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Introduction
RAN1#88 made the following agreements on mobility signals [1]:

· 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 additional requirements on CSI-RS for supporting active mode mobility.
Discussion
Regular CSI-RS in NR
In LTE, CSI-RS is primarily used for evaluating quality of different beamforming and multi-layer transmission alternatives towards a UE. A CSI-RS resource is formed by aggregating one or more CSI-RS units in one or more OFDM symbols within a slot. A CSI-RS unit consists of an RE or a pair of adjacent REs (or adjacent subsampled REs) within the same OFDM symbol. The number of ports may be less than or equal to the number of REs in the aggregated resource. A CSI-RS resource is UE-specifically configured and can have 1,2,4,8,12,16,20,24,28, or 32 ports. Its periodicity is {5,10,20,40,80} ms. CSI-RS spans full system BW. For 1 and 2-port measurements, 2 REs in 2 adjacent OFDM symbols (CDM-T) are used, where two ports are separated using OCC. Arbitrary CSI-RS subframe grid offset is supported. CSI-RS is configured by the serving cell to a UE, providing a T/F reference. The CSI-RS symbol sequence depends on slot index (0-19) and symbol index in slot. The sequence generator is initialized with cell ID (default) or a virtual cell ID (if configured by RRC) which makes them distinguishable from other cells’ or users’ CSI-RS.
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Figure 1. CSI-RS design in LTE.

CSI-RS in NR will have a fundamentally LTE-like design. Some differences compared to LTE agreed so far [1]  include flexible BW, 1, 2, or 4 symbol-transmission, up to 12 CSI-RS resources per slot. CSI-RS symbols contain only CSI-RS, and CSI-RS may be configured in aperiodic, semi-persistent, or periodic manner. A possible CSI-RS design for NR is described in [3] and illustrated in Figure 2.
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[bookmark: _Ref473733918]Figure 2: NR single-symbol RE mapping pattern with all 12 REs occupied per PRB for 1, 2, 4, 8, and 12-port CSI-RS resources.

The CSI-RS sequence is generated based on a seed value, as in LTE. It is likely that the seed may be based on the PCI or on a virtual ID. The use of the virtual ID in the sequence generation will be central in the usage of the CSI-RS for active mode mobility.
The CSI-RS in NR will be designed to efficiently support analog beam sweeping. Some additional uses compared to LTE may be for fine T/F tracking, and for RLM.
Augmenting SS-based mobility measurements with CSI-RS measurements 
Using NR-SS for AMM measurements can provide basic mobility functionality in some typical deployments, e.g. sector-based sub-6 deployments. However, in other scenarios, SS-based mobility measurements may limit mobility performance. The use of CSI-RS for AMM is motivated e.g. in scenarios where the desired beam mobility resolution is higher than the PSS/SSS beam sweep resolution, or where wide-band measurements are desired for improved fading robustness in moderately dispersive environments, or to improve measurement accuracy. Yet another important use case for AMM CSI-RS is for multi-TRP cells, where the UE cannot distinguish individual TRPs as handover targets with the aid of PSS/SSS, since an identical PSS/SSS is transmitted from the different TRPs in one cell. 
If SS is available and can be used as a T/F reference for neighbor-cell measurements, and if the CSI-RS is generated using the PCI-based seed as in the default construction, a baseline CSI-RS-aided AMM measurement procedure at the UE could consist of the following stages:
1. Detect an SS, obtain sync, and derive PCI of a neighbor cell 
· according to a configured neighbor list, or blindly
2. Generate CSI-RS using the PCI-seeded reference sequence and perform measurements at relevant frequency locations 
· E.g. based on previous CSI-RS resource configuration from source
3. Report quality for the CSI-RS resources, i.e. for beams, according to the reporting configuration 
· E.g. based on event thresholds, etc.
Beam measurement support with CSI-RS
In the default CSI-RS configuration, CSI-RS resources for 16 ports can be accommodated per slot and the sequence seed for all resources is a function of the cell ID. The 16 CSI-RS resource positions in a slot then allow identifying 16 unique beams per cell that can be measured per slot. This may not be good enough to support AMM multi-TRP cells even with few beams per cell, or single-TRP cells with many beams. Additional beams may be supported by extending the sweep duration to multiple CSI-RS slots. This is for example possible for the CSI-RS of the discovery reference signal (DRS) structure in LTE [4], where it is possible to configure CSI-RS in up to five consecutive subframes. However, the associated increased measurement latency may be prohibitive in deployments with sudden shadowing. 
[bookmark: _Toc477529411][bookmark: _Toc478114583][bookmark: _Toc478114771][bookmark: _Toc478116347][bookmark: _Toc478123121]Default CSI-RS framework supports measuring a relatively small number of beams per cell.
[bookmark: _Toc478123129][bookmark: _Toc477529414][bookmark: _Toc477529438][bookmark: _Toc478114587][bookmark: _Toc478116362][bookmark: _Toc478123131][bookmark: _Toc478131261]NR should include AMM-oriented CSI-RS configurations that can support expedient measurement of a large number of beams. 
As one measure to allow measuring a larger number of beams without unduly stretching the measurement interval, AMM measurement slots should be configured where multiple CSI-RS symbol groups are transmitted. For example, assuming CSI-RS resources spanning a single symbol and 14 symbols per slot, 12*14=168 beams per cell may be swept during one slot. The same type of configuration would be useful also for beam management [2] for analog or hybrid beamforming, where the frequency dimension cannot be exploited to the same extent. 
[bookmark: _Toc477529415][bookmark: _Toc477529439][bookmark: _Toc478114588][bookmark: _Toc478116363][bookmark: _Toc478123132][bookmark: _Toc478131262]AMM-CSI-RS transmission should be configurable to include several CSI-RS resources per slot, up to filling all or most of the OFDM symbols in a slot. 
Using virtual IDs to expand beam address space
In the default CSI-RS design, the sequence is generated using PCI as seed. Hence, all CSI-RS from a certain cell use the same sequence. In order to increase the beam index space that can be supported during one CSI-RS transmission, the virtual ID framework for seeding the CSI-RS generator should be used to allow a significantly larger number of sequences. This is already possible for CSI-RSs of DRS in LTE, where the generator for the associated CSI-RSs is initialized using a specific scrambling identity, separate from the PCI.
Beam ID is then formed as a combination of virtual ID and CSI-RS resource allocation. More specifically, the beam ID is embedded in the combination of the choice of the sequence, and the T and F allocation of the CSI-RS resources. 
UE may be configured with search lists for some CSI-RS resource parameters and performs measurements over all possible values of other parameters.
[bookmark: _Toc478114589][bookmark: _Toc478116364][bookmark: _Toc478123133][bookmark: _Toc478131263]AMM-CSI-RS may be generated using a seed based on a virtual ID. 
Two possibilities for virtual ID definition may be distinguished
Virtual ID is function of cell ID (PCI) 
In this approach, the cell ID and virtual ID relationship constitutes a one-to-many mapping where the PCI maps to multiple virtual IDs, where each virtual ID corresponds to a beam transmitted from that cell. The UE can determine the cell ID based on the received virtual ID using the corresponding many-to-one mapping. Tying the virtual ID used for seeding CSI-RS in beams from a given cell to PCI allows the UE to e.g. group beams for reporting purposes based on detected beam IDs. 
The one-to-many mapping can also reduce the number of virtual IDs the UE is required to perform measurements on, since only a subset of all virtual IDs will need to be measured.      
Virtual ID is decoupled from cell 
Using virtual IDs that do not map to specific cells as far as the UE is concerned reduces the total number of virtual IDs needed. It is an attractive approach if inter-cell virtual ID coordination/identification is available, and if cell-wise beam grouping at the UE is not required but beams only need to be identified uniquely among all received beams from multiple cells.
In this configuration, the neighbor cell list at the cell level cannot be used to prune the virtual ID search space for the UE. However, the UE may be configured to measure according to a candidate list at the beam level if the network supports beam-level ANR information. 
[bookmark: _Toc478114590][bookmark: _Toc478116365][bookmark: _Toc478123134][bookmark: _Toc478114591][bookmark: _Toc478116366][bookmark: _Toc478123135][bookmark: _Toc478131264]It should be configurable whether or not the virtual ID is a function of the PCI. 
The AMM measurement procedure utilizing AMM-CSI-RS can then be generalized to the following:
1. Detect an SS and obtain sync for a neighbor cell
· If virtual ID is coupled to the cell, also derive the PCI 
2. Generate CSI-RS symbols using relevant virtual IDs as seed and perform measurements over relevant CSI-RS allocations
· If virtual ID is coupled to the cell, only consider virtual IDs that map to the PCI
3. Report quality for the CSI-RS resources, i.e. for beams, according to the reporting configuration 
· E.g. based on event thresholds, etc.

