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1	Introduction
In this contribution we discuss CSI-RS measurements for initial access purposes and discuss the properties of L3 mobility CSI-RS for RRM measurements.

2	CSI-RS Measurements for Initial Access 
Following possible agreement was discussed in RAN88bis in the beam management track. It lists 3 options form beam management perspective that which signals are supported for P-1 procedure. 
Possible agreements:
· For UE RRC idle mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Opt. 3: Combination among options above

For IDLE/INACTIVE mode L3 mobility measurements, it has been agreed that at least NR-SSS is used for deriving SS block RSRP. Additional signals are FFS.  
In IDLE/INACTIVE mode, from paging reception perspective UE should re-select to the best cell and in case of multiple beams operation UE should also determine the strongest SS block on the current cell it is camping. 
Observation 1: UE performs cell selection and re-selection or “L3 IDLE mode mobility” based on the measurements on SS-block
When UE is paged (or the connection is UE originated) by network, it initiates RACH procedure to connect (or resume connection in INACTIVE) to the network. As a part of the connection establishment, beam refinement procedure is required in multibeam system. In a case where cell specific periodical CSI-RS are transmitted in a cell it would be beneficial for UE to measure these also in addition to the SS block or potentially multiple SS blocks in beam level in the current cell it is camping. In [4], three different options were considered to enable this beam refinement in the RACH procedure:-
1. SS block based RACH resource association + aperiodic CSI-RSs transmitted alongside the Msg2 to UE(s). 
2. CSI-RS based RACH association and cell specific periodic CSI-RS configuration in system information.
3. SS block based RACH association + cell-specific CSI-RS configuration (P1 beams) in system information. 
In all of this options, the CSI-RS configuration could be provided as a part of the system information to enable the UE to carry out the CSI-RS measurements from the cell it is camping. Main difference lies, where and how the information regarding the CSI-RS measurements is provided. For example if PRACH configuration in the cell indicates DL TX beam specific portioning of PRACH resources in a cell UE can indicate the preferred DL beam by selecting a corresponding RACH preamble (e.g. option 2). To enable UE to measure beams associated with SS block network provides UE with a SS block specific beam configuration (or a configuration that is common to all SS blocks) in the system information (MIB/SIB). An example beam configuration could be to indicate e.g. the CSI-RS ports/maximum number of CSI-RS ports associated with an SS block.
Beam level measurements could be used to accelerate the UL access: if we assume that UE would perform beam level measurements after the UL access is triggered it would cause potentially additional delay, like discussed in [4].
Observation 2: Measuring ‘camped’ SS block on beam level could speed up the UL access after receiving paging or in UE originated connection establishment. 
Burden of performing CSI-RS measurement in IDLE/INACTIVE could be relaxed for the UE by for example limiting the measurements to the camped cell or to the strongest SS Block of the camped cell (i.e. to the SS block for which the RACH association would be based). It is good to note that this would not affect the IDLE/INACITVE mode measurements for L3 mobility (cell selection and re-selection), but  L3 cell level mobility in IDLE mode would be based on SS-block measurements, as agreed earlier. 
Observation 3: The CSI-RS beam level measurements shall not affect the cell re-selection measurements in IDLE mode L3 mobility (determining cell quality) which is done based on the SS block measurements. 
One additional benefit of performing beam level measurements on e.g. ‘camped’ SS block could be to enable faster feedback on potential candidate beams for PDCCH/PDSCH i.e. beam refinement. UE could also report the beam measurements on P-1 beams during RACH procedure (e.g. in msg3) [4]. 
Proposal 1: Support enabling the beam level measurements (P-1 CSI-RS) on beams associated with specific SS blocks in IDLE/INACTIVE MODE for initial access purposes. 

