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Introduction
In RAN1#89 AH, the following agreements relevant for CSI-RS for mobility was made:
Agreement #1 (RAN1 #89 AH):
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Configurable periodicity (as already agreed)
· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· Configurable transmission bandwidth (as already agreed)
· FFS candidate values
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported
· Configurable parameters for sequence generation 
· Configurable numerology
· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported
· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· Configurable CSI-RS time/frequency resource (as already agreed)
· CSI-RS design including RE mapping and density for beam management is assumed as baseline
· Note that above properties are relevant for RAN4 RRM measurement evaluations and not intended to be an exhaustive list of properties



Agreement #2 (RAN1 #89 AH):
· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management
· Value of D>=1 represents RE/RB/port within a OFDM symbol.
· For the case of 1-port
· No CDM
· Subcarrier spacing within a PRB for D>1
· Even spacing
· Constant subcarrier spacing across PRB(s)
· Constant subcarrier spacing within a BWP
· FFS the values of D 
· For the case of 2-port:
· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)
· FFS: the potential number of CSI-RS OFDM symbols for beam management
· FFS: other values of X and D for beam management 
· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”
Agreement #3 (RAN1 #89):
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs
· FFS: Serving cell assists to derive the reference time of target cell in synchronous system

Agreement #4 (RAN1 #89):
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling
Agreement #5 (RAN1#88b):
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 

In this contribution, we will discuss remaining details on properties for CSI-RS for L3 mobility.
[bookmark: _Ref178064866]Discussion
In this contribution, we will discuss remaining details on properties for CSI-RS for L3 mobility, including measurement capabilities, number of ports and density. We will also discuss performance for various measurement bandwidths. Finally, we will discuss how to define a sufficient number of CSI-RS resources to use.
Remaining details of CSI-RS configuration 
So far, only RSRP has been agreed to use as a measurement capability for CSI-RS (CSI-RSRP). In addition, NR should define a measurement capability which provides information about signal quality, taking interference levels into account. Such measurements will be essential for the NW’s ability to provide better system performance for connected mode mobility-, QoS- and load-handling in high load/interference situations.  Already in Release 8, LTE included an RSRQ measurement capability, which provided such information. Current LTE specifications also include RS-SINR, which also provides such information. For LTE, both RSRQ and RS-SINR have their pros and cons. Since the CSI-RS has different properties compared to CRS in LTE, it is not certain that these pros and cons are relevant for NR. Therefore, we propose
[bookmark: _Toc490224100][bookmark: _Ref481766418][bookmark: _Toc485401585]Define a measurement capability based on CSI-RS for mobility, which takes interference levels into account.
In the agreement #2, properties for the CSI-RS for beam management were captured: 1-port and 2-port CSI-RS resources were defined for that purpose. As CSI-RSRP and CSI-RSRQ are relatively coarse quantities, there is little point in using CSI-RS resources with more than one port. Therefore, we propose
[bookmark: _Toc490224101]A CSI-RS resource for L3 mobility is defined as a single-port CSI-RS resource defined for beam management with D>1.
One motivation of introducing the CSI-RS for L3 mobility was to be able to use wider bandwidths to increase measurement accuracy. Here the agreement states that
· Configurable measurement bandwidth (as already agreed) and frequency location
· At least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported
· FFS other candidate values for wider bandwidth for each SCS
· Measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported

The configurable measurement bandwidths include the minimum carrier bandwidth and at least one additional, larger bandwidth. Clearly, it should be the target that as many UEs as possible should be able to use a measurement bandwidth larger than the minimum carrier bandwidth. Ideally, each UE that can handle a bandwidth larger than the minimum carrier bandwidth should be able to perform measurements on an additional, wider CSI-RS. However, with diverse bandwidth capabilities among UEs, this may not be feasible. However, it is important that the additional bandwidths are useful for as many UEs as possible. 
[bookmark: _Toc490224096]The additional measurement bandwidth(s) should be useful for as many UEs as possible.
The example in the agreement states that the additional measurement bandwidth may equal the maximum UE bandwidth. We fear that such a choice may lead to that only few UEs may utilize the additional measurement bandwidth.
To evaluate the accuracy for different choices of CSI-RS bandwidth, link level simulations have been performed. RSRP estimation accuracy of different CSI-RS options has been compared in low and medium dispersion conditions (30 and 300 ns RMS delay spread) in 20 MHz signal BW at 15 kHz subcarrier spacing. A simplified SS block model of 288 subcarriers, and single-symbol CSI-RS configurations with BW of 10 and 20 MHz. Note that we have also evaluated different repetition factors (RPFs). The relation between RPF and density D is
 