NR-SS and CSI-RS locations
The NR-SS will generally not be located in the middle of the carrier, but at a limited number of possible predetermined locations, in order to limit the UE search effort during initial access. When the UE detects an SS as part of AMM measurements, the location of the SS does not unambiguously determine the frequency range in which the CSI-RS will be transmitted. This is both due to the non-centered location of the SS and due to possible variable CSI-RS BW. Furthermore, the CSI-RS location in time in neighbor cells (AMM slot period and phase wrt. subframe/frame boundaries) may be unknown to the UE. 
[bookmark: _Toc478114772][bookmark: _Toc478116348][bookmark: _Toc478123122]The CSI-RS resource locations to measure for AMM in a neighbor cell, in relation to detected NR-SS locations, may be different in different cells and unknown to the UE. 
To facilitate efficient measurements in cases when this information is not available, the NW may pre-configure the UE with the CSI-RS location (i.e. the location of the link search/measurement range) in relation to the SS location, and also the BW of CSI-RS. The info could be provided by the source node as part of AMM measurement configuration. Upon detecting the SS, the UE can then proceed with link-specific measurements according to different T/F/sequence hypotheses.
[bookmark: _Toc478114592][bookmark: _Toc478116367][bookmark: _Toc478123136][bookmark: _Toc478131265]It should be possible to configure the UE with CSI-RS location in relation to SS location in neighbour cells. 

Conclusion
In section 2, we made the following observations:
Observation 1	Default CSI-RS framework supports measuring a relatively small number of beams per cell.
Observation 2	The CSI-RS resource locations to measure for AMM in a neighbor cell, in relation to detected NR-SS locations, may be different in different cells and unknown to the UE.
Based on the discussion in section 2, we propose the following:
Proposal 1	NR should include AMM-oriented CSI-RS configurations that can support expedient measurement of a large number of beams.
Proposal 2	AMM-CSI-RS transmission should be configurable to include several CSI-RS resources per slot, up to filling all or most of the OFDM symbols in a slot. 
Proposal 3	AMM-CSI-RS may be generated using a seed based on a virtual ID.
Proposal 4	It should be configurable whether or not the virtual ID is a function of the PCI.
Proposal 5	It should be possible to configure the UE with CSI-RS location in relation to SS location in neighbour cells.
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