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1	Introduction
In RAN1#89 meeting several agreements were made on the CSI-RS for L3 mobility [1], summarised in Annex. 
In this contribution we discuss and consider different configuration options for CSI-RS for L3 mobility.
2	CSI-RS for L3 Mobility
2.1 	Periodicity
For discussion of CSI-RS periodicity we identify following options:
· Option 1: CSI-RS for L3 mobility periodicity is equal to SS block periodicity 
· Option 2: CSI-RS for L3 mobility are transmitted more frequently than SS block
· Option 3: CSI-RS for L3 mobility are not transmitted 
Depending on the SS block periodicity it may be desirable to configure CSI-RS for L3 Mobility to be transmitted in more frequently than the configured SS periodicity e.g. 80/160 ms especially in higher frequencies thus both options 1 and 2 should be supported. As CSI-RS configuration needs always to be provided to the UE (via dedicated signalling) Option 3 is supported implicitly.
In our view at least SS periodicities for the CSI-RS should be supported. 5,10,20,40,80,160 ms are supported for SS burst set periodicity and at least same set of values could be assumed for CSI-RS. Furthermore NW should be able to configure combinations of SS block periodicities and CSI-RS that fullfill at least option1 so that CSI-RS would never be configured with longer periodicity than SS burst set periodicity. 
Following combinations should be supported with respect to the Option 1&2:
	SS burst Set Periodicity
	CSI-RS for L3 Mobility Periodicities

	5 ms
	5 ms

	10 ms
	{5 10} ms

	20 ms
	{5 10 20} ms

	40 ms
	{5 10 20 40} ms

	80 ms
	{5 10 20 40 80} ms

	160 ms
	{5 10 20 40 80 160} ms



Currently don’t see a need for having more dense CSI-RS periodicity than 5ms or providing configuration where CSI-RS periodicity would be less frequent than SS burst set periodicity for L3 mobility purposes.
[bookmark: _Ref485395395]Proposal 1: Support following periodicities for CSI-RS for L3 mobility: {5 10 20 40 80 160}ms where the CSI-RS configuration can have equal or shorter periodicity than used for SS burst set periodicity.

2.2 	Numerology of CSI-RS for RRM measurement for L3 mobility
To enable flexible operation the CSI-RS configuration should also include the configuration of the numerology used for the CSI-RS When CSI-RS is FDM’d with SS block we could use the SS block numerology, when TDM’d CSI-RS should use the data numerology.

[bookmark: _Ref485395396]Proposal 2: Numerology of CSI-RS for L3 mobility is configurable and is explicitly indicated to UE by network

2.3 CSI-RS Time location Grid
RAN1 has agreed that all the SS blocks are transmitted during 5ms SS burst set. For supporting the different periodicities for L3 Mobility CSI-RS we propose to divide the time period between two SS burst sets into 5ms grid of CSI-RS transmission locations. Each 5ms transmission window would be used to transmit all L3 mobility CSI-RS corresponding to of all SS blocks i.e. if we use the SS block terms, the CSI-RS burst set would be sent during this window.
The 5ms time location grid is illustrated in the Figure 1 with an example of 80ms SS burst set period. The time between SS burst sets is divided to 5ms periods in which all the L3 Mobility CSI-RS are transmitted. CSI-RS may also be transmitted in non-occupied time and frequency locations in 5ms SS burst set window. Transmission of L3 mobility CSI-RS Burst set is contained in the 5ms time periods or transmission window so that CSI-RS burst set does not cross boundaries of two or more transmission windows. 
[image: ]
[bookmark: _Ref485326543]Figure 1. Time location grid for CSI-RS Burst set transmission.

