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Introduction
RAN2 has sent an LS to RAN on CSI-RS for beam management an RRM measurements [1]. A response to two questions has been requested:
Question1: Are the CSI-RS configured for beam management the same as the CSI-RS configured for RRM measurements for L3 mobility?
Question2: Besides being UE-specifically configurable, are the CSI-RS for RRM measurements for L3 mobility also intended to be:
- Cell-specifically configurable and/or 
- Cell-specific and fixed (all UEs can derive the CSI-RS for RRM measurements for L3 mobility from the cell IDs of the serving and neighbor cells) or
- are multiple options foreseen?
The relevant RAN1 agreements prompting these questions are as follows:
Agreement #1:
· 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
Agreement #2:
· 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
Agreement #3:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead
· Detection of neighbor cell for measurement is based on NR-SS

In this contribution, we provide our view on the two questions posed by RAN2.
[bookmark: _Ref178064866]Discussion
Question 1
According to Agreement #1, the CSI-RS design for CONNECTED mode RRM measurement for L3 mobility based on CSI-RS should reuse the CSI-RS design for beam management as a baseline. However, it is FFS to identify potential additional requirements to support L3 mobility. Figure 1 shows an exemplary configuration of CSI-RS used for beam management. In this example, a frequency “comb” is configured in 8 consecutive OFDM symbols. Each OFDM symbol, for example, could correspond to a different gNB Tx beam in a beam sweep (see Figure 2). The UE evaluates each Tx beam, e.g., through measurement of RSRP, and feeds back an index corresponding to the best Tx beam. A comb structure is beneficial for at least two reasons: (1) as a general means to control the CSI-RS overhead and UE measurement granularity by appropriate configuration of the comb repetition factor (RPF), and (2) to create an IFDMA pattern whereby the REs in between CSI-RS REs are set to zero. With the latter structure, the time domain waveform repeats RPF times within one OFDM symbol which allows the UE several opportunities within a symbol to adjust its Rx beam knowing that the gNB keeps its Tx beam fixed.
For beam management, it is foreseen that NR will typically rely on aperiodic transmission of CSI-RS. The presence of these CSI-RS transmissions will be indicated to the UE via DCI. For some beam management procedures, periodic CSI-RS allocations may be applicable.
CSI-RS for beam management are typically aperiodically scheduled to a UE, on a need basis
For reliable RRM measurements to support CONNECTED mode L3 mobility, the resource element (RE) allocation will depend on the deployment – the number of candidate beams to be evaluated, channel variations in time and frequency, the link budget, etc. In our view, the same comb structure as in Figure 1 is well suited also for RRM measurements for mobility. It allows one to minimize the overhead per beam, and it allows flexible allocation of the minimum required number of REs per beam measurement signal, while maximizing the frequency span for efficient averaging over fast fading. If needed, the same IFDM approach as for beam management could be used in the CONNECTED mode mobility context to allow analog UE Rx beam sweeping within an OFDM symbol., it 
For RRM measurements, the most likely realization is periodic/semi-persistent transmission of CSI-RS as shown in Figure 2, in contrast to an aperiodic scheduling of CSI-RS as is typical for beam management. Periodic/semi-persistent CSI-RS allows for robust handover into a target cell by providing regular measurement opportunities. While we propose that the CSI-RS be UE-specifically configured, the same configuration can be shared by multiple UEs in a cell. The configuration consists primarily of a periodicity and and a slot offset, such that the UE knows where to find the CSI-RSs in the time/frequency grid.
An important difference of RRM measurements compared to BM measurements is that, in some scenarios, the set of beam identities (e.g., realized by different CSI-RS sequence seeds) may not be known to the UE. In such cases, RRM measurement takes on a blind search nature where the UE attempts detecting all possible sequences, or at least a large, NW-specifically configured subset of such a search space. Furthermore, the CSI-RS signal space, should in general, be capable of representing both the cell ID or partial cell ID and a beam ID within the cell. The RRM measurement procedure by the UE then entails detecting and evaluating the quality of CSI-RS signals in the search space, and reporting some of the detected beam+cell IDs and their estimated signal qualities based on configured reporting events and/or procedures. Clearly, while both beam management and RRM measurement for CONNECTED mode mobility may share a common structure in the time/frequency grid (as exemplified in Figure 1), the logical meaning of the seeds used to generate the random CSI-RS sequences may be different.
