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Introduction
In RAN1#87ah-NR, the following agreement on an RS for CONNECTED mode mobility was made:· 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

Due to e.g. energy efficiency considerations, the transmission period of the NR synchronization signal may need to be selected such that it will not fully support active mode mobility requirements. Rather, the transmission period of the RS (MRS) used for CONNECTED mode RRM measurements is selected to fulfill such requirements.
In our accompanying paper [1], we explain some of the requirements that can be placed on this additional RS. On particular issue is how to obtain the level of synchronization required for the active mode mobility (AMM) measurements. This paper discusses options for providing coarse time and frequency synchronization for performing other-cell measurement using the MRS. 

[bookmark: _Ref178064866]Discussion
An SS block contains NR-PSS, NR-SSS and the NR-PBCH. Although the format of the NR-PBCH has not yet been agreed, it is reasonable to assume that the total size of an SS block will be at least 4-6 OFDM symbols. Multiplexing the MRS with an SS block will then lead to quite long signal, causing significant unnecessary overhead. Therefore, this paper will discuss the option where the MRS is not multiplexed with an SS block. 
Need for synchronization
The AMM measurements include measurements on the serving and other potential candidate cells. For serving-cell measurements, the UE has a valid T/F synch alignment form previous MRS or other RS reception. However, for identifying neighbour cells and measuring their quality, the UE needs additional synchronization information to handle deployments with ISDs that exceed the length of the cyclic prefix (CP). 
There are basically two ways to provide the T/F references required to detect the MRS:
1. Rely on the NR-PSS in the neighbor cells for synch
2. Embed the sync in the MRS signal itself. 
Using NR-PSS as synchronization source
In this approach, the static NR-PSS in the relevant cell is used for T/F acquisition for MRS detection and measurement. An approach can be envisioned where the UE detects any PSS it can hear and use the associated T/F settings for attempting MRS detection. Thus, as long as the NR-PSS can be read by the UE, the MRS from the same cell can also be received.
However, the NR-PSS is not in general guaranteed to have the same period as the MRS, and potentially not the same raster alignment. Therefore, the MRS can only be detected after a corresponding NR-PSS is detected. In other words, the UE will first have to find the NR-PSS and then detect the MRS. For NS-PSS periods up to 80 ms considered in 3GPP, this implies a considerable latency for other-cell measurements. This may compromise the HO performance in high-mobility and/or high-band scenarios and lead to increased radio link failure (RLF). In fact, it becomes impossible to benefit from the higher periodicity of the MRS for any type of RRM procedure.   
[bookmark: _Toc469049533][bookmark: _Toc469913727][bookmark: _Toc474159150]If NR-PSS period is longer than the MRS period, it increases the other-cell MRS measurement latency.
In many cases, the other-cell NR-PSS, often transmitted using wide beams, needs to be detected in the presence of the serving-cell signal which may be heavily beamformed. This can potentially create large received power differences for the received signals that may exceed the dynamic rage of the UE receiver. Reception of the NR-PSS is then impossible, and although the neighbour-cell MRS may be beamformed towards the UE, it cannot be detected since the T/F info is missing.  
[bookmark: _Toc469049534][bookmark: _Toc469913728][bookmark: _Toc474159151]If user data is transmitted with a different beam configuration than the NR-PSS may make NR-PSS reception impossible due to dynamic range problems at the UE.
The coverage range of MRS beams may technically be made considerably larger than the coverage area of the idle-mode signals, in particular the NR-PSS. In some deployments, this feature may be attractive for providing narrow-beam coverage to a UE moving in a certain area without requiring frequent handovers. If the NR-PSS cannot be received by the UE, this resource-efficient beam management approach cannot be utilized. 
[bookmark: _Toc469049535][bookmark: _Toc469913729][bookmark: _Toc474159152]Dynamic MRS beam coverage support is not possible if MRS reception relies on NR-PSS.
Providing a self-contained sync field in MRS
An alternative solution is to include a synchronization field in the AMM mobility signal itself, so that is contains an associated sync signal. One solution is proposed in [2], where it is proposed that the MRS is composed by a synch signal and a beam identifier. This design avoids the problems quoted in observations 1-3.
To minimize the UE time-domain search complexity, the synch signal field can be made to consist of a single sequence only used for TF acquisition. 
If the synch signal is allowed to use one of multiple sequences, thereby carrying some (2-3) bits of the beam ID, the identifier that is to be transmitted using sequence modulation, can be shortened significantly. The synch field transmission thus would not duplicate the information present in NR-PSS, but would contribute to conveying the beam ID and allow the beam identifier resource allocation to be reduced. The entire received MRS energy is also available for link quality estimation.
[bookmark: _Toc469049536][bookmark: _Toc469913730][bookmark: _Toc474159153]Partially encoding beam ID in a synchronization field in MRS can help reduce the beam identifier resource requirement.
Considering these trade-offs, we recommend that a MRS design for AMM measurements be adopted that includes a self-contained sync component that partially encodes the beam ID.
[bookmark: _Toc469049538][bookmark: _Toc469913738]MRS design should include a self-contained sync component that partially encodes the beam ID. 

Conclusion
In section 2 we made the following observations:
Observation 1	If NR-PSS period is longer than the MRS period, it increases the other-cell MRS measurement latency.
Observation 2	If user data is transmitted with a different beam configuration than the NR-PSS may make NR-PSS reception impossible due to dynamic range problems at the UE.
Observation 3	Dynamic MRS beam coverage support is not possible if MRS reception relies on NR-PSS.
Observation 4	Partially encoding beam ID in a synchronization field in MRS can help reduce the beam identifier resource requirement.

Based on the discussion in section 2 we propose the following:
Proposal 1	MRS design should include a self-contained sync component that partially encodes the beam ID.
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