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Introduction
In RAN1#87, the followings are agreed on the mobility related issues. 
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 

This contribution discusses mobility, based on the agreements in the previous meetings in RAN1 and RAN2. 
Design Principles for Mobility RS 
One benefit of Option 1 is that when UE’s state transit from IDLE to CONNECTED, the UE can use the selected cell during the IDLE state as a cell to connect. If Option 2 is used, on the contrary, the best cell in IDLE and in CONNECTED may not be the same, which may require UE to apply an immediate handover for the best data connection. Considering this, it is proposed to agree on Option 1. 
Proposal 1. A common RS is used for IDLE and CONNECTED.

The measurements on mobility RS should be able to be conducted with little or no configurations, to minimize complexity involved with neighbour cell measurements. If each cell is able to autonomously configure the mobility RS with full flexibility, the related information needs to be conveyed to the neighbour cell’s serving UEs, which will involve inter-cell signalling exchange over X2, and frequent RRC reconfigurations for neighbour cell measurements. This should be avoided. 
Our preference is that time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all. Another possibility is to allow for limited configurations for mobility RS transmissions, e.g., number of beams is configured in system information delivery channel (before RACH) such as NR-PBCH or similar. This possibility allows some more flexibility to the network implementation, but less preferred owing to the UE complexity; as in this case the UE is able to measure neighbour cells’ RSRP/RSRP only after decoding NR-PBCH. 
On the other hand, for the purpose of network energy saving, possibility of configuring different periods for IDLE and CONNECTED RS are being considered in RAN1. In one example, for supporting IDLE mobility, mobility RS, PSS/SSS, PBCH are transmitted with a constant (typically long) period; and for supporting CONNECTED mobility, mobility RS may be transmitted/configured with a faster duty cycle. When different mobility RS are used for IDLE and CONNECTED, the ping-pong issue may occur during the state transition and it is not desired as discussed earlier. When same mobility RS are used for IDLE and CONNECTED but with different periods, the different periodicities may still result in different RSRP quantities.  
It is also being discussed to assign a long periodicity for IDLE mobility RS. This approach, however, may result in large UE energy consumption when UE wakes up from IDLE for receiving paging and when UE turns on power and perform initial cell search. For example, when IDLE mobility RS period is configured to 100msec and the network is non-synchronized, the UE has to try to find IDLE RS across at least 100msec. This measurement window is much larger than currently allowed implementations in LTE, and this should be avoided. Our preference is to keep 5msec period for IDLE mobility RS, for UE energy saving. When the period of IDLE mobility RS is 5msec, it does not sound like a good idea to further reduce the period of CONNECTED mobility RS, and hence. Hence, it is proposed to use the common RS and common period for mobility RS used for IDLE and CONNECTED mode support.
Proposal 2. 
· Time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all.
· 5 msec period is used for mobility RS, which will be used for both IDLE and CONNECTED mobility
Multi-beam Mobility involving Beam Sweeping (for >6GHz)
For supporting faster beam sweeping operation, the network should be allowed to use multiple antenna ports (digital chains) to transmit the mobility RS on multiple beams on each OFDM symbol. Similarly to legacy CSI-RS, when multiple antenna ports are FDM’ed, natural power boosting can be used to transmit the mobility RS with full power. For example, when 8 antenna ports are used per OFDM symbol for sweeping through 64 beams, 8 OFDM symbols need to be used for transmitting the beam-specific mobility RS – on the contrary, if 2 antenna ports are used for the same number of sweeping beams, 32 OFDM symbols need to be used. Given that the OFDM symbols on which mobility RS are used may not be desirable for data transmissions, it is evident that use of multiple antenna ports provide system overhead saving. 
The number of digitally controllable TXRUs (or digital chains) and the number of beams that need to be supported for the mobility measurements are implementation specific and scenario dependent. This brings us difficulty to design the mobility RS that requires little/no configurations. In one case, an NR cell comprises multiple TRPs, and the multiple antenna ports for the mobility RS mapping may come from different TRPs; in this case a large number of beams need to be supported for the mobility measurements. In another case, an NR cell comprises a single TRP, in which case a number of beams need to be supported may be small. 
Given these various cases/scenarios, one possibility is to design the mobility RS parameters to be able to cope with a challenging case/scenario, in which a large number of beams need to be supported within a mobility RS burst. It could be of a consideration that multi-beam SFN can also be used in some extreme cases in which a cell has a large number of beams that cannot be one-to-one mapped to “beam resources” of mobility RS, where “beam resource” refers to a mobility RS antenna port on a given SS block. It could also be a consideration that it is ok to under-utilize beam resources in case a cell has a small number of beams (i.e., zero powers are allocated to some beam resources); in this case UE can derive cell-level RSRP based on measurements on beam resources on which the measurement quantities are greater than a certain threshold. For facilitating beam-level mobility, the “beam resource” needs to be associated with beam IDs. One-to-one mapping between beam resources and beam IDs seems to be reasonable. 
Among those 5 options under Option 1, our preference is Option 1-1 (MRS-1). Number of beams and ports required for PBCH demodulation RS are likely to be small, and it does not seem to be suitable to convey a large number of beam IDs. Use of UE-specific RS as mobility RS is highly questionable as it requires heavy inter-cell signalling on X2 and RRC configurations. On the other hand, it can be argued that the same mapping pattern framework and the same RS sequences can be used for CSI-RS and mobility RS, and in such a case the mobility RS may be able to be called CSI-RS. However if the mobility RS can only be used for mobility measurement, it is not clear whether this mobility RS needs to be called CSI-RS. Finally, the main limitation of NR-SSS is that as it is used for conveying at least a part of physical cell ID, it involves blind decoding over multiple “sequences,” which creates difficulty to map multi-beam NR-SSS on multiple antenna ports. 
Table 1 summarizes our comparisons between MRS-1 and NR-SSS when one is adopted over the other for IDLE mode mobility RS.  
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. 