Median (50-percentile) of the absolute value of the estimation error is depicted in the plots for different instantaneous symbol SNRs. The results in Figure 1 and Figure 2 illustrate the impact of these two important CSI-RS configuration parameters. 

[bookmark: _Ref481755275]Figure 1: Median absolute RSRP estimation error for a low-dispersion channel.
Clearly, the additional bandwidth should be significantly larger than the SS block bandwidth. On the other hand, from the results in Figure 1 and Figure 2, it seems that estimation performance is adequate with a CSI-RS bandwidth equal to half the system bandwidth:
[bookmark: _Toc485401536][bookmark: _Toc490224097][bookmark: _Ref481766288]Adequate estimation performance is obtained when the CSI-RS bandwidth equals half the system bandwidth. 
Clearly, since the relation between the system bandwidth and the SS block bandwidth varies, it is not possible to translate “half the system bandwidth” to any unique multiplier of the SS block bandwidth. The final decision of the bandwidth of this CSI-RS configuration may be up to RAN4, but as a rule of thumb, we propose: 
[bookmark: _Ref481766491][bookmark: _Toc485401590][bookmark: _Toc490224102]It should be possible to configure the UE to perform RRM measurements for L3 mobility on periodic CSI-RS resources with frequency allocation approximately 5 times that of the SS block.


