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1 Introduction

In RAN1#87 meeting, the following agreements on DL RS design for RRM measurement and mobility were achieved [1]:
Agreements on DL RS combinations for mobility for CONNECTED and IDLE modes:
· 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 on resource configuration for RRM measurement in CONNECTED mode:
· 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 modes

· 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
Agreements on RRM measurement quantity in CONNECTED mode:
· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations
· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 
· FFS : value of N, 
· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration
· Other options are not precluded.
In this contribution, we provided link level evaluation results and analysis for the possible DL signal combinations for RRM measurement and mobility in terms of cell coverage, RS overhead and measurement accuracy. In addition, we also discussed the mechanisms and the benefit of DL and UL signal combinations for RRM measurement and mobility. 
2 DL RS for RRM measurement and Mobility
2.1 Design Principle
For CONNECTED mode, DL RS is used for seamless handover for data transmission, which needs frequent measurement samples to provide more accurate measurement and handover decision. However in IDLE mode, the measurement accuracy of DL RS can be relaxed for cell selection and reselection. As a result, different RS combinations can be used to satisfy the different measurement requirements for CONNECTED and IDLE mode respectively. 
2.2 DL RS for RRM measurement and mobility in IDLE mode
2.2.1 DL RS signal in IDLE mode

For idle UE, as the synchronization signal is the first signal detected by the UE, it could be beneficial for RRM measurement if it could be used to determine cell quality. If the measurement accuracy for IDLE mode can be satisfied, using NR SS e.g. NR-PSS and NR-SSS without introducing any additional RS overhead is a better solution for system design, compared to introducing a new RS.
2.2.2 Evaluation results
In this evaluation, we assumed SS occupies 6 RB with subcarrier spacing is 60kHz. The PSS and SSS sequence together form a SS block occupying two OFDM symbols and 14 SS blocks form a SS burst. We also assumed that an MRS occupies 80MHz bandwidth, which correspond to 100 RB with one subcarrier on each RB while subcarrier spacing is 60kHz. For simplicity of the MRS evaluation, we use MRS-1 which is multiplexed in a SS block and we assume that MRS-1 is set to be within each one of 14 SS blocks. 

Fig 1. delta RSRP for SNR>-18 dB


Fig 2. delta RSRP for SNR>0 dB 
The CDF curves of delta RSRP between measured and ideal RSRP to show the measurement accuracy of SS and MRS in IDLE mode are evaluated. Based on the agreement in [1], the quantity of best or the best received “N” DL signal resource can be used for RRM measurement. To avoid the fluctuation of the measurement quantity, we assume to use the quantity measured from best 3 SS blocks. Figure 1 and 2 show the RSRP accuracy results of average of top 3 SS blocks for SNR>=-18dB and SNR>=0dB, respectively. We can observe that SS with 3dB power boost and MRS can provide similar RSRP accuracy within [-4.5, 4.5] dB for 95% samples which satisfies the LTE measurement accuracy requirement [2]. 

[image: image2.png]Percentage (%)

SS Burst Detection Probability, CDL-C

(Initial Acquisition)
100

9

%

85

80

75

70

&

60

55

50




Fig 3. SS burst detection probability   
Table 1. delta RSRP(dB) for SS and MRS at SNR=-15dB
	CDF
	20%
	30%
	40%
	50%
	60%
	70%
	80%
	90%
	95%

	SS
	4.1013
	4.5403
	4.9793
	5.4183
	5.8573
	6.2963
	6.8451
	7.8329
	8.4914

	SS(power boost 3dB)
	2.4882
	2.8489
	3.3899
	3.5131
	3.7506
	4.2051
	4.6524
	5.3738
	6.0050

	MRS
	2.7903
	3.0251
	3.2600
	3.5535
	3.8471
	4.1407
	4.4342
	4.9040
	5.2562


We also provide the RSRP accuracy for cell edge in idle mode. From the SS detection rate for initial acquisition case shown in Figure 3, we can observe the required SNR is around to be -15dB when SS detection probability is 90%. The delta RSRP of at SNR=-15dB for SS and MRS are provided respectively in Table 1 and we observe that SS with 3dB power boost can achieve similar RSRP accuracy within [-6, 6] dB for 95% samples as MRS at cell edge. For SS without power boost, almost 70% samples at SNR=-15dB can satisfy the RSRP accuracy within [-6, 6] dB. It is unnecessary to introduce MRS with additional RS overhead for RRM measurement in idle mode as the SS can satisfy the measurement accuracy in idle mode. 
Observation 1: NR SS can provide enough RSRP accuracy performance in IDLE mode.
Observation 2: NR SS with 3dB power boost can provide similar RSRP accuracy performance as MRS, without any additional RS overhead.
2.3 DL RS for RRM measurement and mobility in CONNECTED mode
2.3.1 DL RS signal in CONNECTED mode

