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In RAN2#96, the following agreements were made: 
Agreements for connected active
1: The scope of the RRM measurement should mainly be to facilitate the RRC driven ‘cell’ level mobility.
2: 	RAN2 working assumption to be confirmed by RAN1: 
	a/ Connected active mode RRM measurement and reporting based on at least the signals used by idle mode RRM measurement should be supported in the NR.
	b/  Additional RS may need to be used for RRM measurement in the connected active mode besides the signals used by idle mode RRM measurement, which is dependent on RAN1’s decision.
3: 	The RRM measurement framework (measurement object, measurement id, reporting config) in LTE as a baseline in NR.

Specifically, agreements 2a and 2b needed further confirmation from RAN1. In the following Ad Hoc meeting on NR, little time was spent on this topic in RAN2, but RAN1 provided further inputs in their response LS in [1] as follows:
	· The following always-on signals are used for RRM measurement for L3 mobility in IDLE mode:
· NR synchronization signal, or
· NR synchronization signal, and additional DM-RS for PBCH if DM-RS is supported for PBCH, or
· Note: How to use DM-RS for RRM measurement is up to UE implementation
· DM-RS for PBCH if DM-RS is supported for PBCH
· Note that down selection will be needed if DM-RS for PBCH is supported
· For CONNECTED mode RRM measurement for L3 mobility, the following RS can be used if needed, in addition to IDLE mode RS:
· FFS: CSI-RS,
· FFS: RS separately designed from CSI-RS
· Note that possibility of multiplexing of wideband RS in SS block is not precluded



The above confirms at least the RAN2 working assumption 2a and RAN2 also made the following interpretation:
=>	RAN2 understanding of the LS is that RAN1 will define some form of additional RS to be used by the UE for RRM measurements in CONNECTED in addition ot the RS(s) available in idle.
=>	RAN2 will study the implications of this agreement on RAN2, for example:
1	Study the inter-gNB coordination required for UE-specific and/or cell-specific additional RSs for RRC_CONNECTED UEs and their usage (e.g. turning on/off BRS/MRSs, scheduling of CSI-RSs, exchange of RS resource allocation, etc.)
2	Study the required RRC configuration and inter-gNB coordination necessary required to map cell ID and the additional RSs if additional RS does not encode cell ID

RAN1 also made the following agreements on this topic as part of the same meeting:
· RSRP(s) can be measured from the IDLE mode RS. 
- One RSRP value is measured from the IDLE mode RS per SS block.
	- FFS: UE measures one RSRP value from multiple SS blocks in an SS burst set 
- The measured values are referred to “SS-block-RSRP” 
		- It is RAN1’s understanding that “SS-block-RSRP” may correspond to the “beam quality” in RAN2 agreements in multi-beam case, at least in IDLE mode. 
· RSRP(s) can be measured from the additional RS for CONNECTED mobility if such additional RS are defined (note that this is not yet agreed in RAN1) 
	- FFS: How to derive RSRP value(s) utilizing the antenna ports and resource(s) of the RS 
	- FFS: Association of the measured qualities in CONNECTED mode to the “beam quality” in RAN2 agreement in CONNECTED mode 
· Note: It is up to RAN2 how to derive cell-level quality from the measured value(s) for L3 mobility
· The additional RS for mobility if defined can be transmitted on multiple beams

