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1
Introduction
Following agreements were made in RAN1 AH in Spokane related to DL signals for mobility measurements:
Agreements:
· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:

· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or

· Note: How to use DM-RS for RRM measurement is up to UE implementation

· DM-RS for PBCH if DM-RS is supported for PBCH

· Note that down selection will be needed if DM-RS for PBCH is supported

· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:

· FFS: CSI-RS,

· FFS: RS separately designed from CSI-RS

· Note that possibility of multiplexing of wideband RS in SS block is not precluded

Agreement:
· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

· It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode.

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility

Agreement: 
· The additional RS for mobility if defined can be transmitted on multiple beams.
Additionally, in the Reno meeting RAN4 agreed WF [6] in which RAN4 agreed:

Way forward in RAN4#81

· Continue to investigate impact of bandwith on measurements.

· Study the ways in which UEs with different supported BW and numerology can perform cell detection and measurements in NR

· Study cell detection and measurement performance in NR under different UE supported BWs and numerology

· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW

In this contribution look at the initial access procedure and discuss potential DL signals for measurements. Furthermore, we provide link level simulation results on the achievable NR-SSS based RSRP (SS-block-RSRP) accuracy performance. Results are provided for below 6 GHz and 40 GHz cases, and the impact of NR-SSS bandwidth and number of samples on RSRP accuracy is studied. LTE CRS based RSRP accuracy results are also provided for reference.
2
Initial Access Procedure and Signals for Downlink RRM Measurements in NR 

2.1 Initial Access Procedure

To consider potential DL signals for RRM measurements an exemplary initial access procedure is provided here and discussed briefly:
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Figure 1. Exemplary initial access procedure.

1. Initally the UE search and detects NR -Synchronization Signal (NR-SS). Once the UE has detected a cell the cell identity is known (e.g. part of cell idendity NR-PSS+NR-SSS). 
2. Next the UE reads the NR PBCH. This may be assisted by by DM-RS. The NR PBCH-DMRS signals may be determined by the UE based on PCI and can be used to decode cell specific physical broadcast channel (PBCH).  

3. NR PBCH (MIB). From the MIB the UE obtains minimum system information for further cell access and how to decode further information from the cell e.g. SIB. Potentially also the beam configuration (number of ports/beams) for the corresponding SS-block could be provided by MIB.
4. To obtain other system information and to the determine whether access the cell is allowed and how to access the UE reads the SIB. 

5. Periodical beam and cell specific CSI-RS, or ‘Beam CSI-RS’. Based on the beam configuration information in system information UE would be able to determine the operation mode of the cell (single beam/multi beam) in addition to other configuration information such as random access resources. Once the UE has obtained information on cell beam configuration such as number of CSI-RS ports and the discovery signal periodicity it is able detect and measure different beams of a cell without additional configuration such as RRC signaling.

6. RACH. Random access procedure to access the cell on configured resources 

Until step 4 in the figure 1, ideally from UE perspective the reception of NR-SS, NR-PBCH (MIB) and possibly SIB would be beam agnostic; the UE would not need to know the beam configuration (e.g. number of antenna ports, discovery signal periods etc.) before it has needs to access the cell. This approach would allow similar cell search and initial access procedure until UE decides to access the cell.

2.2 DL Signals for Mobility Measurements

The illustrated initial acces procedure Figure 1 was based on following downlink signal options for mobility measurements:

· NR-SS
· PBCH DM-RS

· Periodical Cell and Beam specific CSI-RS (Beam CSI-RS)
In NR there there will be 3 states defoned – Idle mode and Connected mode as in legacy systems and then one additional state – connected in-active. The detailed UE behaviour in each state is still under discussion but one view is that the IDLE mode would be seen as intermediate state when UE has no RRC connection and also during a failure recovery procedure e.g. when reconnecting to network after radio link failure, but otherwise the UE would be in connected mode – either in-active or fully connected.

In the following chapters we discuss the above signals and their potential use in the different RRC states, in Connected and idle/inactive modes. 

