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[bookmark: _Ref460855997]Introduction
At RAN2#95bis meeting, the following agreements related to NR cell 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:

(...)

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

(...)

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.


In this contribution we specifically aim at answering the highlighted FFS above regarding the relationship between NR cell in Idle state and Connected state. We will refer to both “cells” as Idle state cell and Connected state cell.
Discussion
The NR cell is primarily defined by RAN1 for the Idle state so far and assumes very similar principles as in LTE, i.e. it is identified by two DL synchronization signals, “NR-PSS at least for initial symbol boundary synchronization to the NR cell”, and “NR-SSS for detection of NR cell ID or at least part of NR cell ID” (extract of RAN1 agreements). 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. On the other hand, the NR cell in RAN2 was mainly discussed in the context of Connected state mobility, leading to the following primary agreement captured in RAN2#94 meeting linking the NR cell with the two levels of mobility in Connected state:
Agreements
Two levels of network controlled mobility:
1: RRC driven at 'cell' level.
2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 
FFS what is the definition of a cell

This “definition” was further confirmed in RAN2#95bis meeting with the agreement#4:
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
Clearly, for legacy deployments of e.g. non-overlapping multi-sector macro-cells, it makes sense to keep the simple and well-known cell model where both RAN1 and RAN2 definitions based on Idle state and Connected state respectively lead to the same single cell. Hence, Connected state cell = Idle state cell can be the baseline starting point at least valid for legacy macro cell deployments.
Observation 1: Connected state cell = Idle state cell can be the baseline starting point at least valid for legacy macro cell deployments.
However, the discussions in both RAN1 and RAN2 WGs also assume quite different 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 bands. In this context, it is expected that when intra-cell 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. This approach maximizes chances to meet the 0ms interruption time KPI most of the time within a potentially large area. Compared to LTE, such MAC/PHY controlled mobility within a set of TRP/beams can be viewed as an extension of the CoMP feature.
However, some analysis (Section 4.1 in [1]) show that “for the agreed TRP antenna @ 30GHz, an estimation on the number of BRS beams is close to 50”. Given the resulting potentially huge amount of total possible beams across a multi-TRP (Idle state) cell, it looks overkill to configure a Connected UE with all such beams as its serving set of beams.
Observation 2: It looks overkill to configure a Connected UE with all beams available in a multi-TRP (Idle state) cell as its serving set of beams.
Therefore we still require defining a mobility area defined as the serving set of TRP/beams outside which UE needs to search autonomously for neighbour beams for reporting to gNB potentially triggering a reconfiguration of the serving beams. And at least from UE perspective, it is not clear how these intra-cell neighbour beams measurements need to be specified differently from neighbour (Idle) cell beams measurements. Both are identified with non-UE-specific TRP/beam-specific RS searched autonomously by the UE and are expected to follow the same measurement method. Only report triggers might be different, since a different Qhyst should apply to intra (Idle state) cell measurement reports compared to neighbour cell reports. But assuming those TRP/beam-specific RS allow identifying the (Idle state) cell they belong to, the UE can distinguish between intra and inter-cell beam measurements.
Observation 3: From UE perspective, there is no difference between autonomous search for non-UE-specific TRP/beam-specific RS outside its configured serving set of TRP/beams and outside its (Idle state) cell.
It should also be observed that, similar to some CoMP scenarios, the serving set of TRP/beams can be across multiple (Idle state) cells. We believe it is an important design goal of NR to allow supporting at least the same level of flexibility and performance provided by LTE CoMP features.
Observation 4: Similar to some CoMP scenarios, the serving set of TRP/beams can be across multiple (Idle state) cells.
Now, agreement 4 can be interpreted in the strict sense i.e. excuding any RRC involvement or with some “tolerance” allowing some minimum RRC involvement, as suggested by the FFS. We elaborate both options below.
[bookmark: _Ref462432227]Strict sense interpretation: no RRC involvement 
It is clear that if agreement 4 is interpreted in the strict sense, then as soon as a UE is RRC-reconfigured with e.g. a new TRP/beam or set of TRP/beams in his current serving set, this is considered as a cell change. As a result, the Connected state cell is necessarily restricted to the current serving set of TRP/beams in this case, which answers the first FFS listed in Section 1.
Observation 5: If intra-cell mobility can be handled without any RRC involvement, then the Connected state cell is necessarily restricted to the configured serving set of TRP/beams of the UE.
This interpretation has the benefit to provide a clean and simple definition of the Connected state cell with the following implications:
· Since different UEs may be configured with different serving sets of TRP/beams, the Connected state cell can be UE-specific
· From the above bullet and observation #2, it results that the Connected state cell is necessarily different and independent from the Idle state cell
· This definition is aligned with observation #3
The above observations are illustrated in Figure 1.


[bookmark: _Ref462822290]Figure 1 Cell and mobility
Loose interpretation: minimum RRC involvement 
The main benefit of this interpretation is to allow keeping the simple and legacy model with a single and same cell definition for both Idle and Connected states. Indeed, assuming RRC reconfiguration of the serving set of TRP/beams is not considered as a cell change, the whole Idle state cell can be considered as an area where mobility requires “Zero/Minimum RRC involvement”. However, observation #2 in Section 2.1 is still valid so that the UE might as a matter of fact be configured with a subset of the total beams in the cell and will still need to search autonomously for TRP/beams outside this configured set of serving beams. And based on observation #3, it will not make any different mobility measurements in support of intra Connected state cell and inter Connected state cell mobility. Therefore, in Connected state, it looks inappropriate to mandate the cell used to differentiate mobility measurements be mapped to the cell used in Idle state.
As a result, we suggest the following proposal:
Proposal 1: Connected state cell = idle state cell can be the baseline for legacy macro-cell deployments, but allowing different mapping (including UE-specific cell in Connected state) can be more appropriate for more sophisticated NR deployments (dense HF, CoMP-like, ...).
Conclusion
This contribution analyzes the relationship between the Idle state NR cell (defined by RAN1) and the Connected state NR cell discussed in RAN2. It results in the following observations and proposal:
Observation 1: Connected state cell = Idle state cell can be the baseline starting point at least valid for legacy macro cell deployments.
Observation 2: It looks overkill to configure a Connected UE with all beams available in a multi-TRP (Idle state) cell as its serving set of beams.
Observation 3: From UE perspective, there is no difference between autonomous search for non-UE-specific TRP/beam-specific RS outside its configured serving set of TRP/beams and outside its (Idle state) cell.
Observation 4: Similar to some CoMP scenarios, the serving set of TRP/beams can be across multiple (Idle state) cells.
Observation 5: If intra-cell mobility can be handled by without any RRC involvement, then the Connected state cell is necessarily restricted to the configured serving set of TRP/beams of the UE.
Proposal 1: Connected state cell = idle state cell can be the baseline for legacy macro-cell deployments, but allowing different mapping (including UE-specific cell in Connected state) can be more appropriate for more sophisticated NR deployments (dense HF, CoMP-like, ...).
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