3 	Properties of CSI-RS for RRM measurement for L3 mobility (Cell Specific CSI-RS)

3.1 General properties for CSI-RS for L3 Mobility
In RAN1#88 it was agreed that CSI-RS can be used in addition to the IDLE mode RS for RRM mobility measurements [4]:
Agreements:
· 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 
· FFS: Detailed signaling or format
· 
In Beam management track following options are considered for P-1 procedure

Agreements:
· For UE RRC connected mode, periodic signal is supported at least for P1 procedure (Tx/Rx beam alignment) using following options in addition to UE-specifically configured CSI-RS. Down selection from following options will be conducted in the next meeting.
· Opt. 1: SS blocks
· Opt. 2: Cell-specifically configured CSI-RS
· Configuration of CSI-RS is obtained from the broadcast message (e.g., MIB, SIB)
Opt. 3: No additional option
For mobility measurements (both L3 and L1/L2) the CSI-RS should support or have following properties:
Cell specific: CSI-RS should be cell specific signals to enable UE should be able to differentiate CSI-RS for mobility transmitted from different cells. In certain scenarios it might not be preferable to require tight coordination between cells, and it may not be even possible for example in unlicensed band operation, thus it would be preferable that the CSI-RS used for mobility could be for example scrambled by cell ID to provide some level of interference management.
Periodical: It should be possible to configure reference signals used for measurements to be appear periodically. 
Allow different RRC configuration methods: In certain scenarios the CSI-RS for mobility could be provided as a part of the dedicated measurement configuration, in advance or for example as a response to UE ‘SS-block-RSRP’ measurement report. In certain cases, for example to enable RACH resource selection to facilitated by the CSI-RS, it could be beneficial to allow CSI-RS configuration be carried as a part of the system information.  
Allow flexible configuration: As noted above, the available bandwidth for CSI-RS may be different in different scenarios or the number of beams/ports to be identified may vary, thus the CSI-RS configurations should enable support of different type deployments. For forward compatibility and for energy saving purposes, varying frequency and time domain allocations should also be considered. Disabling and enabling the CSI-RS that are used for mobility purposes in relatively dynamic manner should also be supported. 
Currently for beam management at least for P-1 and P-2 procedures the CSI-RS can be used but the actual signal properties are not yet clearly defined. It would be beneficial if same signal could be used for all RRM measurement purposes; for intra-cell mobility measurements (i.e. P-1/P-2 beam management) and inter-cell mobility measurements.
CSI-RS for (Mobility) serves as the mobility reference signal for two level mobility in NR:
· as beam specific reference signal for at least P-1 beam management
· as beam specific reference signal for L3 mobility in Connected mode

Proposal 2: CSI-RS for L3 mobility are cell specific signals and configured in System Information (MSI/RMSI)
NOTE: same CSI-RS are used for beam management P-1 procedure

3.2 	Association between SS Block and CSI-RS for L3 Mobility
R1-1706533	WF on DL RS for L3 mobility	 Huawei, HiSilicon, ATT, LGE, Ericsson, DOCOMO, Intel, MTK
Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.
· Note that signalling other than dedicated RRC signalling is not precluded

In order to facilitate the mobility procedures and also for beam management purposes, UE should be able to associate/link specific CSI-RS ports to specific SS blocks i.e. when UE detects an SS block it is able to obtain beam configuration to measure individual beams corresponding to the SS block. Figure 2 illustrates the possible associations. Like discussed in previous section, this could be achieved by signalling the SS block specific CSI-RS configuration in MSI/RMSI. UE may also be provided with SS block beam configuration (or beam configuration for set of, or all SS block) via assistance information.
Also, there should be means to determine the time-frequency location of CSI-RS with respect to the SS block without dedicated RRC signaling i.e. when UE detects SS block, it is able to determine/read the CSI-RS location based on some apriori information. I.e. in certain network deployments, where CSI-RS are considered to be transmitted periodically, UEs could be provided with a configuration that could be seen as frequency layer specific.


[image: ]
Figure 1. Illustration of possible SS block and CSI-RS port association
Proposal 3: There is an association/link between SS block and corresponding CSI-RS for L3 Mobility that is informed implicitly or explicitly (e.g. system information)

3.3 	Configuration options of CSI-RS for RRM measurement for L3 mobility

To measure the CSI-RS for L3 mobility UE would naturally need to know  timing association between the CSI-RS for RRM and the corresponding SS block. UE should also be able to determine the CSI-RS timing location based on the configuration i.e. in case of FDM configuration the CSI-RS are transmitted with the same timing as SS block i.e. there would be same periodicity for cell specific CSI-RS following timing options should be supported for CSI-RS. In this section we consider some different type of configurations that would be needed to enable different deployments.

