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[bookmark: _Ref460855997]Introduction
At RAN2#95bis meeting, the following agreements related to DL-based mobility in RRC_CONNECTED were made:
Agreements for DL-based mobility in RRC_CONNECTED mode (optimized for data transmission, at least for network-controlled mobility) mobility with RRC involvement, concerning beams and the relation to the NR cell definition:

1. UE at least measures one or more individual beams and gNB should have mechanisms to consider those beams to perform HO. Note: This is necessary at least to trigger inter-gNB handovers and to optimize HO ping-pongs / HO failures.
–	FFS: whether UE report individual and/or combined quality of multiple beams

2. UE should be able to distinguish between the beams from its serving cell and beams from non-serving cells for RRM measurements in active mobility. UE should be able to determine if a beam is from its serving cell.
–	FFS whether serving/non serving cell may be termed 'serving/non serving set of beam)
–	FFS: whether the UE is informed via dedicated signalling or implicitly detected by the UE based on some broadcast signals.
-	FFS how the cell in connected relates to the cell in idle

3. 	Study how to derive a cell quality based on measurements from individual beams

4. 	In connected mode, intra-cell mobility can be handled by mobility without RRC involvement. 
-FFS whether there may be cases that do require RRC involvement.

5	UE should be able to identify a beam. FFS how beams are identified (to be defined by RAN1)

In this contribution we specifically aim at answering the highlighted FFS above regarding the possibility for the UE to reuse available broadcasted signals in support of Connected state mobility measurements. More specifically, an underlying question is whether UE can “reuse” available signals primarily designed for Idle state mobility including cell search, acquisition and reselection. We first list such available signals and, based on the Connected state mobility requirements, assess how and which signals should the UE search for in Connected state.
Discussion
[bookmark: _Ref465870863]Existing broadcast signals for idle state 
RAN1 defined two DL synchronization signals used to identify an NR cell, at least in Idle state (extract of RAN1 agreements):
· “NR-PSS at least for initial symbol boundary synchronization to the NR cell”
· “NR-SSS for detection of NR cell ID or at least part of NR cell ID”.
· RAN1 further assumes that “NR cell corresponds to one or multiple TRP(s)”.
And similar to LTE, it is expected, from earlier RAN1 agreements, that such synchronization signals provide mean to access the system information broadcasted in the cell. As a result, such cell shows lot of commonalities with the legacy LTE cell, at least for idle state. Note in the rest of this document we always refer to this “Idle state” cell identified by NR-PSS/NR-SSS when using the term “cell”[footnoteRef:1].  [1:  Our companion contribution [1] further elaborates on the relationship between both NR cells as discussed so far in RAN1 and RAN2 in the context of Idle state and Connected state mobility respectively.] 