2.2.1 NR-SS
From mobility measurements perspective the detection of synchronization signal and a cell identity is needed:

1. When UE performs initial cell selection it searches for the strongest cell to obtain service.
2. In UE based mobility UE performs continuous cell search to ensure up to date measurement enabling mobility according to set rules and requirements. E.g. cell re-selection and handover. 

The UE would need to detect the cell prior to measuring the cell. The cell detection is based on the synchronization signal and it would be beneficial if the synchronization signal could also be used for performing measurements.
This is also now agreed by RAN1 t least for Idle mode:

· RSRP(s) can be measured from the IDLE mode RS. 

· One RSRP value is measured from the IDLE mode RS per SS block.

· FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set

· The measured values are referred to “SS-block-RSRP”

Although all details are not complete.

For connected mode RAN1 decided:

· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1)

· FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS

· FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode

As the synchronization signal level is known once a cell is detected this same signal could then be used directly to rank the cells e.g. for mobility evaluation, assuming power level is known. Additionally the serving cell NR-SS could be used to determine whether UE initiates (neighbouring) cell search and measurements. 
Observation 1: Using NR Synchronization signal for cell measurements could simplify mobility procedures.

2.2.2 NR-PBCH DM-RS 
Alternatively, considering the LTE principle for cell measurements, UE would first detect synchronization signal, determine the cell specific reference signals based on physical cell ID and perform RSRP/RSRQ measurements. 

Similar approach could also be applied for NR cell measurements. UE detects synchronization signal, determines necessary cell identity and derives the cell specific NR-PBCH DM-RS for cell signal level measurements. This leads to further options where the cell measurements could be done from NR-SS only, PBCH DM-RS only or use both: NR-SS + PBCH DM-RS. These options are still under discussion in RAN1.
In LTE the UE need not read any system information from neighbour prior to mobility – whether this idle mode or connected mode. Having similar approach in NR will be very beneficial and save a lot UE effort and power.

So when discussing using the PBCH DM-RS for mobility measurement such measurement should be possibly without reading the actual PBCH from the measured cell.
2.2.3 Beam measurements - CSI-RS 
In NR a cell can be covered by multiple TRPs and each TRP may have one or multiple beams. Once the UE has detected a cell for which the network needs to have beam measurement knowledge UE would need to perform beam measurements. Exactly when such measurements are needed and in which state is still under discussion in RAN1. 

As UE may move from the coverage of a TRP to another in a cell the serving beam may change. I.e. it seems reasonable to assume that beam level measurements are at least needed when network is in control of the mobility or network needs to be aware of which beam is the strongest seen by the UE (or multiple beams). 

To facilitate the intra-cell mobility, beam specific reference signals would need to be transmitted periodically in a cell. As such signals are beam specific by nature the UE will be able to measure the beam RS and detect different beams and feedback this information to network (serving cell).  

It would be preferable if similar measurement procedures would apply for both single beam and multi beam based deployments as this could potentially lead more generic requirements. 

For inter-cell mobility it would be beneficial to avoid obtaining MIB/SIB information from the neighbour cells in order to facilitate mobility. Necessary neighbour cell information needed by yhe UE to perform necessary measurements should be provided by the network.
3 Simulation Results on NR –SSS RSRP Accuracy 
In this section we present simulation results for the achievable RSRP accuracy using NR-SS. We provide simulation results for NR-SSS (Secondary Synchronization Signal) for below 6 GHz and below 40 GHz  center frequency cases with three different bandwidths (NR-SSS sequence lengths). Results are presented as NR-RSRP (referred as RSRP from here on) absolute accuracy, which is obtained as follows:
· RSRP measurement samples (raw channel estimates) are collected per sampling rate instance. All measurement samples are coherently combined at L1 measurement period for calculating the RSRP.
· Delta RSRP is calculated (estimated RSRP – ideal RSRP) and corresponding CDF curve is created

· Delta RSRP values from 5%-percentile and 95%-percentile of the CDF curve are obtained