4.3.1 TDM (CSI-RS Burst)

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 (depicted in Figure 2 ). The CSI-RS ports corresponding to SS blocks have dedicated sweep similar to SS block sweep. One CSI-RS transmission may be than one SS-block, so the CSI-RS block and CSI-RS burst duration would vary. To facilitate the TDM operation there should be a resource (time/frequency) association between the  SS burst timing (or time index of SS block) and the CSI-RS transmission, defined either implicitly or explicitly by configuration. This configuration should be obtained by UE with little effort i.e. the configuration would not need dedicated RRC signalling but would be signalled e.g. in MIB/SIB.

[bookmark: _GoBack][image: ]
[bookmark: _Ref481493933]Figure 2. CSI-RS Burst and SS blocks
Observation 4: NR needs to support configuration option where CSI-RS are transmitted in separate CSI-RS burst (TDM)
CSI-RS burst length should be flexible to support different number of CSI-RS ports that correspond to SS block. In Figure 3 is illustrated a CSI-RS block with different number of symbols. CSI-RS block length could scale in time domain with the number of CSI-RS ports associated with SS block as needed.
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[bookmark: _Ref481493943]Figure 3 . CSI-RS Block

Proposal 4: There can be defined timing between the SS block and corresponding CSI-RS ports, that is obtained by reading e.g. the system information 


3.3.2 FDM with SS block
Figure 4 illustrates the frequency 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. This would reduce the time domain overhead due to the required sweeps that could be beneficial especially if hybrid beam forming architecture is considered. Also, even though CSI-RS transmission can be assumed to be only one symbol long (i.e. 4 times shorted than SS-block), CSI-RS covering all SS-blocks might require several occasions.
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[bookmark: _Ref481494239]Figure 4. FDM with SS Block symbols
Observation 5: NR should support configuration where CSI-RS can be frequency multiplexed with SS block


3.3.3 Hybrid CSI-RS burst

In case of digital beam forming architecture, where beam forming gain is utilized to enhance the coverage of the SS-block and thereby multiple SS-blocks are needed in time domain, it might be possible to consider configuration where the CSI-RS corresponding to selected SS-block are multiplexed in frequency domain to same symbol. The extent in which CSI-RS corresponding to different SS-blocks can be frequency multiplexed will depend of course from the total number of ports required. Also it could be considered that the CSI-RS’s associated with different SS-blocks would not be sent in contiguous manner, but they would be scattered in time domain (in addition to frequency domain). E.g. to enable the re-usability of the CSI-RS (i.e. allowing same CSI-RS) for different UE’s and different purposes the CSI-RS could be always mapped to the last symbol of certain slots.
Therefor the configuration should be flexible enough to allow different timing and frequency resource associations for different CSI-RS ports.

Proposal 5: The CSI-RS configuration should allow flexible time and frequency association between SS-block and CSI-RS


3.4 	Periodicity

Agreements:
· Same set of configuration values for SS periodicity for CONNECTED/IDLE & non-standalone cases
· Values for configuration set for CONNECTED/IDLE & non-standalone case
· {5, 10, 20, 40, 80, 160} ms

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
Depending on the SS block periodicity it may be desirable to configure Mobility CSI-RS 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.
In one way the MSI/RMSI can be used to configure at least the minimum /default periodicity for mobility CSI-RS. UE is able to measure CSI-RS for L3 mobility for initial access purposes and also able to perform neighbour cell measurements on beam level if no apriori configuration is available. When UE is in connected mode the network may indicate the full configuration of CSI-RS by dedicated RRC signalling. Full configuration may also be provisioned to UE e.g. in assistance information.  
When UE is in connected mode, network can signal the full configuration so that UE can measure CSI-RS on all transmitted occasions. Example illustration is provided in the Figure 5. Hence the through flexible configuration network can partition the same CSI-RS resources for different use cases. For example for initial access purposes, UE is made aware part of the transmitted CSI-RS pattern, and once/if UE moves to the Connected mode, UE could be provided with updated configuration, extending the portion of the CSI-RS pattern that UE can measure. This would help to re-use the CSI-RS resource configuration in network and reduce the related overhead.
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[bookmark: _Ref481490708]Figure 5. Illustration of different CSI-RS for L3 Mobility periodicities
Proposal 6: Support configuration of extendable periodicity for CSI-RS for L3 Mobility enabling (CSI-RS) resource re-use.

