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Introduction
During RAN2#94, regarding inter-gNB mobility in NR, one of the agreed requirements was the following:
Agreed requirements
…
	4	Minimise context move as a consequence of UE based mobility.
..

As in a previous contribution, we explain the potential issues of ping-pong handovers upon state transitions. We then propose an updated version for that requirement, as highlighted in R2-164725 [2]. We also discuss possible solutions to solve the potential issue.
That has been presented as a potential problem of using different and/or additional reference signals (RSs) for RRM measurements in RRC_CONNECTED and RRC_IDLE. Simulation results show that i
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eNB ping-pong in state transitions
In LTE, an eNB can trigger a transition from RRC CONNECTED to RRC IDLE based on different criteria e.g. inactivity timers. Once in RRC IDLE, the UE can perform cell reselection and, depending on the way the network configures the cell reselection thresholds, the UE may end up reselecting the cell that belongs to a different eNB. These different thresholds could be used e.g. in scenarios requiring load balancing. At the moment when the UE resumes its RRC connection, it starts to perform measurements and send reports that could trigger handovers back to the eNB that the UE was connected to previously which could be seen as an eNB ping-pong at IDLE to CONNECTED state transitions.
Such a problem would introduce unnecessary signalling over the air interface every time a state transition occurs. As in LTE, it is likely that transitions will likely occur quite often in NR too. Therefore, NR should support mechanisms to avoid inter gNB mobility upon state transitions between CONNECTED and IDLE (and/or inactive ‘state’). 
In addition to the handover signalling over the air interface, the scenario would also generate unnecessary network signalling over some X2-like interface. When the UE moves to IDLE in eNB-1 the context is stored there. When the UE reselects a cell in eNB-2, the UE will try to resume, which will trigger a context fetching over X2. Once the UE resumes its RRC connection and a handover is triggered, the context will be moved again, which could be referred as a double context move.
The current requirement, as highlighted in the introduction, only captures the second aspect. Therefore, as highlighted in R2-164725 [2], we also propose an update to requirement 4 as follows:
Proposal 1	NR should support mechanisms to avoid inter gNB mobility and double context move upon state transitions between CONNECTED and IDLE/inactive ‘state’.  

Scenarios with different coverage in IDLE and CONNECTED
The problem described above could occur in scenarios where the coverage in IDLE differs from the coverage in CONNECTED, from a UE perspective. In LTE, a feature called Cell Range Expansion (CRE) was used to extend the coverage area of a cell in connected mode. This feature was introduced as a mechanism for active mode load sharing between different cells. A cell configures the UE with additional offset, via A3 offset or cell Individual Offset (CIO), that the UE could use to compare the signal strengths of the source cell and neighbour cell and consequently the UE will trigger the measurement report only when the neighbour cell becomes at least offset better than the source cell. This operation of expanding the coverage of the cell is performed when the UE is in active mode. A simple illustration of the UE being connected to a cell that has ‘expanded’ its coverage area is shown in Figure 1. In Figure 1, the UE is connected to LTE Cell-B as the UE is still in the cell range expanded area of Cell-B. If the UE finishes its data transaction and if it goes to idle mode and then when it tries to come back to active mode (assume the UE to be stationary), then the UE will end up accessing LTE cell-A as the idle mode cell selection will not be affected by the active mode cell range expansion. 
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[bookmark: _Ref463007065]Figure 1: A scenario in LTE with cell range expansion feature
Observation 1	In LTE, cell range expansion allows the coverage difference between active mode and idle mode operations.


In NR, these scenarios may also exist due to the high gain dynamic beamforming in the active mode where the UE could be under the coverage area of another idle mode cell while being served by a beam generated by another gNB. Such a scenario is illustrated in Figure 2.
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[bookmark: _Ref463010442]Figure 2: Scenarios in NR with high gain dynamic beamforming of active mode transmissions
Observation 2	In NR, the coverage difference between active mode and idle mode operation may occur due to the different beamforming strategies used for idle and active modes.

Inter node ping-pong upon state transitions avoidance
In LTE, the idle mode cell reselection is controlled via the contents of the SIB4 from which the serving node will be able to configure with what offset the UE should reselect the neighbouring cells when it goes to the idle mode. It should be noted that in LTE, the UE is supposed to monitor system information transmission from the source node even when in connected mode.
Observation 3	In LTE, Q-offset can be used to avoid ping-pong triggered by state transitions when the cell range expansion is enabled.

