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1
Introduction
RAN2#95 conclusions and agreements related to paging in light connection were following:

=>
The UE specific paging area configuration in term of cell list or new list of paging area ID shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.

=>
UE lightly connected is required to notify the network when it moves out of the configured RAN based paging area.

=>
The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.
· The UE specific paging area configuration in term of cell list or new list of paging area ID shall be supported by dedicated and/or broadcast RRC signaling. Further optimization and down selection can be considered.

· The paging area can be configured as one or more cells from RAN2 point of view. The configured cells can come from different eNB.

Furthermore, based on the email discussion RAN2#95bis agreed following for the paging in light connection:

· For the RAN-initiated paging occasion calculation, the preferred UE ID is "IMSI mod x" design (similar to legacy paging calculation), as per option d) in R2-166688.

· The RRC RAN-initiated paging message is defined reusing (with extensions if necessary) legacy RRC paging message, as per option a) in R2-166688.

The final agreement is still pending about how the paging area shall be defined and how it shall be signalled to the UE. This contribution elaborates proposed options, their impact on light connection operation and on the specifications.
2
Discussion
The main options for the light connection paging area (LCPA) definition are following:

Option 1.  List of cell IDs

Option 2.  New RAN paging area ID, or list of IDs

Option 3.  Legacy tracking area (TA)

The assumption is that the UE will be informed about the LCPA when moving to light connection mode. In the following paragraphs we elaborate the three options how they would be applied in LC operation and what could be the specification impacts.
2.1
LCPA as a list of cell IDs

When to UE enters LC there will be a dedicated RRC signalling (message still FFS) providing a list of cell IDs that will define the LCPA for the consequent LC mode.
Providing just a list of cells as valid LCPA would have the benefit not requiring any new information to be broadcast in the system information. The cellIdentity is broadcast in SIB1.
Depending on the LCPA size, there is a potential problem with the size of the signalled list of IDs. This may become a restriction to apply LC in a variety of deployment scenario and NW configurations. A large LCPA would result in a large configuration message for the NW to command UE to LC mode.

Observation 1: While having no impact on SI broadcast, the size the message to enter LC mode may limit the applicability of Option 1 to smaller LCPA areas.

Definition of the LCPA can be up to RAN and can consider the eNB structure (cells controlled by a single eNB), deployment scenario (e.g. a cluster of small cells), availability of X2 interface, LC support of the surrounding eNBs (excluding those not supporting LC), any O&M information, or other issues that can be up to RAN implementation. It is also possible to adapt the LCPA on UE basis considering the UE mobility (history), anticipated data patterns, QoS and latency requirement, or other UE and connection related parameters.

There may not be need to coordinate the LCPA between eNBs other than considering the existing X2 connection, and as the LCPA can be vary between UEs. MME do not have to be aware of the configured LCPA. CN will be affected first when new (MT/MO) data arrives and UE moves RRC connected, once suspending the connection (e.g. when moving to a new LCPA), or when releasing the connection (can be done by the RAN decision about the continuation after LCPA change).
Observation 2: Option 1 allows flexibility for UE specific LCPA definition taking into account both RAN and UE specific parameters.
2.2
New RAN paging area ID

With the Option 2 the UE is configured with RAN paging area ID, or list of IDs, determining the LCPA. Each cell broadcast (in SIB1) the RAN paging area ID. While doing re-selections the LC UE shall monitor broadcast RAN paging area ID whether it matches with (one of) the configured ID(s). If not, the UE indicates its new location to the NW. The UE behaviour will be otherwise identical to TA monitoring and the specification impacts are fairly small; only the additional ID to be broadcast in SIB1 which may not a major issue.
The allocation of the RAN paging area IDs can be done by the O&M. The allocation of IDs to cells determine the granularity for the LCPA. The allocation of an ID can start from a single cell, cells belonging to a single eNB, or any wider areas including multiple cells. As stated above, the used LCPA, i.e. RAN based paging area, is list of RAN paging area IDs (where the number of IDs can be one or more), which is signalled to the UE entering light connection.

As there can be dynamic changes, there may or may not be X2 connection within the whole LCPA which could require also support for S1 context retrieval (under discussion in RAN3). 
Observation 3: The use a new RAN paging area ID requires the ID to be broadcast (in SIB1) and UE monitoring the IDs while re-selecting cells whether it matches with the configured (list of) RAN paging area ID(s). Otherwise, the UE behaviour is the same as with Option 1.
Observation 4: Allocation of RAN paging area ID for Option 2 can be done by O&M.
2.3
Usage of TA for LCPA

In the Option 3 (a list of) TAC(s) will provided to the UE defining the LCPA. Similarly to the Option 1, there is no need to extend the broadcast (SI) information; UE will monitor TAC to check if the LCPA has changed. The LCPA can be a single TAC or it could be a list of TACs. Assumption is that the list of TAIs from NAS is reused and therefore does not need to be signalled to the UE when entering LC.