[bookmark: _Ref481755290]Figure 2: Median absolute RSRP estimation error for a moderately dispersive channel.
Note that Proposal 5 and Proposal 6 discuss measurement bandwidths, and not transmission bandwidths. Clearly, the transmission bandwidth needs to be larger than or equal to the measurement bandwidth.
In agreement #3, additional properties of CSI-RS for L3 mobility were discussed. In particular, one mentions spatial QCL:
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS:
In some cases, the CSI-RS can be assumed to be spatially QCL with a certain SS block. However, in many cases, such a relation does not exist. In fact, one of the most important use cases for CSI-RS-based mobility is when the CSI-RS comes from another direction than the SS block. Hence, we propose
[bookmark: _Toc490224103]Including a spatial QCL relationship between a CSI-RS and an SS block should be optional in the CSI-RS resource definition.
The agreement from RAN1#88b suggests identifying additional requirements on the CSI-RS to enable seamless and high-performing mobility. One such requirement is described in [2], where it was described that it is not always possible to rely on an SS block as synchronization source. Cases where the SS block may be unsuitable include when the SS block is transmitted very sparsely, or when the cell-border SNR of the SS block becomes so low that PSS reception suffers. The frame/slot/symbol timing must then be obtained using some other mean. Several ways of obtained that kind of synchronization is described in [1]. Additional details and motivations can be found in [2]. One such way could be to introduce a synchronization source with the CSI-RS for L3 mobility. 
Configuration methods
In agreement #4, configuration methods for the CSI-RS parameters were discussed. In our opinion, none of the methods really resembles how an CSI-RS resource is identified in LTE. In LTE, each CSI-RS resource is configured independently, and defined by a list of parameters. All the parameters of the CSI-RS resource are defined at the time of creation, and the parameters affect only that CSI-RS resource. 
For NR, a similar solution should be baseline: the parameters of each CSI-RS resource are configured explicitly. This gives maximum flexibility to the NW, and it also provides the UE with an unambiguous representation of the measurements related to a certain CSI-RS resource. A measurement can be tagged with an unambiguous identifier, similar to measCSI-RS-Id in LTE. Then the UE may aggregate measurements from different CSI-RS resources, if explicitly configured to do so. The signaling from the network to the UE may also configure several CSI-RS resources at the same time. 
[bookmark: _Ref485049061][bookmark: _Toc485401594][bookmark: _Toc490224104]As a baseline, the NW explicitly configures the UE with all the parameters that define the CSI-RS resource.
Note that this does not preclude that the NW configures several CSI-RS resources at the same time, by allowing ranges for some of the parameters. 
The number of supported CSI-RS resources
When performing RRM measurements on the CSI-RS for L3 mobility, the CSI-RS resource will be used to distinguish different TRPs or beams. Obviously, if all parameters of two CSI-RS resources are identical, the measurements in these resources will always be identical, and cannot be used to distinguish measurement targets, i.e., TRPs or beams. Hence, parameters of CSI-RS resources used for L3 mobility must be different, to enable measurements on different measurement targets, i.e., TRPs or beams. In other words, the CSI-RS transmitted in different beams must be defined by different CSI-RS resources, and the parameter sets defining these resources need to be unique.  For instance, two different TRPs may utilize two different seeds to generate the CSI-RS sequence, and the UE will then be configured with two CSI-RS resources where the only difference is that the seeds are different. The UE will perform measurements on these two CSI-RS resources and report the results when triggered. 
Parameters that could be used to distinguish CSI-RS resources include
· Time/frequency resource (RE mapping within a slot)
· Frame/slot offset
· Seed
In contrast, it is not reasonable to distinguish TRPs by using CSI-RSs with different periodicities or different numerologies. To distinguish different TRPs, it is therefore critical that the different CSI-RS resources have different values of the time/frequency resource and/or the seed, and/or frame offset. We note that the RE mapping within a slot only provides a small number of CSI-RS resources, 7 or 14. Note that a large multi-TRP cell may include many TRPs: 100 TRPs is quite realistic. By using additional slot/frame offsets, the number of resources can be increased. However, with additional slot/frame offsets, the UE will have to measure over longer periods, which is undesirable. 
These limitations are avoided if we use different seeds to distinguish different CSI-RS resources. Here, the seed has a larger address space: it is possible to generate in the order of 1000 sequences that the UE can distinguish. Since all these CSI-RS may use the same RE mapping, slot and frame offsets, the UE can perform the measurements during a very short period in time. We note from agreement #5 that NR should support measurement of a large number of beams. In our view, to honor this agreement, we need to make use of the UEs capability to distinguish CSI-RS generated from different seeds. Hence, it should be possible to configure the UE with many CSI-RS resources that are generated using different seeds. We thus propose:
[bookmark: _Ref485049079][bookmark: _Toc485401595][bookmark: _Toc490224105]It should be possible to configured the UE with [1000] CSI-RS resources for L3 mobility, where the CSI-RS resources have different seeds.
In addition, the network may define CSI-RS resources that have different RE mappings.
Conclusions
In this contribution, we made the following observations:
Observation 1	The additional measurement bandwidth(s) should be useful for as many UEs as possible.
Observation 2	Adequate estimation performance is obtained when the CSI-RS bandwidth equals half the system bandwidth.

Based on the discussion in this contribution we propose:
Proposal 1	Define a measurement capability based on CSI-RS for mobility, which takes interference levels into account.
Proposal 2	A CSI-RS resource for L3 mobility is defined as a single-port CSI-RS resource defined for beam management with D>1.
Proposal 3	It should be possible to configure the UE to perform RRM measurements for L3 mobility on periodic CSI-RS resources with frequency allocation approximately 5 times that of the SS block.
Proposal 4	Including a spatial QCL relationship between a CSI-RS and an SS block should be optional in the CSI-RS resource definition.
Proposal 5	As a baseline, the NW explicitly configures the UE with all the parameters that define the CSI-RS resource.
Proposal 6	It should be possible to configured the UE with [1000] CSI-RS resources for L3 mobility, where the CSI-RS resources have different seeds.
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