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1. Introduction
RAN2 had some limited discussion about the use of CSI RS for different purposes, as this affects to how to configure the CSI-RS. RAN2 in particular decided to request RAN1 input regarding whether the CSI-RS configured for beam management are the same as the CSI-RS configured for RRM measurements for L3 mobility.
RAN4 has requested RAN1 to provide the following parameters related to the RS used for RRM procedures by the end of the June meeting:
· Reference signals to be used for RRM including mobility, radio link monitoring, transmit timing on NR uplink serving cell, and beam management.
· Radio link monitoring associated control channel and/or NR-PDSCH design
· In LTE case, RLM associated PDCCH. Corresponding NR channel would be required
In this contribution we investigate which network configuration options NR REL-15 should support. We also cover purposes other than beam management and RRM measurements for L3 mobility e.g. beam/ radio problem detection, reconfiguration of the CSI RS beam management, etc.. 
2. Discussion
1 
2 
Configuration options for CSI-RS
Regarding configuration options for CSI-RS, there are two distinct aspects i.e. i) whether the same configuration parameters apply and ii) whether the actual same RS (i.e. time/ frequency domain) are to be used/ measured. Regarding parameterisation, we see the following options:
· Alt a: The same set of parameters is used for all the use cases
· Alt b: A distinct set of parameters is used for each use case
· Alt c: The parameters consist of a common unified basic set of parameters (applicable for all use cases) and some additions that may be used for specific use cases only.
Regarding the usage/ measurement of the actual RS (i.e. time/ frequency domain), some of the network configuration options in relation to different use cases of CSI-RS are:
· Alt 1: The same CSI-RS are used for all the use cases
· Alt 2: Completely different CSI-RS are used for different use cases
· Alt 3: A mixture, i.e. some CSI-RS are common or applicable to all the use cases, while there may be additional CSI-RS applicable for specific use cases only.
We understand that the RAN2 is interested to know about the both aspects, as both affect the high level signalling structure. Although the first aspect may be difficult to conclude at this stage, it would nevertheless good for RAN2 to know which parameterisation alternative RAN1 expects to happen/ intends to aim for.
We assume standards should provide sufficient network implementation flexibility without unnecessarily increasing network complexity. We think that a solution along the lines of Alt c/Alt 3 provides a reasonable balance, but we can further discuss on how much separate configurability is essential.
Proposal 1: CSI-RS configuration should be designed according to:
· A common unified base CSI-RS configuration is designed, so that it is applicable for all the use cases. Separate additional components designed for different use cases may be appended to the base CSI-RS configuration.
RS used for RRM related procedures
Table 1 summarizes the RS used for RRM related procedures, e.g., beam management P1/P2/P3, beam failure detection, RLF detection, L3 mobility. 
For these different use cases, CSI-RS seems to be universally applicable when the CSI-RS is configured. SS blocks, on the other hand, should also be applicable for L3 mobility and RLF detection; however the applicability or necessity of using the SS blocks for the BM use cases requires more study, given that CSI-RS can already be used for these use cases and provide more flexibility in terms of number of beams and beam patterns. 
The measurements based on CSI-RS and SS blocks shall not be mixed; and henceforth only a single type of RS should be able to be used for a given use case. 
Table 1. RS used for RRM related procedures
	Purpose
	Required configuration/
detection speed
	Beam characteristics
	SS and/or  CSI-RS
	Remarks

	Serving only

	Beam management P-2/P-3 (scheduling/ beam refinement at physical layer)
	Fast
	Dedicated, limited coverage
	CSI-RS
	 

	Beam failure detection
	Fast
	Dedicated, limited coverage
	CSI-RS
	Problem detection and recovery may be limited to UE specific beams

	RLF detection
	Medium
	Cell specific, wider coverage
	Either
	Recovery may be limited to common/ cell specific beams. Problem detection could be based on common beams (i.e. less fast)

	Serving  & neighbour

	RRM for RRC involved inter-cell mobility
	Medium
	Cell specific, wider coverage
	Either
	Should facilitate fair comparison between cells

	Reconfiguration of the RS used for beam management while UE moves within the cell (e.g. to another TP)
	Medium/Fast
	Cell specific, wider coverage
	CSI-RS
	Should facilitate fair comparison between cell sections (e.g. TP coverage areas)

	Beam management P-1 (Initial beam alignment upon connection establishment/ following HO)
	Medium
	Cell specific, wider coverage
	CSI-RS
	Given delays between measurement feedback/ reporting and actual use, no need for fine alignment. However, useful only if finer than what can be done during RA



Proposal 2: It is proposed to use the following RS for the different mobility-related use cases of the CSI-RS
· Beam management, beam failure detection – CSI-RS only
· Mobility and RLF – either CSI-RS or SS block
One potential network configuration option
One potential network configuration option of CSI-RS for mobility related operations can be found in Table 2. For the two-stage BF, two resource settings are configured: one for AP-CSI-RS mainly used for beam refinement; and another for SP-CSI-RS mainly used for initial beam selection and mobility. 
Table 2. CSI-RS configuration for different use cases
	Resource setting
	Possible usage
	UE assistance/ measurement reporting/ feedback
	Related mobility procedure/ network configuration
	Remarks

	Resource setting 1 (AP-CSI-RS)
	Beam management/ refinement, scheduling
Serving cell only
	Feedback at physical layer (L1 feedback)
	Control at physical layer

	Fast mechanism based on very frequent measurements but covering few beams/ small area/ few CSI-RS resources (to reduce efforts)

	Resource setting 2 (SP-CSI-RS)
	Beam management, scheduling, Management of set, RRC involved mobility
Serving and possibly neighbour cell (RRC involved mobility, intitial beam alignment)
	Feedback at physical layer (L1 feedback); and also L3 based on triggering
	Control at physical layer, by MAC (e.g. dynamic change of set1 or by RRC (cell change)

	Somewhat slower mechanism based on less frequent measurements (to reduce efforts) but covering more (other) beams/ CSI-RS resources/ larger area



We think that fair comparison between cells (relevant for RRC involved mobility) and cell sections (relevant for RRC involved mobility B) would require the beams to have similar beam characteristics, which suggest these beams would be more cell specific. Altogether we propose:
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3. Conclusions
The proposals of this contribution are re-collected below:
Proposal 1: CSI-RS configuration should be designed according to:
· A common unified base CSI-RS configuration is designed, so that it is applicable for all the use cases. Separate additional components designed for different use cases may be appended to the base CSI-RS configuration.
Proposal 2: It is proposed to use the following RS for the different mobility-related use cases of the CSI-RS
· Beam management, beam failure detection – CSI-RS only
· Mobility and RLF – either CSI-RS or SS block
Proposal 3: Introduce support for two different resource settings: i.e. a) a first one specifying AP-CSI-RS based on which UE provides fast feedback and b) a second one specifying SP-CSI-RS with a more cell specific configuration based on which UE provides somewhat slower feedback