[bookmark: _Ref485395397]Proposal 3: Divide the period between two SS Burst Sets to 5ms CSI-RS transmission windows

2.4 CSI-RS periodicity vs. SS burst set Periodicity 
In case of SS burst set periodicities longer than 5ms, the potential use of 5ms time location grid for CSI-RS mapping is illustrated in Figure 2 and Figure 3. As an example the 40ms SS burst Set periodicity is used. Here we discuss 2 potential alternatives (ALT1, ATL2) for mapping the CSI-RS transmissions with different periodicities to the  CSI-RS Burst Set time location grid.
With 5ms CSI-RS periodicity the both ALT1 and ALT2 have the similar mapping. Each CSI-RS time location between the SS Burst Sets are used and in addition the CSI-RS are mapped to the non-occupied symbols overlapping with actual SS block transmission. 
With periodicities other than 5ms (10,20,40,80,160ms) in the ALT1 the first CSI-RS Burst set is transmitted always in the next 5ms window after the SS burst set. From there one the time window repeats according to the configured periodicity. In this alternative, the time overlapping with the SS Burst Set transmission (5ms window)  would not be used for transmitting the CSI-RS.
With periodicities other than 5ms (10,20,40,80,160ms) In ALT2 the CSI-RS transmission starts on the same time window as SS burst Set. This option may be beneficial when channel bandwidth is much larger than SS block bandwidth, i.e. CSI-RS can be mapped to SS block symbols in frequency domain. In addition the time domain pattern would be used in the time locations outside the SS Burst Set window as depicted in the Figure 3.
Both approaches have their merits, either in simplicity and in efficiency. As the number of actual SS blocks transmitted in network is deployment dependent, in certain scenarios where low number of SS blocks are needed it would be possible to use the time overlapping with the SS burst set window. Thus, depending on final the SS burst pattern and mapping of SS blocks to the slot [2] and actual number of used/transmitted SS blocks, it could be possible to transmit the CSI-RS during the time overlapping with unused SS block candidate location, or time in between SS bursts. For those cases when the number of SS blocks is larger and/or there is a desire to preserve the time occasions between possible SS block locations for data, having the CSI-RS transmission occur at non-overlapping time window could be preferable.
[bookmark: _Ref485395399]Proposal 4: Enabling the CSI-RS transmission window allocated flexibly in relation to SS burst set transmission is supported.
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[bookmark: _Ref485372201]Figure 2. Example CSI-RS time location mapping to 5ms grid ALT1.
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[bookmark: _Ref485372206]Figure 3. Example CSI-RS time location mapping to 5ms grid ALT2

2.5 CSI-RS configuration with number of CSI-RS ports
Figure 4 illustrates the potential mapping of CSI-RS symbols corresponding to specific SS block in 5ms CSI-RS burst window. The location of CSI-RS symbols in CSI-RS Burst Set correspond to the location of respective SS block symbol location in SS burst Set. Configuration scales with different number of ports per SS block in symbol domain i.e. if we assume as an example 8 ports per symbol.
Color coding is used to indicate the CSI-RS that are configured for specific SS block. The grey symbols indicate the potential locations for the CSI-RS symbols. Depending on the configuration i.e. with 1 or 2 symbol configuration the potential locations can be used e.g. for PDSCH. 15Khz SCS with 14-symbol slot is used in the following examples.
NOTE: port repetition schemes are not excluded by the configuration i.e. one CSI-RS symbol with 8 ports is repeated N times. The repetitions would be transmitted in the potential symbol locations for CSI-RS.
[image: ]
[bookmark: _Ref485370082]Figure 4. Symbol level scaling of CSI-RS with number of ports.