From the above, it results that RAN2’s working assumption 2b is yet to be confirmed by RAN1. In any case, the above issues 1 and 2 identified by RAN2 remain valid and should be studied further. In this contribution we aim at addressing those by 1) defining the various deployment scenarios that can be encountered in NR and 2) for each assess pros and cons of the different RRM measurements options.
Discussion
Clarifications on NR-SS and “additional RS” measurements
From the above (and previous) agreements, it is clear that NR-SS denotes NR-PSS/NR-SSS earlier defined in RAN1 as cell-level synchronization signals which are the always-on signals used in idle state during cell selection/reselection. It also is a common understanding that NR-SS, even when transmitted via beam forming, only identifies a cell, but does not identify beams within this cell. And finally, from the working assumption 2a made in RAN2#96 and further confirmed by RAN1 (Section 1), connected state inter-cell mobility reports and handover decisions are triggered from at least NR-SS RRM measurements.
Observation 1: RAN1 and RAN2 agreements so far imply that connected state inter-cell mobility reports and handover decisions are triggered from at least NR-SS RRM measurements. 
Whether additional RS needs to be supported in idle state to identify beams is FFS, however, it is clear that the L1/MAC beam management function intensively discussed in RAN1 and in charge of L1/MAC driven mobility in connected state requires such additional RS to be supported, at least in multi-TRP/beam cell deployments. Hence, the real question is whether those RS need to be visible by L3 in support of inter-cell mobility?
Observation 2: The L1/MAC beam management function in charge of L1/MAC driven mobility in connected state requires additional RS to be supported, at least in multi-TRP/beam cell deployments. Hence, the real question is whether those RS need to be visible by L3 in support of inter-cell mobility?
Furthermore, given the fast and highly dynamic nature of the beam management procedure, and also because it only operates in the MAC/L1 domain, measurements performed on the additional RSs are originally L1 measurements (RSRP) primarily aiming at averaging fast fading. On the other hand, RRM measurements in support of cell selection/reselection or inter-cell handover are much longer term measurements aiming at making safe handover decision not resulting in further ping-pong behavior.
Observation 3: Measurements performed on additional RSs are short-term measurements as opposed to long-term measurements performed on NR-SS.
The need to define a new measurement model for NR was addressed in several contribution e.g. [2][3] and mainly comes from a new function to be introduced: the cell-level value derivation function. Figure 1 provides an example of such measurement model where the cell-level value derivation function is located after L3 filtering, but it could as well be before L2 or L1 filtering. We believe this is stage 3 discussion, however we will comment in the sequel applicability of this new function onto the various deployment scenarios presented in Section 2.2. 


[bookmark: _Ref473735398]Figure 1: Measurement model including cell-level value derivation function from beam measurements
[bookmark: _Ref473735650]Relevant deployment scenarios
In this section, we list the various deployment scenarios that can be encountered in NR and the associated RS/SS requirements in support of connected state mobility:
Scenario 1: LF operation (no beamforming) and single TRP cell:
-> NR-SS plays the very same role as PSS/SSS in LTE.
-> There is no need for any additional RS in support of inter-cell mobility in connected state.
 
Scenario 2: LF operation (no beamforming) and multi-TRP cell: 
-> NR-SS is broadcasted using Single Frequency Network (SFN), TRP-specific RS is broadcasted from its associated TRP. 
-> There is a need to map additional RSs to the various TRPs in the cell.

Scenario 3: HF operation where a cell consists of one or more TRPs implementing beamforming.
-> UE only sees beams and TRPs can be transparent to the UE.
-> Additional RS is mapped onto beams.
-> NR-SS is broadcasted either via SFN (scenario 3a) or beam sweeping (scenario 3b).
-> In an LF-assisted dual frequency layer cell scenario (scenario 3c), NR-SS is only broadcasted in LF. HF TRPs only broadcast additional RS.

All above scenarios should be equally supported by a common set of connected state mobility measurements.

Proposal 1: RRM measurements for connected state mobility should equally support all NR deployment scenarios from single TRP LF cell to multi-TRP HF cell. 
Use of additional RS in support of inter-cell mobility
In this section we analyze, for each scenario in Section 2.2, the need and potential usage of an additional RS in support of inter-cell mobility and assess the need for a cell-level value derivation in the measurement model.

Scenario 1: LTE model applies and RSRP is measured on NR-SS only. As stated above, there is no need for any additional RS in support of inter-cell mobility in connected state, or any cell-level value derivation function in the measurement model.

Scenario 2: neither NR-SS nor TRP RS are beam swept (BS) but since NR-SS is broadcasted via SFN, it should provide a signal gain benefit compared to each individual TRP RS. Therefore, similar to Scenario 1, RRM measurements on NR-SS can be used as the only reference for triggering measurement reports and, at the network side to make handover decisions.

However, as further discussed in our companion contribution [4], it can be helpful to assist the handover procedure with also providing some candidate TRPs to initiate the handover to in the target cell thus optimizing the handover and minimizing the interruption time. Hence, one or more TRP RS measurements should also be performed and piggy-backed in the measurement report along with the cell-level measurement.

Since the additional RSs are measured for the only purpose of assisting the handover, there is no need to compute a cell-level value from a set of additional RS measurements, and so the cell-level value derivation function is not needed either in this scenario.

