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1	Introduction
RAN WG3 has sent the LS to RAN WG1 and RAN WG2 concerning the exchange of CSI-RS configurations over Xn for the purpose of CSI-RS-based inter-node handover [1]. The following clarification has been requested from RAN WG2:
	Questions to RAN2:
· How does a serving NG-RAN node configure CSI-RS measurements of neighbour cells in its served UEs? Are CSI-RS allocated per UE or per cell? 




This issue has been briefly discussed at RAN2#106 and even a draft response LS to RAN WG3 has been prepared [2]. However, companies in RAN WG2 believed the topic is not urgent and can be further discussed at RAN2#107. This TDoc constitutes our input to this interesting dispute.
2	Discussion
2.1 What kind of problems can be identified?
In NR Rel-15 it has been decided that inter-cell mobility can be based either on SSBs or CSI-RSs. While the use of former is already fully designed and rather well-understood, the latter is still being finalized (e.g. in 3GPP RAN WG4 by defining RRM requirements for CSI-RS based L3 mobility). Not only RAN WG4 works on CSI-RS framework, but also RAN WG3 tries to understand all implications resulting from the decision to use CSI-RS for inter-node measurements and mobility. The Liaison Statement in [1] is a result thereof.
The CSI-RS framework defined in RAN WG2, described in [3] and [4], allows to use CSI-RSs for measuring neighbouring cells and triggering mobility events, e.g. handovers. The UE may be configured to measure specific CSI-RS resources, belonging to various cells, use relevant parameters to obtain the averaged, cell-level metric and send the measurement report to the network (NW). This sounds perfectly simple when analysed in isolation, without considering the difficulty of deciding which CSI-RSs to configure for each particular UE, especially with respect to those CSI-RSs belonging to neighbouring cells. 
Observation 1: CSI-RSs are UE-specific and configured via dedicated signalling. This implies an excessive level of coordination for CSI-RS resources belonging to neighbouring cells if the configuration is expected to be updated along with UE’s motion.  
CSI-RSs are usually associated with narrow beams (“thinner” than those for SSBs) and can be turned on/off. This potentially suggests their relatively short temporal availability and relevance for particular users/UE locations. It would be the most optimal if the NW activates a subset of CSI-RSs (and configures them to the users) only when there are UEs moving towards that cell, likely entering the coverage area of those CSI-RSs. Obviously, these CSI-RSs may be already activated when they serve also other cell’s users (while that cell is not empty and schedules on CSI-RSs). The mode of operation described above would require the UE to detect when it is approaching the cell border and only then NW would request such UE to measure relevant CSI-RSs from the neighbouring cell(s). This depicts the ideal scenario, which, however, appears to be challenging for implementation in genuine deployments. 
Observation 2: Ideally the UE shall measure the CSI-RSs from neighbouring cells only when the UE approaches/moves towards the cell border. 
The consequence of Observation 2 is that there would have to be a periodic/continuous measurement reporting from the UE to the network and on such basis the NW would have to decide when is the right time to activate certain set of CSI-RSs and configure the UE to measure these. Furthermore, such mechanism would have to reliably differentiate slow users from fast users to make sure the configurations are timely delivered to the UEs. In fact, such inter-node coordination of CSI-RS resources may be infeasible for UEs in high mobility state, due to its inherent latency.
Observation 3: Inter-node CSI-RS coordination may be infeasible for rapidly moving UEs.
As a result of what is stated in Observation 3, the entire CSI-RSs for inter-node mobility framework could be useful in reliable manner just for the slowly-moving users, assuming such UEs can be correctly identified within the entire population of UEs. 
Observation 4: It is not straightforward to distinguish slow- and fast-moving users.  
From NW’s point of view, dynamic characteristics of CSI-RSs for L3 mobility can be understood in a way that those are UE-specific and possibly reconfigured individually. However, CSI-RSs could be relatively static from cell’s perspective (e.g. not dynamically turned on/off, following individual UE’s motion pattern). 
Observation 5: Dynamic characteristic of CSI-RSs does not mean the NW follows individual UE’s motion for turning on/off. CSI-RSs for L3 mobility are UE-specific, reconfigurable, but semi-static from NW point of view. 
2.2 How these issues can be addressed?
One of the “simplest” remedies to consider is to always configure the UE with both SSBs and CSI-RSs for each cell/frequency to be measured. This is theoretically possible, as per the specified measurement framework in RAN2 [3]:
CSI-RS-ResourceConfigMobility ::=   SEQUENCE {
    subcarrierSpacing                   SubcarrierSpacing,
    csi-RS-CellList-Mobility            SEQUENCE (SIZE (1..maxNrofCSI-RS-CellsRRM)) OF CSI-RS-CellMobility,
    ... ,
    [[
    refServCellIndex-v1530              ServCellIndex                                                           OPTIONAL    -- Need S
    ]]


}

CSI-RS-CellMobility ::=             SEQUENCE {
    cellId                              PhysCellId,
    csi-rs-MeasurementBW                SEQUENCE {
        nrofPRBs                            ENUMERATED { size24, size48, size96, size192, size264},
        startPRB                            INTEGER(0..2169)
    },
    density                             ENUMERATED {d1,d3}                                                      OPTIONAL,   -- Need R
    csi-rs-ResourceList-Mobility        SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM)) OF CSI-RS-Resource-Mobility
}