· RSRP absolute accuracy is calculated then as follows: max(abs(5%-tile), abs(95%-tile))
We use RSRP absolute accuracy of 2 dB as a threshold, similary as stated in [2], the required RSRP accuracy shall be +/- 4.5 dB and we use RF margin of 2.5 dB. Simulation assumptions and NR-SSS structure as well as reference results for LTE CRS based RSRP accuracy are included in the Annex A. L1 measurement period in order of 200 ms is used as baseline to provide easy comparison to LTE results. Different number of samples resulting different measurement periodicity are compared with different bandwidth options. Exact measurement periods and sampling rates used in simulations, corresponding to a specific number of samples, are also presented in Annex A. From RRM measurements point of view, sampling rate can be seen also as a periodicity of NR-SSS transmission. 
3.1 Link level evaluation in AWGN channel
In the Figure 2 we present NR-SSS based RSRP absolute accuracy with 1,3 kHz frequency offset in AWGN channel. Simulation results without frequency offset are not included as it was observed that there was no significant difference in the achieved accuracy.
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Figure 2: NR SSS based RSRP absolute accuracy in AWGN channel.
Looking at results in Figure 2, it can be observed that RSRP absolute accuracy of 2 dB can be achieved in all cases with 5 samples L1 measurement period. With 2 MHz bandwidth the RSRP accuracy can be achieved by having at least 2 samples while with 4 MHz only one sample is required.
3.2 Link level evaluation in CDL-C 100ns channel below 6GHz
In the following Figure 4 we present NR SSS based RSRP absolute accuracy in CDL-C 100ns channel with frequency offset of 1.3 kHz. 
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Figure 3: NR SSS based RSRP absolute accuracy in CDL-C 100ns (30 kmph) channel.
From Figure 3 it can be seen that RSRP absolute accuracy of 2 dB can be achieved in case of NR-SSS bandwidth of 2 MHz when using 5 or 3 as L1 measurement period e.g. less frequent measurement samples. With 4 MHz bandwidth the accuracy can be reached with 2 samples. For 1 MHz the measurement accuracy is reached with 5 samples.
Results indicate that when increasing the NR-SSS bandwidth it requires fewer L1 samples to obtain the required RSRP accuracy. This enables potentially more relaxed measurements for UE in terms of number of necessary measurements in order to achieve the required accuracy to be defined by RAN4. Additionally it also enables better support of large number of beams. In case of large number of beams combined with beam sweeping, the interval at which the NR-SSS can be sent to a given direction needs to be relaxed in order keep the synchronization signal related overhead reasonable.
Observation 2: In below 6 GHz case, NR-SSS based RSRP absolute accuracy of 2 dB can be achieved in CDL-C 100ns (30 kmph) channel using NR-SSS bandwidth of 2 MHz with 5 and 3 samples used as L1 measurement period.
Proposal 1: Consider the use of at least NR-SSS signal for developing IDLE/INACTIVE mode measurement requirements for below 6GHz.
Proposal 2: Consider the use of at least NR-SSS signal for developing CONNECTED mode measurement requirements for below 6GHz.
Proposal 3: Consider the use of NR-SSS signal with at least 2 MHz BW for developing the measurement requirements for below 6GHz.

3.2 Link level evaluation in CDL-E 10ns channel below 40GHz (@30GHz)

Measurement accuracy results for below 40 GHz in CDL-E 10ns channel are presented in the Figure 4. Results follow the similar pattern as the below 6 GHz results: with 4 MHz bandwidth 5 samples are needed, with double bandwidth (8MHz) the accuracy can be achieved with 3 samples while with 16 MHz 2 samples are enough for achieving a RSRP absolute accuracy of 2 dB. 
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Figure 4 NR SSS based RSRP absolute accuracy in CDL-E 10ns (30 kmph) channel.
Observation 3: In below 40 GHz case, NR-SSS based RSRP absolute accuracy of 2 dB can be achieved in CDL-E 10ns (30 kmph) channel using NR-SSS bandwidth of 8 MHz with 5 and 3 samples used as L1 mesurement period.
Proposal 4: Consider the use of at least NR-SSS signal for developing IDLE/INACTIVE mode measurement requirements for below 40 GHz.
Proposal 5: Consider the use of at least NR-SSS signal for developing CONNECTED mode measurement requirements for below 40 GHz.
Proposal 6: Consider the use of at least NR-SSS with at least 8 MHz BW for developing measurement requirements for below 40GHz.
NOTE: the absolute sample periodicity may be different in below 6GHz and below 40 GHz and the used values should not be seen as absolute values.  