3.5 	Bandwidth of CSI-RS 

Network can transmit periodic CSI-RS with full carrier bandwidth, e.g. 100MHz. The bandwidth required by the CSI-RS depends then on the number of CSI-RS ports that are needed together with the desired measurement accuracy (determined eventually by RAN4 requirements). Like discussed in Section 3.4, to reduce the CSI-RS resource overhead, it would be beneficial to enable flexible use of same (periodic) CSI-RS resources for multiple purposes. Hence, while network transmits the CSI-RS on full bandwidth to enable Connected mode UE’s to obtain for example more accurate measurements, such large amount of RE’s might not be needed to satisfy the beam level measurements of the ‘camped, SS Block for IDLE mode. Like illustrated in Figure 6, it the CSI-RS configuration could be such that it would allow UE to use only part of the actual CSI-RS bandwidth. 
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[bookmark: _Ref481695698]Figure 6. SS block BW vs. CSI-RS BW for L3 mobility

For initial access CSI-RS measurements, the CSI-RS could be measurable with limited bandwidth. This would naturally mean that the achievable accuracy of the CSI-RS measurement is limited by the used bandwidth. However, for example in case where PRACH preambles are partitioned per CSI-RS associated with SS block, it would be enough to be able to identify the highest quality beam/beams (e.g. RSRP) and indicate it to network.  This would lead to relaxed measurement accuracy requirements for initial access related CSI-RS RSRP measurements.

In the connected mode, UE equipped with information on the full extent of the transmitted CSI-RS configuration could obtain measurements based on the full bandwidth.  From measurement accuracy perspective, it would be of course desirable to obtain as much samples as possible when performing measurements. Also, when considering the adaptive UE bandwidth operation allowing UE’s to preserve energy, it would be beneficial that when equipped with the information of the periodic CSI-RS configuration, UE could use the partial band. I.e. same periodic CSI-RS configuration of a cell/SS block could be flexibly used by UE’s with different measurement bandwidth. This would help to manage the CSI-RS overhead. 

Proposal 7: Support configuration of extendable bandwidth for CSI-RS for L3 Mobility enabling CSI-RS resource re-use.
 
3.6 	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

Proposal 7: Numerology of CSI-RS for L3 mobility is explicitly indicated to UE by network

3.7 	The number of REs in the freq. domain of CSI-RS for RRM measurement for L3 mobility
It has been agreed that CSI-RS design for beam management is reused as baseline for CSI-RS for L3 mobility. Thus the P-1 signals for beam management are the used for beam management P-1 procedure and the of number of REs in frequency domain is discussed in [5] in the beam management track.



4 	Conclusions
In this contribution we have discussed the CSI-RS related issues. In Section 2 we considered the option of enabling CSI-RS measurements to facilitate the beam refinement  in the intial access phase with following observations and proposal: -
Observation 1: UE performs cell selection and re-selection or “L3 IDLE mode mobility” based on the measurements on SS-block
Observation 2: Measuring ‘camped’ SS block on beam level could speed up the UL access after receiving paging or in UE originated connection establishment. 
Observation 3: The CSI-RS beam level measurements shall not affect the cell re-selection measurements in IDLE mode L3 mobility (determining cell quality) which is done based on the SS block measurements. 
Proposal 1: Support enabling the beam level measurements (P-1 CSI-RS) on beams associated with specific SS blocks in IDLE/INACTIVE MODE for initial access purposes. 
In Section 3, we considered the CSI-RS configuration related aspects and raise observations and make proposals as follows:- 
Observation 4: NR needs to support configuration option where CSI-RS are transmitted in separate CSI-RS burst (TDM)
Observation 5: NR should support configuration where CSI-RS can be frequency multiplexed with SS block

Proposal 2: CSI-RS for L3 mobility are cell specific signals and configured in System Information (MSI/RMSI)
Proposal 3: There is an association/link between SS block and corresponding CSI-RS for L3 Mobility that is informed implicitly or explicitly (e.g. system information)
Proposal 4: There can be defined timing between the SS block and corresponding CSI-RS ports, that is obtained by reading e.g. the system information 

Proposal 5: The CSI-RS configuration should allow flexible time and frequency association between SS-block and CSI-RS

Proposal 6: Support configuration of extendable periodicity for CSI-RS for L3 Mobility enabling (CSI-RS) resource re-use.
Proposal 7: Support configuration of extendable bandwidth for CSI-RS for L3 Mobility enabling CSI-RS resource re-use.
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