spacing(s) 
	15kHz / 60 kHz 

	SNR range 
	-6dB 

	Antenna Configuration at the TRP 
	(1,1,2) with omni-directional antenna element 

	Antenna Configuration at the UE 
	(1,1,2) with omni-directional antenna element 

	Antenna port virtualization 
	N/A

	Frequency Offset 
	· Non-initial acquisition 
· TRP: uniform distribution +/- 0.05 ppm 
· UE: uniform distribution +/- 0.1 ppm

	Number of interfering TRPs 
	0 TRP 


	Number of interfering UEs 
	N/A
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