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1 Introduction

In RAN1#88 meeting, the following agreements on DL RS used for L3 mobility in IDLE and CONNECTED modes were achieved [1]:
· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 

· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement

· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 

· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead

· Detection of neighbor cell for measurement is based on NR-SS
In this contribution, we discuss the DL L3 mobility procedure and the detailed DL RS design. 
2 Measurement Performance of DL RS for L3 Mobility
2.1 DL RS signal in IDLE mode

It is agreed that NR-SSS is used for DL based RRM measurement for L3 mobility. In this evaluation, we assumed SS occupies 6 RB with subcarrier spacing is 120kHz. The PSS and SSS sequence together form a SS block occupying two OFDM symbols and 14 SS blocks form a SS burst. 
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Fig 1. delta RSRP for SNR>-15 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 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>=-15dB and SNR>=0dB, respectively. We can also observe that SS with 3dB power boost can provide RSRP accuracy within [-4.5, 4.5] dB for 95% samples which satisfies the LTE measurement accuracy requirement [2]. 

Observation 1: NR SS can provide enough RSRP accuracy performance in IDLE mode.
2.2 DL RS 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. 

In this section, we provide the evaluation results on SS+CSI-RS combination 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. 
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Fig 3. delta RSRP for SNR>-15 dB
In the following evaluation, we provided the CDF curves of delta RSRP to show the measurement accuracy of configurable CSI-RS in CONNECTED mode. Figure 3 shows the RSRP accuracy on combination of SS+CSI-RS when SNR>-15dB. Note that the RSRP accuracy results are also calculated from the average of top 3 SS blocks. 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, which improves the cell edge measurement performance in CONNECTED mode.
Observation 2: CSI-RS can be configured at cell edge to provide better measurement accuracy performance than SS in CONNECTED mode.
3 DL RS Property Design and Procedure
3.1 Use Cases for Additional RS 

NR-SSS is aimed to provide sufficient measurement accuracy for L3 mobility at least for IDLE mode. For CONNECTED mode, CSI-RS can be used to provide better measurement performance in the following cases, in addition to idle mode RS:

1) NR-SSS with wide beam may have different cell coverage with additional CSI-RS with narrow beam. Using additional CSI-RS for particular users (e.g. cell-edge user) can provide better coverage performance.

2) Additional CSI-RS can provide better measurement accuracy (e.g. in terms of delta RSRP) than NR-SSS. Additional CSI-RS can be configured to users with poor measurement accuracy to avoid ping-pong effect. 

3) Wide beam for NR-SSS targeting support of high mobility users, and use additional CSI-RS to narrow beam targeting low mobility users with different periodicity.
3.2 Property of CSI-RS

Based on the use cases discussed in section 3.1, the additional CSI-RS is most beneficial for particular user or group of users, e.g. cell-edge users or low-mobility users. It seems natural to configure UE-specific additional RS to particular UEs to save RS overhead, compared with cell-specific additional RS. 
Figure 4 shows the RSRP accuracy comparison of the combination of SS+UE-specific CSI-RS and the cell-specific CSI-RS when SNR>-15dB. For simplicity, we assume that SS is used for RSRP measurement when UE’s SNR> 0dB, and UE-specific CSI-RS is configured for edge UE only when SNR<0dB. It can be observed that SS+ UE-specific CSI-RS can provide similar RSRP accuracy within [-3, 3] dB as cell-specific CSI-RS, which both improve the cell edge measurement performance in CONNECTED mode compared with the SS measurement accuracy. 
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Fig 4. delta RSRP for SNR>-15 dB
Table 1 provides the RS overhead comparison of UE-specific and cell-specific CSI-RS. The total RE in one frame occupied by UE-specific CSI-RS symbol transmitted in best three beams for particular user or group of users is 100*3*10 = 3000, which is 3/14 of cell-specific transmitted in all beams for all users. 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 UE-specific CSI-RS is given by 3000/168000 = 1.785%. Furthermore, CSI-RS is only configured at cell edge to reduce overhead while Cell-specific CSI-RS is transmitted in always-on pattern.

Table 1. RS Overhead comparison of UE-specific and cell-specific CSI-RS
	Property
	RS overhead

	Cell-specific CSI-RS
	8.33%

	UE-specific CSI-RS
	1.785%


Observation 3: Combination of SS and configurable UE-specific CSI-RS can achieve similar measurement accuracy as cell-specific CSI-RS, with significant RS overhead reduction.
To further reduce the configuration overhead, UE-group specific CSI-RS can be used to configure a group of user to perform RRM measurement. Even in high load case, network can configure the UE-group specific CSI-RS to all the users in the cell, which is same as cell-specific CSI-RS.
Proposal 1: UE-specific or UE-group-specific CSI-RS should be supported in NR to provide better measurement performance in CONNECTED mode.
As CSI-RS is also discussed in L1/L2 beam management topic, CSI-RS for L3 mobility can reuse the CSI-RS design in L1/L2 beam management to save RS overhead. If the CSI-RS in L1/L2 beam management cannot satisfy the measurement requirement for L3 mobility, we can consider to use different design for CSI-RS in L3 mobility from CSI-RS in L1/L2 beam management. 

Proposal 2: Reuse the design of CSI-RS in L1/L2 beam management for L3 Mobility as a baseline.
3.3 CSI-RS Configuration 
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.
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: CSI-RS can be configured at cell edge to provide better measurement accuracy performance than SS in CONNECTED mode.
Observation 3: Combination of SS and configurable UE-specific CSI-RS can achieve similar measurement accuracy as cell-specific CSI-RS, with significant RS overhead reduction.
Based on these, we propose the following:
Proposal 1: UE-specific or UE-group-specific CSI-RS should be supported in NR to provide better measurement performance in CONNECTED mode.
Proposal 2: Reuse the design of CSI-RS in L1/L2 beam management for L3 Mobility as a baseline.
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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 

	CSI-RS
	· occupies 100 RB with one subcarriers on each RB.