2.6. FDM, TDM and Hybrid CSI-RS Configuration
Figure 5 illustrates the frequency and time division multiplexing of CSI-RS with SS block symbols. In certain scenarios, for example when there is sufficient bandwidth available outside SS-block to support the number of required CSI-RS ports the CSI-RS should be able to be configured in FDM manner with SS block. This would require the CSI-RS to be able to be configured with same periodicity as the SS-block. 
In certain deployments where the number of CSI-RS ports associated with single SS-block is large, and requiring thereby wider bandwidth, or when the number of SS-blocks is low, allowing the CSI-RS to be covered in short time, having a separate sweep for CSI-RS, i.e. burst, should be supported. In this case it could be useful to configure CSI-RS to be transmitted in separate CSI-RS time instance or in CSI-RS block. Several CSI-RS blocks form a CSI-RS burst
Furthermore, these configurations need to be supported at the same time i.e. the SS block periodicity may be configured e.g. with 80 ms periodicity and CSI-RS may be configured with 10ms periodicity thus TDM configuration would be needed
[image: ]
[bookmark: _Ref485370225]Figure 5. FDM and TDM configuration of CSI-RS.
2.7 Common CSI-RS configuration
In last RAN1 meeting the option of introducing to have common CSI-RS configuration provided to the UE through dedicated signalling. In this section we consider a “common CSI-RS configuration” option. In this configuration network indicates in a single configuration (with a set of CSI-RS properties) that are common to all SS blocks. Each SS block would have its corresponding/associated CSI-RS transmitted in specific time-frequency locations than can be derived based on the detected/measured SS block. These locations should be for example predefined in the 5ms transmission window which depend on the CSI-RS periodicity. The symbol locations with in the 5ms windows depends on e.g. number of SS blocks in SS burst, number of CSI-RS ports (corresponding to an SS block) and the symbol level mapping. This type of configuration could be used, for example, to facilitate the beam management procedures or if the common association is defined to be common for example a group of cell-IDs, L3 mobility measurements. With this type of common configuration the need to (re-)configure the UE based on different triggers can be reduced. 
[image: ]
Figure 6. Example of Common CSI-RS configuration
When UE is configured with common CSI-RS configuration it is able to determine that to which cell the configuration applies based on the cell ID (PCI). When UE detects an SS block (index) it is able to determine the CSI-RS time (and frequency location) configuration based on the common configuration.
Common CSI-RS configuration signalling could be further extended to cover multiple cells/cell groups in case they share similar CSI-RS configuration.
[bookmark: _Ref485395401]Proposal 5: Support “common CSI-RS configuration” for a set of SS blocks

2.8 SS Block Specific CSI-RS Configuration 
To complement the common CSI-RS configuration, the SS block specific configuration should be supported as well. An example of SS Block Specific CSI-RS configuration with 4 symbols is illustrated in the Figure 7. In this example each SS block has the corresponding CSI-RS (with spatial QCL association) transmitted in their respective time locations. Both SS block #0 and #2 have configuration of 4 symbols (32 ports in case no repetition is used). SS blocks #1 and #3 don’t have any CSI-RS configured, indicated by grey color.  
Figure 8 illustrates SS block specific configuration where different SS blocks may have different number of corresponding CSI-RS ports (symbols) configured.
Figure 7 and Figure 8 illustrate the TDM case, but same principles apply for the FDM.  
[image: ]
[bookmark: _Ref485367929]Figure 7. Illustration of SS block specific CSI-RS configuration of 4 symbols.
[image: ]
[bookmark: _Ref485368363]Figure 8. Illustration of SS block specific CSI-RS configuration with different number of symbols.