In NR, to minimize the overhead on beamforming all system information, parts of it will be signalled dedicatedly to the UE. To avoid the ping-pong behaviour during state transitions in NR, the serving gNB could configure the UE with relevant offsets (re-distribution factors) via the dedicated system information transmission upon coming to connected mode or upon receiving a UE via handover from another node who had configured the UE differently.
Observation 4	In NR, a dedicated transmission of the relevant offsets and system information to the UE in the connected mode will resolve the ping-pong behaviour while transitioning between different modes.
Observation 5	Serving gNB should be able to configure the UE via dedicated signalling of the offsets and system information needed to avoid ping pong behaviour. 

In order to enable the network to configure the UE with the relevant offsets the UE needs to be aware of the NR Cell it is connected to. Several options of indicating the NR cell identifier to the UE in active mode are discussed in [3]. The mentioned methods include (for details please refer to [3]);
1) NR cell identifier is transmitted in associated with active mode RS as a sequence modulated sequences
2) NR cell identifier is transmitted in associated with active mode RS as a convolutional encoded field in physical channel
3) NR cell identifier is periodically scheduled using a PDCCH/PDSCH configuration derived from the active mode RS identifier.
4) NR cell identifier is provided via dedicated control signalling to the UE.
5) NR cell identifier is inferred based on the range of the identifier used by active mode RS signal identifier
6) NR cell identifier is inferred based on the frequency sub-band of the active mode RS signal.

Observation 6	There are several ways to make the UE aware fo the cell iit is connected to.
Observation 7	Costs and benefits of these different methods should be studied further.
Observation 8	If sending the NR cell identifier via broadcast is costly in a multi-beam system, dedicated transmission should be used.
Proposal 2	UEs in CONNECTED state should be aware of the cell they are connected to.

Simulation results
This section provides the simulation results to discuss the extent of ping-pongs and whether they truly occur in the system that is using different RSs for RRC_IDLE and RRC_CONNECTED. In the simulations, different beamformers were used for the initial access and for the active mode mobility.  Simulation settings are provided in the appendix.
The simulation results of Figure 3 show the minimal impact of ping-pong during state transitions when extremely different beamformers are used in idle and in active mode. The results show that event when there are 256 more beams used for active mode compared to idle mode, ~98% of the UEs are within the 3 dB of the optimal cell in active mode. Such offsets would have been used in any case in the active mode as part of the handover procedures and hence the problem of pingpong at state transition is not severe even in extreme cases of beamforming differences (none for idle compared to 256 beams in active) 
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[bookmark: _Ref471391168]Figure 3 : CDF plots showing the difference in the signal strength of the serving cell’s best beam (serving cell is chosen based on the beamformed beams) and the best beam from the ‘other’ cell (the ‘other’ cell refers to the cell that the UE would have chosen if the omni like beams were used for initial access)
Observation 9	The problem of pingpong at state transition is not severe even in extreme cases of beamforming differences (none for idle compared to 256 beams in active).

Proposal 3	It is proposed to capture the above results in the LS reply related to the RSs to be used for active and idle mode RRM measurements.


Conclusion
In this contribution we made the following observations and proposals:
 Observation 1	In LTE, cell range expansion allows the coverage difference between active mode and idle mode operations.
Observation 2	In NR, the coverage difference between active mode and idle mode operation may occur due to the different beamforming strategies used for idle and active modes.
Observation 3	In LTE, Q-offset can be used to avoid ping-pong triggered by state transitions when the cell range expansion is enabled.
Observation 4	In NR, a dedicated transmission of the relevant offsets and system information to the UE in the connected mode will resolve the ping-pong behaviour while transitioning between different modes.
Observation 5	Serving gNB should be able to configure the UE via dedicated signalling of the offsets and system information needed to avoid ping pong behaviour. 
Observation 6	There are several ways to make the UE aware fo the cell iit is connected to.
Observation 7	Costs and benefits of these different methods should be studied further.
Observation 8	If sending the NR cell identifier via broadcast is costly in a multi-beam system, dedicated transmission should be used.
Observation 9	The problem of pingpong at state transition is not severe even in extreme cases of beamforming differences (none for idle compared to 256 beams in active).


Proposal 1	NR should support mechanisms to avoid inter gNB mobility and double context move upon state transitions between CONNECTED and IDLE/inactive ‘state’.  
Proposal 2	UEs in CONNECTED state should be aware of the cell they are connected to.
Proposal 3	It is proposed to capture the above results in the LS reply related to the RSs to be used for active and idle mode RRM measurements.
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APPENDIX
Simulation settings

	Simulation Parameter
	Parameter value

	Deployment
	Dense urban

	# sites
	7 sites on tall buildings with 250m ISD and 28 sites on shorter buildings with 500 m ISD

	# sectors/site
	3

	Propagation model
	5G models in 3GPP TR 38.900 (section 7.8)

	Operating freq
	28 GHz

	Number of antenna elements 
	Upto 256

	Number of users
	10,000 users distributed in x,y,z planes 
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