However, the discussions in both RAN1 and RAN2 WGs also assume quite new types of deployments for NR where a cell (at least as defined in Idle state) includes multiple TRPs and where beamforming is an essential transmission scheme in high frequency (HF) bands. In this context one primary issue is the poor coverage associated with HF transmissions. Three types of broadcast methods for the cell-level common channels (e.g. PBCH) and signals (NR-PSS/NR-SSS) have been discussed so far in RAN2, to cope with this issue:
· Single frequency network (SFN) broadcast [3]
The SFN case is simpler from the UE perspective as the NR-PSS/NR-SSS tracking and monitoring is done continuously and transparently (TRPs are not visible). As discussed in [3], the simultaneous transmissions of the same signal from multiple TRPs, optionally also involving repetition in time, provides a significant gain compared to single-transmission schemes. But of course it assumes a cell is necessarily formed with several TRPs. SFN provides seamless blanket coverage across TRPs, which UE cannot distinguish individually. 
· LF-assisted broadcast
This solution makes use of one or more overlaid node(s) operating in LF and broadcasting the cell-level common channels and signals on behalf of the HF layer nodes across the cell. Idle UE is expected to camp on the LF layer only [2]. 
· Beam sweeping
The beam sweeping method is the most generic solution to compensate for the coverage loss in HF, as it can be used on single-TRP single (HF) frequency layer standalone deployment. However, although transparent to the UE, it requires it to re-synchronize as soon as the best beam changes, which can occur quite frequently with narrow beams. In addition the search cycle might take longer to account for the beam sweeping cycle. As a result, once camping on a cell, it is expected that the UE would re-run the complete DL synchronization procedure on each DRX active period to check it is still in the same cell, which is less power friendly than the SFN case or LF-assist solutions.
Since each method has its benefit and disadvantage, we think operators should have the flexibility to choose which to use according to the cell deployment scenario.
Proposal 1: In a high frequency deployment, it should be possible to broadcast the cell-level common signals and channels through single frequency network (SFN), low-frequency assist or beam-sweeping methods.
Since by definition, NR-PSS/NR-SSS is common across the cell, it lets individual HF TRP/beams invisible to the UE, irrespective of the broadcast method.
Observation 1: In a multi-TRP/beam cell, NR-PSS/NR-SSS lets individual HF TRP/beams invisible to the UE, irrespective of the broadcast method.
However, as further discussed in our companion contribution [3], the idle state UE will still need to identify individual TRP/beams, at least to start or complete a random access procedure. As a result, an additional DL synchronization signal is needed at “sub-cell” level to distinguish TRP/beams from the same cell.
Proposal 2: A TRP/beam-specific DL synchronization signal (SS) is used, on top of the existing NR-PSS/NR-SSS, to distinguish TRP/beams in a given cell.
Since the TRP/beam-specific SS is primarily used in support Idle state procedure (at least for executing a random access), it is expected that the UE has already acquired NR-PSS/NR-SSS when it start searching for the best TRP/beam-specific SS.
DL signals requirements in support of Connected state mobility 
In RAN2#94 meeting, RAN2 defined two levels of mobility in Connected state: with and without RRC involvement. It is expected that when mobility is handled without RRC involvement the UE mobility is controlled by MAC/PHY within a set of TRP/beams. The UE is RRC-configured in first place with an associated set of RSs to monitor/measure and report. Mobility can then be reduced to dynamic TRP/beam selection by MAC/PHY. It is further expected that UE needs to search autonomously for neighbour beams outside the serving set of TRP/beams for reporting measurements to gNB potentially triggering a reconfiguration of the serving beams. When the configured serving set of beams for a UE is smaller than the total available beams in the cell (which otherwise could quickly be overkill), then UE can easily derive, as in Idle state, how/where to search for TRP/beam-specific SS in that cell. As a result, it looks straightforward to assume that the TRP/beam-specific SS available at least in support of Idle state RACH can also be used by a Connected state UE for monitoring and reporting TRP/beams outside the serving set of TRP/beams.
Proposal 3: TRP/beam-specific DL synchronization signal (SS) used in Idle state can be reused by a Connected state UE for monitoring and reporting intra-cell TRP/beams outside the serving set of TRP/beams.
Note that even if broadcasted through beam sweeping, NR-PSS/NR-SSS alone cannot be of any help for that purpose since they only allow cell-level identification and disallow identifying distinct TRP/beams. 
The UE further needs to detect/monitor neighbour beams from neighbour cells. One first question is: can it reuse NR-PSS/NR-SSS for this purpose?