Based on the above discussion, we propose the following answer to Question 1:
[bookmark: _Toc481774210][bookmark: _Toc481774380][bookmark: _Toc481535987][bookmark: _Toc481614901][bookmark: _Toc481770404][bookmark: _Toc481774211]The CSI-RS resources for supporting beam management and RRM measurement for CONNECTED mode L3 mobility at least share a common physical layer design for the RE mapping pattern in the time/frequency grid. Where the CSI-RS resources differ for the two purposes is as follows:
i. [bookmark: _Toc481774381][bookmark: _Toc481774212]For beam management, the CSI-RS resources are often scheduled in an aperiodic manner, the resources are UE specific and completely deterministic, and the UE is configured to report from a small set of known resources.
ii. [bookmark: _Toc481774382]For RRM measurement, the CSI-RS resources are transmitted in a periodic/semi-persistent manner, the resources are shared amongst UEs and are partially deterministic, and a UE reports based on a very large set of possible resources.
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[bookmark: _Ref481525528]Figure 1: Exemplary CSI-RS structure for beam management consisting of a comb pattern in frequency with repetition factor RPF = 4. In this example, CSI-RS is configured in 8 consecutive OFDM symbols. Each OFDM symbol, for example, could correspond to a different gNB Tx beam in a beam sweep.
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[bookmark: _Ref480810679]Figure 2: CSI-RS for CONNECTED mode L3 mobility. The different colors represent different beams transmitted, e.g., in a beam sweeping manner.
Question 2
For RRM measurement to support CONNECTED mode mobility, Question 2 asks whether or not there is a need for a cell-specifically configured CSI-RS in addition to a UE-specifically configured CSI-RS (configured via dedicated RRC signalling) as stated in Agreement #2. It is our understanding that cell-specific configuration means that the UE obtains the CSI-RS configuration from a broadcast message, e.g., MIB, SIB.
Our view is that cell-specific CSI-RS configuration is not needed, and that UE specific configuration is sufficient and more flexible for the following reasons:
· Cell-specific configuration of CSI-RS may result in an “always-on” signal
· Since UE-specifically configured CSI-RS is already supported as per Agreement #2, and since either all or a subset of UEs in a cell may be configured with a common CSI-RS, cell-specific configuration does not appear to introduce any advantages. Although it is could possible to turn off a cell-specific CSI-RS in principle, it would be undesirable to do that in practice, since UEs must be notified of system information updates through paging.
· CSI-RS signal is already available for RRM measurements for UEs in CONNECTED mode
· As per Agreements #2 and #3 and shown in Figure 2, a UE-specifically configured CSI-RS can be configured to support L3 CONNECTED mode mobility. The UE may receive the CSI-RS configuration via dedicated signalling very early in the configuration procedure to fulfil any relevant requirements in CONNECTED mode.
· Cell-specific CSI-RS configuration only provides very limited flexibility
· For a UE-specifically configured CSI-RS, there is a large configuration flexibility, as described by the CSI-RS framework. In contrast, if configured via MIB,SIB, only an extremely limited set of configurations could be supported, and it is unrealistic to assume that it is possible to design, let alone agree on, a scheme that provides sufficient flexibility.
· Cell-specific configuration may result in higher UE measurement effort

As part of its cell reselection procedure in IDLE mode, the UE performs measurements on the SS block. If cell-specific CSI-RS was also available to UEs in IDLE mode, the UE would also need to continuously monitor the cell-specifically configured CSI-RS, creating additional battery drain.
[bookmark: _GoBack]Based on the above discussion, we propose the following answer to Question 2:
[bookmark: _Toc480831022][bookmark: _Toc481535988][bookmark: _Toc481614902][bookmark: _Toc481770405][bookmark: _Toc481774213][bookmark: _Toc481774383]For RRM measurement to support CONNECTED mode L3 mobility, CSI-RS is only UE-specifically configured with dedicated RRC signalling. 
We note that the questions raised concerns RRM measurements for L3 mobility. We interpret this as L3 mobility in CONNECTED mode, and have argued based on that understanding. For completeness, we also remark that CSI-RS is not to be used for L3 mobility, i.e., cell reselection in IDLE or RRC_INACTIVE: only the signals in the SS blocks should be used for cell reselection according to agreements.
Conclusions
Based on the discussion in this contribution we propose the following answers to question 1 and 2:
Proposal 1	The CSI-RS resources for supporting beam management and RRM measurement for CONNECTED mode L3 mobility at least share a common physical layer design for the RE mapping pattern in the time/frequency grid. Where the CSI-RS resources differ for the two purposes is as follows:
i. 	For beam management, the CSI-RS resources are often scheduled in an aperiodic manner, the resources are UE specific and completely deterministic, and the UE is configured to report from a small set of known resources.
ii.	For RRM measurement, the CSI-RS resources are transmitted in a periodic/semi-persistent manner, the resources are shared amongst UEs and are partially deterministic, and a UE reports based on a very large set of possible resources.
Proposal 2	For RRM measurement to support CONNECTED mode L3 mobility, CSI-RS is only UE-specifically configured with dedicated RRC signalling.
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