Scenario 3a (SFN NR-SS + beam sweeping additional RS): this scenario is similar to scenario 2 in that the measurements on the additional RSs mapped onto individual beams are not expected to play a role, on top of the NR-SS RRM measurement, in triggering a measurement report or making a handover decision, except assisting the handover procedure in providing candidate beams for the target cell. Another specific aspect of this scenario though is the potentially higher received signal strength of a good-matching beam from a neighbor TRP compared with the associated neighbor cell-level NR-SS SFN broadcast. In this case, the prior (quick) detection of the neighbor beam can help trigging further longer-term RRM measurement of the belonging cell, i.e. NR-SS. In case of a high signal strength gap between both signals, intra-frequency measurement gaps might need to be provisioned.
NR-SS is not beam-swept hence there is no need for a cell-level value derivation function and both additional RS and NR-SS can use the same (legacy) measurement model as scenario 1 or 2.

Scenario 3b (both NR-SS and additional RS are beam swept): in this case both signals are of same nature, and mapped onto the same beams (SS blocks). The only difference is that NR-SS does not identify a beam (only a cell) while additional (beam) RS does. Since a measurement report trigger should only be based on cell-level quality, the additional RS is not expected to play any role in such decision except, as in scenario 3a, in assisting the handover procedure in providing candidate beams for the target cell. However, unlike in scenario 3a, since NR-SS is beam-swept, it requires the cell-level value derivation function, while the additional RS does not. Hence different measurement models are used for NR-SS and the additional (beam) RS.

Scenario 3c (NR-SS on LF and beam sweeping additional RS in HF): assuming such LF-assisted HF cell is a neighbor cell, it is expected that UE will detect and measure the LF layer first to decide whether to trigger a measurement report. This is because the LF layer is expected to carry the signaling and control plane, so its quality is a key criterion for a handover decision. Hence, additional RS mapped onto HF beams are not expected to play any role in triggering the RRM measurement report on top of NR-SS RRM measurements in this scenario either.

From the above analysis we conclude:
Observation 4: In all NR cell scenarios including, LF and/or HF deployments and single/multi-TRP/beams configurations, RRM measurement report trigger and handover decision can be based on NR-SS RRM measurements only. 

Observation 5: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS should be performed and piggy-backed along with cell-level measurements in the measurement report to assist the handover procedure.

Observation 6: In a multi-TRP/beam cell, where cell-level NR-SS and beam-level additional RS may reflect large received signal strength differences, a (short-term) RRM measurement on additional RS can help in triggering a (longer-term) RRM measurement on the belonging NR-SS, potentially involving intra-frequency measurement gaps.

Observation 7: From observations 4 and 5 it results that the NR RRM measurement model requires a cell-value derivation function only when NR-SS is broadcasted via beam sweeping.