The evaluation results in Figure 1 are obtained for dense urban 30GHz macro cells. 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}
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.
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Figure 1. SINR and coupling loss comparison between BRS and NR-SSS

Finally, for handover operation, the less information UE provides to the target eNB at handover, the more likely/longer there will be a rate-drop for this UE immediately after handover. This is because it will take time for UE to find the optimal beam pairs for this UE in the target eNB. So providing the beam ID(s) will to some extent help the target eNB to faster beam selection/association at least in the initial beam management process after the handover. 

Considering discussions in this section, the following is proposed.
Proposal 4. For multi-beam sweeping operation (for over6GHz)
· Adopt MRS-1 (Option 1-1) as mobility RS.
· Mobility RS are transmitted on NP = [8] antenna ports on each SS block within a burst set.
· Nsymb,MRS·NP beam IDs are assigned to the mobility RS in a burst set, utilizing an SS block index and an antenna port number.
· Support UE reporting on beam IDs and corresponding RSRPs of neighbour cells.
Single-beam Mobility (for <6GHz)
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. 
Proposal 5. For single-beam operation (for sub6GHz), adopt NR-SSS as mobility RS.
Conclusion
This contribution has reviewed mobility related issues for NR and made the following proposals.
Proposals:
· A common RS is used for IDLE and CONNECTED.
· Time-frequency location, RS sequence and number of antenna ports for mobility RS are determined purely relying on cell IDs and subframe/slot timing, which involves no signalling at all.
· 5 msec period is used for mobility RS, which will be used for both IDLE and CONNECTED mobility
· For multi-beam sweeping operation (for over6GHz)
· Adopt MRS-1 (Option 1-1) as mobility RS.
· Mobility RS are transmitted on NP = [8] antenna ports on each OFDM symbol within a burst set.
· Nsymb,MRS·NP beam IDs are assigned to the mobility RS in a burst set, utilizing an OFDM symbol index and an antenna port number.
· Support UE reporting on beam IDs and corresponding RSRPs of neighbour cells.
· For single-beam operation (for sub6GHz), adopt NR-SSS as mobility RS.
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