3
Conclusions
Following observation were made in this contribution:

Observation 1: Using NR Synchronization signal for cell measurements could simplify mobility procedures.

Observation 2: In below 6 GHz case, NR-SSS based RSRP absolute accuracy of 2 dB can be achieved in CDL-C 100ns (30 kmph) channel using NR-SSS bandwidth of 2 MHz with 5 and 3 samples used as L1 measurement period.
Observation 3: In below 40 GHz case, NR-SSS based RSRP absolute accuracy of 2 dB can be achieved in CDL-E 10ns (30 kmph) channel using NR-SSS bandwidth of 8 MHz with 5 and 3 samples used as L1 mesurement period.
And we propose following:
Proposal 1: Consider the use of at least NR-SSS signal for developing IDLE/INACTIVE mode measurement requirements for below 6GHz.
Proposal 2: Consider the use of at least NR-SSS signal for developing CONNECTED mode measurement requirements for below 6GHz.
Proposal 3: Consider the use of NR-SSS signal with at least 2 MHz BW for developing the measurement requirements for below 6GHz.

Proposal 4: Consider the use of at least NR-SSS signal for developing IDLE/INACTIVE mode measurement requirements for below 40 GHz.
Proposal 5: Consider the use of at least NR-SSS signal for developing CONNECTED mode measurement requirements for below 40 GHz.
Proposal 6: Consider the use of at least NR-SSS with at least 8 MHz BW for developing measurement requirements for below 40GHz.
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Annex
A.1 Simulation Assumptions

In our simulations, NR-SSS is allocated into consecutive subcarriers in 6th OFDM symbol within a subframe with specific periodicity and bandwidth as illustrated in Figure 5.
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Figure 5: Illustration of DL RRM measurement using NR SSS.
In the Table 1 below, measurement periods and sampling rates used in simulations are presented, corresponding to a specific number of samples used at each L1 measurement period.

Table 1: Measurement periods and sampling rates used in simulations.

	Measurement period (ms)
	Sampling rate (ms)
	Number of samples at measurement period

	200
	40
	5

	180
	60
	3

	160
	80
	2

	200
	200
	1


Simulation assumptions are presented in Table 2.

Table 2: Link level evaluation assumptions for below 6GHz/40GHz.

	Carrier Frequency 
	4/30 GHz 

	Channel Model (4GHz)
	CDL-C with scaling 100 ns (UE Speed 30 km/h)

AWGN 

	Channel Model (30 GHz)
	CDL-E with scaling 10 ns (UE Speed 30 km/h)

	Subcarrier Spacing(s) 
	15/60 kHz

	SNR range 
	-6 dB 

	System bandwidth
	5/20 MHz

	NR SSS bandwidth
	1, 2,4 MHz / 4,8,16 MHz (Sequence lengths 63/127/255)

	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 

	Frequency Offset 
	1300/3000 Hz*

	*1300 Hz is standard deviation of the residual frequency offset after NR-PSS/SSS detection based on link level simulations. 3000 Hz for 30GHz.


A.2. Link level evaluation using LTE CRS in CDL-C 100ns channel
In the following Figure 6, we present LTE CRS based RSRP absolute accuracy in CDL-C 100ns (30 kmph) channel. Based on the results we observe that the LTE CRS accuracy is somewhat worse compared to NR-SSS. Absolute accuracy of 2 dB can be achieved with 2 MHz (5 samples) and 4 MHz (5,3,2 samples) bandiwdths.
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Figure 6 : LTE CRS based RSRP absolute accuracy in CDL-C 100ns (30 kmph) channel. SNR -6 dB. Frequency offset of 0.15 ppm @ 4 GHz carrier (600 Hz).
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