For CONNECTED UE, synchronization signal can be also used for RRM measurement and mobility. If the measurement accuracy of SS for connected UE in cell edge cannot be satisfied, e.g. SS without power boost, UE-specific CSI-RS can be configured by network to improve RSRP measurement accuracy to facilitate the inter-cell mobility. For example, when UE moves to cell edge area, network can configure UE to measure CSI-RS from different NR cells, and UE will send the measurement report based on CSI-RS measurement to network. Thus the measurement accuracy can be improved to avoid Ping-Pong effect at cell edge. Note that CSI-RS can be configured to be wideband to provide better measurement accuracy. 
2.3.2 Evaluation results
In this section, we provide the evaluation results on SS+CSI-RS combination and MRS for DL RRM measurement, in terms of RSRP accuracy and RS overhead. In this evaluation, we assumed that CSI-RS is transmitted to UE with the best three beams, and CSI-RS occupies 80MHz bandwidth, which correspond to 100 RBs with one subcarriers on each RB. We assume MRS use the same pattern in section 2.2.2 and MRS is always-on in all 14 beams. 
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Fig 4. delta RSRP for SNR=-15dB





Fig 5. delta RSRP for SNR=-10dB
In the following evaluation, we provided the CDF curves of delta RSRP to show the measurement accuracy of configurable CSI-RS and MRS in CONNECTED mode. In Figure 4 and 5, we provide the cell edge RSRP accuracy performance on CSI-RS and MRS at SNR = -15dB and -10dB respectively. Note that the RSRP accuracy results are also calculated from the average of top 3 SS blocks. It can be observed that configurable CSI-RS and MRS show similar delta RSRP performance within the [-5, 5] and [-2.5, 2.5] dB range for 95% samples at SNR = -15 and -10dB. Furthermore, CSI-RS and MRS outperform the delta RSRP curves comparing with SS(without power boost), which improving the RSRP accuracy at cell edge. 

Observation 3: CSI-RS can be configured at cell edge to provide better measurement accuracy performance than SS without power boost in CONNECTED mode.
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Fig 6. delta RSRP for SNR>-15 dB

Figure 6 shows the RSRP accuracy on combination of SS(without power boost)+CSI-RS when SNR>-15dB. For simplicity, we assume that SS is used for RSRP measurement when UE’s SNR> 0dB, and CSI-RS is configured for edge UE only when SNR<0dB. It can be observed that SS+CSI-RS can provide similar RSRP accuracy within [-3, 3] dB as MRS, which improves the cell edge measurement performance in CONNECTED mode.
Regarding the RS overhead as shown in Table 2, the total RE in one frame occupied by CSI-RS symbol transmitted in best three beams is 100*3*10 = 3000, which is 3/14 of MRS transmitted in all beams. Note that there is in total 12*100*14*10 =168000 REs in one frame, the percentage of number of resource element per frame for CSI-RS is given by 3000/168000 = 1.785%. Furthermore, CSI-RS is only configured at cell edge to reduce overhead while MRS is transmitted in always-on pattern.
Table 2. Comparison of RS overhead
	
