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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

Furthermore, there was an agreement on CSI-RS resources:
· At least the following configuration parameters are signaled via RRC at least for CSI acquisition: 
· N, M, and L – indicated either implicitly or explicitly
· In each CSI reporting setting, at least: reported CSI parameter(s), CSI Type (I or II) if reported, codebook configuration including codebook subset restriction, time-domain behavior, frequency granularity for CQI and PMI, measurement restriction configurations
· In each Resource setting: 
· A configuration of S≥1 CSI-RS resource set(s) 
· Note: each set corresponds to different selections from a “pool” of all configured CSI-RS resources to the UE
· A configuration of Ks ≥1 CSI-RS resources for each set s, including at least: mapping to REs, the number of ports, time-domain behavior, etc.

[bookmark: _Ref178064866]In this contribution, we discuss the properties of the additional RS for mobility in the agreement from RAN1#87-adhoc. In particular, we investigate to what extent CSI-RS could be used for that purpose.
Discussion
Basic CSI-RS properties
In the agreement, CSI-RS was mentioned as one candidate for a reference signal used for RRM measurements for CONNECTED mode mobility. Although CSI-RS has not been fully defined for NR, it is still possible to describe the properties of a CSI-RS configuration that may be used as a reference signal for RRM measurements for CONNECTED mode mobility.
As stated in the agreements, the RRM measurements used for CONNECTED mode mobility are used for L3 mobility procedures. These measurements are filtered to obtain an estimate of the average cell/TRP or beam quality. For such filtering to be possible, the measurement signal needs to be present for an extended period of time, and the associated reference signal must be transmitted over the same antenna port. Hence, it is not really possible to use dynamic scheduling of the signal in all cases.
It has been agreed that CSI-RS can be scheduled dynamically, semi-statically or periodic. For dynamic and semi-static scheduling, the TRP indicates to the UE whether or not the CSI-RS will be present in the current slot. However, if the UE should perform averaging of the measurement, it is not possible to use that type of scheduling flexibility. 
[bookmark: _Ref474157298]Neither aperiodic nor semi-persistent CSI-RS configurations are suitable for L3 mobility in CONNECTED mode.
We thus conclude that the periodic CSI-RS configuration is the configuration that may be suitable for the type of measurements that are relevant here.
The agreement on CSI-RS was stated above. Regarding the CSI-RS configuration, we make the following observation for periodic CSI-RS: 
[bookmark: _Ref474157308]For every CSI-RS resource the UE performs measurements on, the UE must be configured with
i. [bookmark: _Ref474157316]periodicity and sub-frame allocation
ii. [bookmark: _Ref474157323]the RE allocation (OFDM symbol and comb)
iii. [bookmark: _Ref474157325]the RS sequence initialization seed
In each beam, a different CSI-RS resource must be used. The UE must then be explicitly configured with each of these resources. If a UE wants to perform RRM measurements on 50 neighbour beams, the UE must be configured with 50 CSI-RS resources. Note that it is not a trivial task to determine the potential neighbours in a real network simply based on geographical location of the gNodeBs. In a multi-TRP cell, it is likely that all beams must use different CSI-RS resources to ensure that all neighbours are identified.
Note that by using different RS sequence initialization seeds, different OFDM symbols can be generated. In theory, these symbols can be transmitted from different beams in the same RE. However, the UE cannot blindly detect what seed was used to generate the OFDM symbol, i.e., the mapping cannot be “inverted”. 
Synchronization issues
In this section, we describe the situation where the serving TRP and the candidate TRPs are not synchronized within the cyclic prefix, or to be more precise: when the reference signal used for connected mode mobility from serving and candidate TRP are received at the UE with a time offset larger than the cyclic prefix. 
To detect the CSI-RS in that case, the UE must first obtain synchronization using yet another signal. That other signal must then be QCL with the CSI-RS.
[bookmark: _Ref474157350]To perform a measurement on the CSI-RS, the UE must first synchronize to another signal, which is QCL with the CSI-RS
One candidate of such a synchronization signal is the PSS/SSS transmitted from the candidate TRP. Of course, to be able to use that for synchronization, that signal must be present on the carrier the UE tries to connect to. Even when the PSS/SSS is transmitted from the neighbour TRP, it is very likely that it is being transmitted rather sparsely, i.e., every 80ms. To detect the CSI-RS, the UE must then first find the PSS/SSS and then detect the corresponding CSI-RS. Hence, it becomes very difficult to benefit from more frequent transmission of the CSI-RS since the sparsely transmitted synchronization signal must be detected first. The issues with a separate synchronization source are described in more detail in [1].
[bookmark: _Ref474157379]The effective periodicity of the CSI-RS can never be higher than that of the corresponding synchronization signal.
[bookmark: _GoBack]It should also be noted that the UE must be able to hear the synchronization signal while it is simultaneously receiving data. The issues with this approach are described in [2].
Desirable properties of the additional RS
In summary, it is desirable that the additional RS 
· can be detected by the UE with a minimum configuration
· can be detected by the UE without having to rely on a separate synchronization signal
Since CSI-RS lack the above properties, we propose
[bookmark: _Ref474157461]Define a reference signal different from the CSI-RS that can be detected with a minimum amount of configuration, and which does not rely on a separate signal for synchronization. 

Conclusions
In this contribution we made the following observations:
1. Neither aperiodic nor semi-persistent CSI-RS configurations are suitable for L3 mobility in CONNECTED mode.
1. For every CSI-RS resource the UE performs measurements on, the UE must be configured with
3. periodicity and sub-frame allocation
3. the RE allocation (OFDM symbol and comb)
3. the RS sequence initialization seed
1. To perform a measurement on the CSI-RS, the UE must first synchronize to another signal, which is QCL with the CSI-RS
1. The effective periodicity of the CSI-RS can never be higher than that of the corresponding synchronization signal.
Based on the discussion in this contribution we propose the following:
1. Define a reference signal different from the CSI-RS that can be detected with a minimum amount of configuration, and which does not rely on a separate signal for synchronization.
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