2.9 CSI-RS assistance information 
It was discussed in last meeting that network could provide some assistance information to facilitate the UE CSI-RS measurement. In a general case it can be considered that UE would report to the serving cell a detection of a new cell (namely Cell-ID and at least the SSBlock-RSRP associated to a given SS block), for which network could then choose to configure additional measurements. It is good to note that to provide the SSBlock-RSRP for given SS block, implies that UE has to obtain the SS block index, which has been considered to be carried by NR-PBCH (e.g. implicitly/explicitly). It has been agreed that from SS block index UE should be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number (RAN1 NR AH#1 in Spokane).  
In considered multi-beam/TRP scenario network would likely be interested to additionally refine the quality of possible ‘sub-beams’ for example to facilitate handover, and assign UE to measure CSI-RS from the given cell. The CSI-RS configuration would then inform the UE where (time and frequency) and what (ports) the RE’s to measure. The context of the discussion was on the timing association of the given CSI-RS configuration, and the possibility to know the timing difference between serving cell (providing the CSI-RS configuration) and target cell (to be measured).  
It can be understood that there may be different levels of timing assistance information. Firstly the network could inform the UE whether there is any or no timing synchronization between the cells for example within the frequency layer. In the case that there is no synchronization between the cells, and network configures UE to measure CSI-RS from the neighboring cell, UE would need to be capable to obtain the necessary timing information to be able to carry out the assigned measurements. 
[bookmark: _Ref485395384]Observation 1: For asynchronous network deployments, UE would be required to obtain the full neighboring cell timing to perform the CSI-RS measurements.
If the network is synchronous, there can be different levels of synchronization [3] depending on the deployment. Also even if cells have at some level of frame timing synchronization, they might not necessarily be synchronized at SFN level. 
[bookmark: _Ref485395385]Observation 2: There could be different levels of synchronization between cells even in so called synchronized scenarios.
When considering the CSI-RS measurement it can be assumed that based on the PSS/SSS detection UE has obtained the exact symbol timing of the neighboring cell. Like noted earlier to report SSblock-RSRP with the SS block index, UE would able to identify obtain the slot and frame timing and frame number. Hence, in principle UE should have the necessary information to perform the measurements.  Now the exact method to deliver the SS block index has not yet been agreed, thus it could be that in certain cases UE would not necessarily have the full timing information. For these scenarios it would be good to consider if there are and what those methods, to facilitate the UE CSI-RS measurement. This depends of course also, not only how the SS block index is delivered and whether UE can be reliably detect the NR-PBCH with one-shot for example, but also how the CSI-RS configuration is given. Like discussed above, if the CSI-RS configuration can be associated to a given SS block, and UE in minimum has the SS block index, there might no need to provide any additional assistance information. 
[bookmark: _Ref485395387]Observation 3: Depending on the SS block index delivery mechanism and the CSI-RS configuration association whether UE needs actual assistance information.
[bookmark: _Ref485395402]Proposal 6: RAN1 considers further if there is need provide UE any additional assistance information for neighboring cell CSI-RS measurements. 

[bookmark: _GoBack]3	Conclusions
In this contribution we have considered different configuration options for CSI-RS for L3 mobility and made following observations and proposals:-
Observation 1: For asynchronous network deployments, UE would be required to obtain the full neighboring cell timing to perform the CSI-RS measurements.
Observation 2: There could be different levels of synchronization between cells even in so called synchronized scenarios.
Observation 3: Depending on the SS block index delivery mechanism and the CSI-RS configuration association whether UE needs actual assistance information.
Proposal 1: Support following periodicities for CSI-RS for L3 mobility: {5 10 20 40 80 160}ms where the CSI-RS configuration can have equal or shorter periodicity than used for SS burst set periodicity.
Proposal 2: Numerology of CSI-RS for L3 mobility is configurable and is explicitly indicated to UE by network
Proposal 3: Divide the period between two SS Burst Sets to 5ms CSI-RS transmission windows
Proposal 4: Enabling the CSI-RS transmission window allocated flexibly in relation to SS burst set transmission is supported.
Proposal 5: Support “common CSI-RS configuration” for a set of SS blocks
Proposal 6: RAN1 considers further if there is need provide UE any additional assistance information for neighboring cell CSI-RS measurements.
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Annex: Agreements on CSI-RS for L3 mobility from RAN1#89

Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR
· Periodic CSI-RS transmission with configurable periodicity
· Note that CSI-RS transmission can be turned on and off
· FFS: candidate periodicity values
· Configurable transmission/measurement bandwidth
· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE
· Configurable CSI-RS time/frequency resource
· Note that this property is the same with that for beam management based on CSI-RS
· Note that the numerology for CSI-RS should consider neighbor cell measurement aspects

Agreements:
· RAN1 provides the following response to Question 1:
· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 
· CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.
· For example, they could be the same when both are configured to be periodic with same periodicity
· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic
· For example, they could be partly the same when both are configured to be periodic but with different periodicities

Agreements:
· 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

Agreements:
· 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
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