As discussed in Section 2.1, in some deployment scenarios, NR-PSS/NR-SSS might only be available through SFN or LF-assist broadcast. Clearly, LF-assist broadcast does not give the UE any indication of the link quality it can expect from the associated overlaid HF TRPs. Similarly, the SFN broadcast is expected to provide a significant SNR gain within the broadcast area due to the additive power effect of surrounding TRPs. However this effect is expected to be less significant outside the SFN area where SFN broadcast is therefore likely to provide less coverage gain than the beam sweeping counterpart. Moreover, unlike in Idle state where the main concern is power saving, a Connected state UE is expected to experience high data rate transmissions offered by wideband beamformed HF radio links. Thus, beamformed synchronization signals are better suited to provide relevant mobility measurements to Connected state UEs. As a result, non-UE dedicated synchronization signals in support of inter-cell mobility measurements in HF bands should be broadcasted through beam sweeping to provide a better mobility performance.
Observation 2: Non-UE dedicated synchronization signals in support of inter-cell mobility measurements in Connected state in HF bands should be broadcasted through beam sweeping to provide a better mobility performance.
From the above observation, it results that, in high frequency deployments, NR-PSS/NR-SSS can be reused by a Connected state UE for monitoring and reporting TRP/beams outside the serving cell only when it is delivered through beam sweeping. 
Proposal 4: In a high frequency deployment, NR-PSS/NR-SSS, when delivered through beam sweeping, can be used by a Connected state UE for monitoring and reporting TRP/beams outside the serving cell.
Otherwise, similar to the intra-cell case, existing TRP/beam-specific SS available at least in support of Idle state should also be used by a Connected state UE for monitoring and reporting TRP/beams outside the serving cell. It is expected that the information whether NR-PSS/NR-SSS is beam swept in neighbour cells could be provided as system information in serving cell. One key difference though is that UE has no a-priori knowledge of the neighbour cell ID the TRP/beam-specific SS belongs to and, unlike in Idle state or for the intra-cell Connected state case, cannot derive from the cell ID how/where to search for the TRP/beam-specific SSs belonging to that cell. Several options can be investigated to address this issue:
1. Option1: Global unique allocation of TRP/beam-specific SSs across large area involving multiple gNBs
2. Option 2: Linkage of TRP/beam-specific SS with cell ID (FFS detailed design and feasibility by RAN1)
a. gNB provides UE with neighbor cell ID list
b. neighbor cell list not provided to the UE, which performs blind detection
Option 1 is simpler in terms of RAN1 design and does not require providing any neighboring cell list to the UE. However it has the following drawbacks:
· It requires coordination at TRP/beam SS level across gNBs
· UE only sees neighboring TRP/beam SS and cannot distinguish cells so cannot perform any cell-grouping/filtering
· A large amount of sequences is required resulting in a long detection time
Therefore this option does not look attractive at first glance. Option 2 looks more attractive especially if the linkage method to retrieve the cell ID from the TRP/beam-specific SS use the same design as that used in Idle state to derive TRP/beam-specific SS search space from the cell ID. However, Option 2 heavily relies on RAN1 expertise, and should be further discussed with them.
In conclusion, similar or same TRP/beam-specific SS as the one used in Idle state and derived from the cell ID should be used in support of Connected state mobility at least when NR-PSS/NR-SSS is not delivered through beam sweeping in neighbor cells. The Connected state UE should be able to retrieve the belonging cell ID of such detected TRP/beam-specific SS. 
Proposal 5: Similar or same TRP/beam-specific SS as the one used in Idle state should be used in support of Connected state mobility at least when NR-PSS/NR-SSS is not delivered through beam sweeping in neighbor cells.
Proposal 6: The Connected state UE should be able to retrieve the belonging cell ID of a detected TRP/beam-specific SS. FFS feasibility and design in RAN1.
Proposal 7: RAN2 is asked to discuss the above requirements and share them with RAN1 for feasibility analysis.
Conclusion
This contribution analyzes the feasibility to reuse existing DL synchronization signal already available in support of Idle state procedures for Connected state mobility. It results in the following observations and proposal:
Proposal 1: In a high frequency deployment, it should be possible to broadcast the cell-level common signals and channels through single frequency network (SFN), low-frequency assist or beam-sweeping methods.
Observation 1: In a multi-TRP/beam cell, NR-PSS/NR-SSS lets individual HF TRP/beams invisible to the UE, irrespective of the broadcast method.
Proposal 2: A TRP/beam-specific DL synchronization signal (SS) is used, on top of the existing NR-PSS/NR-SSS, to distinguish TRP/beams in a given cell.
Proposal 3: TRP/beam-specific DL synchronization signal (SS) used in Idle state can be reused by a Connected state UE for monitoring and reporting intra-cell TRP/beams outside the serving set of TRP/beams.
Proposal 4: NR-PSS/NR-SSS, when delivered through beam sweeping, can be used by a Connected state UE for monitoring and reporting TRP/beams outside the serving cell.
Proposal 5: Similar or same TRP/beam-specific SS as the one used in Idle state should be used in support of Connected state mobility at least when NR-PSS/NR-SSS is not delivered through beam sweeping in neighbor cells.
Proposal 6: The Connected state UE should be able to retrieve the belonging cell ID of a detected TRP/beam-specific SS. FFS feasibility and design in RAN1.
Proposal 7: RAN2 is asked to discuss the above requirements and share them with RAN1 for feasibility analysis.
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