Each Measurement Object (MO) can have up to 96 (maxNrofCSI-RS-CellsRRM) cells listed for CSI-RS measurements and each cell can have a list of up to 96 CSI-RS resources to be measured (maxNrofCSI-RS-ResourcesRRM). This leads to the theoretical, whopping amount of 96 x 96 = 9216 CSI-RS resources that may be configured per single MO! Of course, this is again analysed in isolation (i.e. with just RAN WG2 specification in mind), without considering, e.g. RRM requirements defined by RAN WG4, standardizing up to how many CSI-RSs the UE shall be capable of measuring simultaneously. Nevertheless, even if the number is significantly smaller, it is still a considerable challenge, both to the NW and UE side, to transmit/monitor numerous CSI-RS resources from multiple potential candidate target cells.
Observation 6: Configuring the UE to measure simultaneously SSBs and CSI-RS from all neighbouring cells (i.e. potential candidate target cells) is non-optimal, troublesome or even infeasible to both the UE and network side.
Thus, taking what has been expressed above into consideration, the most optimal way would be to adopt a two-step approach, wherein the UE is initially configured to measure neighbouring cell’s SSBs (which are anyway always “on”). Then, based on related measurement reports, the source cell requests several identified neighbouring cells to provide corresponding CSI-RS resource IDs and activate these resources (if not active at the time of responding to such request). As already observed above, such scheme may work well, but likely for slowly-moving UEs alone, as it involves a sequence of time-consuming steps to be executed. Moreover, such two-step mode of operation likely requires early measurement reporting, so that the NW still has sufficient time to coordinate between the nodes and configure/activate relevant CSI-RS resources for the ultimate phase of UE measurements, prior to the actual HO preparation/execution. 
On the other hand, there may be several gains of using “narrower beams” (CSI-RSs), such as higher throughput for individual users or decreased risk of RLF. Besides that, the UE may be already configured with dedicated Random Access (RA) resources per narrower beam, instead of using SSB-based approach. Eventually, it is worth noting the CSI-RSs can occupy larger bandwidth than SSBs. As a result, can serve as better indicator of the instantaneous channel quality.  
To summarize this subparagraph, we propose the following:
Proposal 1: RAN2 considers using the CSI-RS resources for inter-node mobility, following the two-step approach, where neighbouring cells are initially measured based on SSBs, which in turn allows to configure relevant CSI-RSs.
Proposal 2: RAN2 is asked to consider the possible impact of adopting Proposal 1, such as the need to measure and report early enough to ensure inter-node coordination or the need to differentiate slow and fast-moving users.  
It shall be noted, however, that the rules for CSI-RS inter-node exchange for the purpose of e.g. ANR may be different than those for inter-node mobility, due to the more static use of such exchanged information. Inter-node CSI-RSs exchange can also help in resolving PCI ambiguity.  
Observation 7: Inter-node CSI-RS information exchange may be helpful for other purposes, such as resolving PCI ambiguity or for ANR. 
2.3 What shall be responded to RAN WG3?
[bookmark: _GoBack]We appreciate that RAN WG1 went extra-mile and addressed even the question directed exclusively to RAN WG2 in their response LS [5]. However, we still believe it would be fair not to ignore the LS from RAN WG3 and provide RAN WG2 reply. We think the draft LS which resulted from the RAN2#106 offline discussion (submitted in [2]) was already in pretty good shape. We have submitted our proposal in [6], wherein we respond to RAN WG3’s question (just the one intended for RAN WG2) and provide some more background on the CSI-RS resource configuration. 
Proposal 3: RAN WG2 is asked to discuss the content and approve the response LS to RAN WG3. Draft available in [6].   
3	Conclusion
This paper elaborated on CSI-RS resources for inter-node mobility in NR. The following observations and proposals have been made:
Observation 1: CSI-RSs are UE-specific and configured via dedicated signalling. This implies an excessive level of coordination for CSI-RS resources belonging to neighbouring cells if the configuration is expected to be updated along with UE’s motion.  
Observation 2: Ideally the UE shall measure the CSI-RSs from neighbouring cells only when the UE approaches/moves towards the cell border. 
Observation 3: Inter-node CSI-RS coordination may be infeasible for rapidly moving UEs.
Observation 4: It is not straightforward to distinguish slow- and fast-moving users.  
Observation 5: Dynamic characteristic of CSI-RSs does not mean the NW follows individual UE’s motion for turning on/off. CSI-RSs for L3 mobility are UE-specific, reconfigurable, but semi-static from NW point of view. 
Observation 6: Configuring the UE to measure simultaneously SSBs and CSI-RS from all neighbouring cells (i.e. potential candidate target cells) is non-optimal, troublesome or even infeasible to both the UE and network side.
Proposal 1: RAN2 considers using the CSI-RS resources for inter-node mobility, following the two-step approach, where neighbouring cells are initially measured based on SSBs, which in turn allows to configure relevant CSI-RSs.
Proposal 2: RAN2 is asked to consider the possible impact of adopting Proposal 1, such as the need to measure and report early enough to ensure inter-node coordination or the need to differentiate slow and fast-moving users.
Observation 7: Inter-node CSI-RS information exchange may be helpful for other purposes, such as resolving PCI ambiguity or for ANR. 
Proposal 3: RAN WG2 is asked to discuss the content and approve the response LS to RAN WG3. Draft available in [6].   
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