And we can derive the following proposals:
Proposal 1: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS are not involved in the decision to trigger a measurement report on top of NR-SS-based RRM measurements. 
Proposal 2: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS can be piggy-backed along with cell-level measurements in the measurement report to assist the handover procedure. 
Proposal 3: NR RRM measurement model implements a cell-value derivation function only when NR-SS is broadcasted via beam sweeping.
Connected state procedure for detecting neighbor cells
From the above discussion it results that there are two options for detecting a neighbor cell:
Option 1:
· Connected state UE searches neighboring NR-SS only.
· Once neighboring NR-SS is detected and worth triggering a report, UE may complement the measurement with additional RS measurement (mapped onto TRP/beams).
· Additional RS is locally significant (associated to the detected cell). UE derives additional RS resources from NR-SS in the same way as in idle/inactive state, when it needs to perform a RACH.
Option 2:
· Connected state UE searches (via short term measurements) neighboring additional (beam)-RS to trigger further NR-SS long-term measurement (FFS if via intra-frequency measurement gaps)
· Additional RS is globally significant (distinct RS ID among neighboring cells) which requires coordination across gNBs on the configured additional RSs + explicit UE configuration of neighbor additional RSs and their mapping to neighbor cells.
Option 1 is the simplest and is suitable in most scenarios. It does not require much coordination or UE configuration since neighbor cell detection can be fully autonomous at the UE. However, the UE is expected to derive from the neighbor cell itself which additional neighbor RSs (if any) to measure in complement to NR-SS, which might be complex and power-consuming if e.g. it requires reading system information from the neighbor cell. This depends on the procedure for deriving additional RS resources from cell level signals and/or channels, which is RAN1 design. 
Option 2 is for the case where additional RS from neighbor cell may provide a better detection performance than NR-SS of that cell, per observation #6. This option can help in scenario 3a (combination of SFN broadcast of NR-SS and beam sweeping of additional RS) in which case it can speed-up the detection procedure of NR-SS. It requires tight coordination across cells as well as potentially high signaling overhead: UE must be explicitly configured with the potential neighbor additional RSs to search for. As UE moves across the serving cell, the configuration might be updated. On the other hand, from the UE side, it can result in a simpler search procedure since it is configured from its serving cell with all information about neighbor additional RSs and their mapping to neighbor cells. Thus it is neither required to perform blind search of neighboring cells nor acquiring information for detected neighbor RSs.
Other options are also possible but would consist in intermediate choices amongst the above two options that, we believe, represent well two opposite approaches on this topic. From the above, it results that both options have pros and cons, some of which can only be answered by RAN1 e.g. coverage gap between SFN and beam sweeping, UE power impact from deriving additional RS resources from cell level signals and/or channels, etc. However, from our perspective, Option 1 is slightly preferred for its simplicity and under the conditions – to be confirmed by RAN1 -  that 1) it provides sufficient detection performance when NR-SS is broadcasted via SFN and addition RS is beam swept and 2) UE can derive easily from a detected neighbor cell the additional RS(s) to measure further. As a result, we propose to capturing the key requirements highlighted in the above discussion that are relevant from RAN2 perspective, and share them with RAN1 for further feedback.
Proposal 4: Neighbor cell search/detection procedure in NR connected state should meet the following RAN2 requirements:
- minimize the amount of gNB coordination
- minimize the amount of UE signaling in configuring the measurements
- minimize UE’s power consumption in retrieving neighbor cell information from the neighbor cell itself, if ever needed
- provide equal detection performance across all possible cell deployment scenarios, including mixed broadcasting methods of NR-SS (e.g. SFN) and additional RS (e.g. beam sweeping)
- enable additional TRP/beam (short-term) measurements on top of RRM NR-SS measurements in support of handover procedure assistance.
Proposal 5: RAN2 sends an LS to RAN1 sharing the above requirements and requesting associated feedback.
Conclusion
In this contribution, we studied if and how to make use of an additional RS on top of NR-SS in support of inter-cell mobility in connected state and the various options for the associated RRM measurements and neighbor cell detection procedure. The resulting observations and proposals are as follows:
Observation 1: RAN1 and RAN2 agreements so far imply that connected state inter-cell mobility reports and handover decisions are triggered from at least NR-SS RRM measurements. 
Observation 2: The L1/MAC beam management function in charge of L1/MAC driven mobility in connected state requires additional RS to be supported, at least in multi-TRP/beam cell deployments. Hence, the real question is whether those RS need to be visible by L3 in support of inter-cell mobility?
Observation 3: Measurements performed on additional RSs are short-term measurements as opposed to long-term measurements performed on NR-SS.
Observation 4: In all NR cell scenarios including, LF and/or HF deployments and single/multi-TRP/beams configurations, RRM measurement report trigger and handover decision can be based on NR-SS RRM measurements only. 

Observation 5: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS should be performed and piggy-backed along with cell-level measurements in the measurement report to assist the handover procedure.

Observation 6: In a multi-TRP/beam cell, where cell-level NR-SS and beam-level additional RS may reflect large received signal strength differences, a (short-term) RRM measurement on additional RS can help in triggering a (longer-term) RRM measurement on the belonging NR-SS, potentially involving intra-frequency measurement gaps.

Observation 7: From observations 4 and 5 it results that the NR RRM measurement model requires a cell-value derivation function only when NR-SS is broadcasted via beam sweeping.

And we can derive the following proposals:
Proposal 1: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS are not involved in the decision to trigger a measurement report on top of NR-SS-based RRM measurements. 
Proposal 2: In a multi-TRP/beam cell, (short-term) RRM measurements on additional RS can be piggy-backed along with cell-level measurements in the measurement report to assist the handover procedure. 
Proposal 3: NR RRM measurement model implements a cell-value derivation function only when NR-SS is broadcasted via beam sweeping.
Proposal 4: Neighbor cell search/detection procedure in NR connected state should meet the following RAN2 requirements:
- minimize the amount of gNB coordination
- minimize the amount of UE signaling in configuring the measurements
- minimize UE’s power consumption in retrieving neighbor cell information from the neighbor cell itself, if ever needed
- provide equal detection performance across all possible cell deployment scenarios, including mixed broadcasting methods of NR-SS (e.g. SFN) and additional RS (e.g. beam sweeping)
- enable additional TRP/beam (short-term) measurements on top of RRM NR-SS measurements in support of handover procedure assistance.
Proposal 5: RAN2 sends an LS to RAN1 sharing the above requirements and requesting associated feedback.  
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