	RS overhead

	MRS
	8.33%

	CSI-RS
	1.785%


Observation 4: Combination of SS and configurable CSI-RS can achieve similar measurement accuracy as always-on MRS, with significant overhead reduction.
Configurable CSI-RS may introduce additional measurement delay (e.g. several milliseconds) to inter-cell mobility due to the transmission and decoding of configuration signaling between TRP/UE and between NR cells. As the RRM measurement is a long-term behavior and also needs tens to hundreds of milliseconds for L3 averaging/filter, the possible measurement delay caused by configuration of CSI-RS is affordable to RRM measurement for inter-cell mobility. Furthermore, to achieve zero interruption time, CSI-RS can be also configured with an additional timing advance e.g. before UE entering the cell edge area.
3 DL and UL signal combinations for RRM measurement and mobility in CONNECTED mode
UL RS can be used to assist DL RRM measurement in CONNECTED mode as UL measurement can provide better signaling overhead and energy consumption performance[3-7]. In this section, we provide an example to illustrate how to combine DL and UL signals for RRM measurement and mobility. Assuming NR SS is used for RRM measurement and mobility in CONNECTED mode. When network detects that UE moves to NR cell edge based on SS measurement report and the ratio of the number of edge UEs to TRP is small, e.g. in UDN, it can configure UE to send UL SRS and use UL measurement for inter-cell mobility.
In the following simulation, we evaluate measurement accuracy of the combination of SS and SRS. The bandwidth of SRS is set to be 6.4MHz with a repetition factor of 2, which corresponds to 8 RBs while subcarrier spacing equals to 60kHz. SRS occupies every OFDM symbol of the 1st and 2nd subframe in odd frames. We also assume that SS is used for RSRP measurement when UE’s SNR> 0dB, and SRS with 3dB power boost is configured for edge UE only when SNR<0dB. From Figure 7, we can observe that the combination of SS and SRS with 3dB power boost can achieve comparable RSRP accuracy within [-3.5, 3.5]dB for 95% samples as CSI-RS and MRS for SNR> -15dB, which can satisfy the measurement requirement in CONNECTED mode without additional RS overhead. When the ratio of edge UEs to TRP is small, UL measurement with one-step UL SRS transmission can save signaling overhead comparing two-steps DL measurement with DL RS and measurement report signaling[3]. 
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Fig 8. delta RSRP for SNR>-15dB
Observation 5: The combination of SS and UL SRS can also provide comparable measurement accuracy as DL RS, e.g. SS+CSI-RS, or MRS, which can satisfy the measurement requirement in CONNECTED mode.
4 Conclusions
Here, we list again the observations derived from the evaluation results presented above.
Observation 1: NR SS can provide enough RSRP accuracy performance in IDLE mode.
Observation 2: NR SS with 3dB power boost can provide similar RSRP accuracy performance as MRS, without any additional RS overhead. 
Observation 3: CSI-RS can be configured at cell edge to provide better measurement accuracy performance than SS without power boost in CONNECTED mode.
Observation 4: Combination of SS and configurable CSI-RS can achieve similar measurement accuracy as always-on MRS, with significant overhead reduction.
Observation 5: The combination of SS and UL SRS can also provide comparable measurement accuracy as DL RS, e.g. SS+CSI-RS, or MRS, which can satisfy the measurement requirement in CONNECTED mode.
Based on these, we propose the following:
Proposal 1: Different RS combinations can be used for CONNECTED and IDLE mode.
Proposal 2: NR synchronization signal is supported for RRM measurement in IDLE mode.

Proposal 3: The combination on NR synchronization signal and configurable CSI-RS are supported for RRM measurement in CONNECTED mode to improve measurement accuracy for inter-cell mobility.
Proposal 4: NR should support UL RRM measurement based on configurable UL SRS to assist DL RRM measurement in CONNECTED mode to save signaling overhead in UDN scenarios.
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Appendix A
Table 3. Link-level evaluation assumptions
	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C

· with delay scaling values of  30 ns for 30 GHz 

· ASA =15 degree, and ASD = 60 degree for  30 GHz

	FFT size
	128

	Subcarrier Spacing(s)
	60 kHz

	SNR 
	 -18dB

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=650, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=900, directivity 5dB)

	UE speed
	3km/h

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 10 ppm


Appendix B
Table 4. RS Parameter Settings
	SS
	· 14 SS blocks form a SS burst
· occupies 6 RB in BW
· PSS and SSS together form a SS block occupying two OFDM symbols 

	MRS(MRS-1)
	· multiplexed in each one of 14 SS blocks

· occupies 100 RB in BW with one subcarrier on each RB

	CSI-RS
	· the best three SS blocks

· occupies 100 RB with one subcarriers on each RB.

	SRS
	· every OFDM symbol of the 1st and 2nd subframe in odd frames
· occupies 8 RBs with a repetition factor of 2


