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In an LS from RAN2 on NR DL-based mobility and cell definition [1], the following questions are asked to RAN1:
· What are the RAN1 assumptions on whether the signals (e.g. reference and/or synchronisation signals) supporting idle or connected mode operations are transmitted in the same manner or not such as in terms of beamforming configuration (e.g. single beam, multi-beam)?

This contribution discusses issues related to the mobility RS to support idle and connected mode mobility. 
Discussion on Multi-beam Cases
At least the following two alternatives are being considered in NR, for what RS to provide for IDLE and CONNECTED for UE to measure RSRP/RSRQ on multi-beam cases to support higher carrier frequency operations, e.g., 30GHz.
· Alt 1: A common RS and same RSRP/RSRP definitions are used for both IDLE and CONNECTED.
· Both for IDLE and CONNECTED, multi-beam mobility RS (MRS) is used
· Alt 2: Different RS are used for IDLE and CONNECTED. 
· For IDLE, NR-SSS is used
· For CONNECTED, MRS is used, where MRS is separately designed from NR-SSS.

For CONNECTED mode, both alternatives consider MRS, and the RSRP derived from the multi-beam mobility RS can represent beam quality that can be used for control/data transmission/reception in the CONNECTED mode. 
For IDLE mode, on the other hand, Alt 1 proposes to use the MRS while Alt2 to use NR-SSS. Table 1 provides our comparison results between MRS and NR-SSS when they are used for supporting IDLE mode in multi-beam operation. The evaluation results are obtained for dense urban 30GHz macro cells. The simulation parameters that are used for obtaining the evaluation results in this contribution can be found in the Appendix. 

Table 1. Comparison between MRS and NR-SSS when used for IDLE in the multi-beam case
	
	MRS
	NR-SSS
	Note

	Number of beams per OFDM symbol
	NB = NP
	NB = 1 
	As the cell ID needs to be blindly detected in NR-SSS, it is not desirable to use multiple ports/beams for NR-SSS. 
MRS is used after acquiring the cell ID, and the multi-port MRS can be FDM’ed in each OFDM symbol.

	Beam width of individual beams
	Narrow
	Wide
	To provide the same angular coverage with RS on each OFDM symbol with MRS and NR-SSS, the RS beam width of NR-SSS needs to be NP times wider than that of individual BRS port. 

	Coverage 
	Better
	Worse
	The narrow beams used for the MRS brings more antenna gain than the wide beams used for the NR-SSS. This results in better SINR coverage and smaller coupling loss. In the evaluation results shown in Figure 1 below, the SINR and CL are about 5 dB better with BRS at 50% percentile than NR-SSS. 

	Impacts to CONNECTED beam managements
	Connected-mode beam is  available even before RRC connection
	Need additional procedures
	When MRS is used for IDLE mobility as well, UE and gNB can access narrow-beam related information faster than when NR-SSS is used. Access to MRS during initial access can also allow UE/TRP to receive/transmit with high data rate during the initial access.

	Relation to CONNECTED operation
	Same cell association
	Potentially different cell association
	The different beam patterns in BRS and NR-SSS may result in different cell coverage for IDLE and CONNECTED, which should be avoided. According to our evaluation results, about 7% of UEs are associated with different cells when differently beamformed RS are used. 
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Figure 1. SINR and coupling loss comparison between BRS and NR-SSS

Considering these pros and cons, it is preferred to use a common RS for supporting IDLE and CONNECTED.
Discussion on Single-beam Cases
At least the following two alternatives are being considered in NR, for what RS to provide for IDLE and CONNECTED for UE to measure RSRP/RSRQ on multi-beam cases to support low carrier frequency operations, e.g., 4GHz.
· Alt 1: A common RS and same RSRP/RSRP definitions are used for both IDLE and CONNECTED.
· Ex) Both for IDLE and CONNECTED, NR-SSS are used
· Alt 2: Different RS are used for IDLE and CONNECTED. 
· For IDLE, NR-SSS is used
· For CONNECTED, MRS is used, where MRS is separately designed from NR-SSS.

For sub6GHz operation, a single wide beam or multi-TRP SFN beams can typically provide sufficient coverage across the whole macro cell area. In such a case, additional multi-beam RS design does not seem to be necessary and NR-SSS can be sufficient for both IDLE and CONNECTED. 
Conclusion
This contribution has analysed the advantages of using the same mobility RS for IDLE and CONNECTED, and made the following proposal.
Proposal: A common RS is used for IDLE and CONNECTED.
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Appendix. Simulation Assumptions
Most of the simulation parameters are the same as those defined in TR38.802. For beam sweeping evaluations, the following parameters are used:
· Dense urban macro cell at 30GHz 
· UE side antenna gain: omnidirectional
· BS side beamforming angles: {16 beams uniformly sampled at azimuth angle range of [-60,60]} x {4 beams at zenith angle of 82,92,102,112}
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