The drawback with this option is limited flexibility to determine the size of the LCPA in order to optimize it for light connection purposes. 
Observation 5: TA used for LCPA has limited impact on signalling and configuration but has limitations to be applied for smaller LCPAs.
2.4
Analysis of the options for LCPA

The Table 2-4 summarizes the characteristics of the three options discussed above. Red background indicate worst option per category.
Table 2-4: Summary of the LC impacts for different options
	Option
	Size of the LC command
	Impact to broadcast (SIB1)
	Support for variable LCPA size
	Requirement for S1 context fetch

	Opt.1
	Largest 1)
	No
	Limited 3)
	Can be avoided

	Opt.2
	Small –medium 2)
	Yes
	Good
	Likely needed 5)

	Opt.3
	Small
	No
	Limited 4)
	Likely needed 6)


1) Depending on the size of LCPA as the number of cell

2) At smallest with single LCPA ID, larger if a list of LCPA IDs

3) Due to message size, can be applicable only for small LCPAs; in typical cases the LCPA can be fairly small and hence the limitation may not be severe
4) Difficult to support small LCPA sizes; least applicable in (possibly) most typical scenarios for LC 
5) At least when LCPA is large
6) High probability with larger LCPA sizes
The main identified issue with Opt.1 is the size of the message that would be required to configure the LCPA when commanding the UE to LC mode. However, to our understanding the size of the LCPA (as the number of cells) could be fairly small and hence there would not be a major limitation in the typical LCPA configurations. The Opt.2 would likely require the support for S1 context fetch. The Option 3, on the other hand, has limited impact on specifications but suffers lack of flexibility to determine variable sizes of LCPA that would be optimal for LC operation.
Based in the analysis above we can conclude that all options are in principle feasible but our preference is somewhat on the Option1 but considering limitations it has additionally consider either adding option 2 or option 3.
Proposal 1: RAN2 is kindly asked to take into consideration the analysis of this paper and the conclusions with preference on LCPA signalled with the list of cells, and additionally consider LCPA defined either as list of RAN Paging Areas or list of TA. 
2.5 
Reselections and 36.304
As per RAN2#95 agreement, UE mobility in light connection is based on cell reselections. Currently UE performs reselections in RRC_IDLE only and thus there is no need for network to provide reselection related parameters in dedicated signalling. This seems to suite well also for light connection where UE may move from a cell to another without notifying network about the change. On the other hand, network could provide parameters for all the cells of light connection area (LCA) when moving UE to the light connected mode. However, this might become excessive burden for the network as it anyway need to broadcast current reselection parameters for legacy purposes.

Observation 6: Reselection parameters have to be provided at least via system information.
Currently reselection priorities may be given to UE in the RRCConnectionRelease as well. If some other message/way is used to move UE to light connected it would be beneficial to provide similar parameters to UE being moved to light connected in order to achieve similar reselection behaviour as in LTE currently. This would also enable UE specific control to avoid UEs’ camping to be concentrated on specific carrier/layer.

Proposal 2: Provide reselection parameters in system information as well as in the command used to move UE to light connected state similar to RRCConnectionRelease in the existing system.
One could also consider having LC area specific reselection parameters but as the current system allows cell specific offset that seems to cover this scenario as well. Signalling gain would be limited from introducing LC area specific parameters.
Proposal 3: LC area specific reselection parameters are not introduced.
3
Conclusions
In this contribution, we have elaborated options for the definition of the LCPA and related signalling as well as the UE reselections. Based on our analysis we made following observations and proposals:

Option 1.  List of cell IDs

Option 2.  New LCPA ID, or list of LCPA IDs

Option 3.  Legacy tracking area (TA)

Observation 1: While having no impact on SI broadcast, the size the message to enter LC mode may limit the applicability of Option 1 to smaller LCPA areas.

Observation 2: Option 1 allows flexibility for UE specific LCPA definition taking into account both RAN and UE specific parameters.
Observation 3: The use a new RAN paging area ID requires the ID to be broadcast (in SIB1) and UE monitoring the IDs while re-selecting cells whether it matches with the configured (list of) RAN paging area ID(s). Otherwise, the UE behaviour is the same as with Option 1.

Observation 4: Allocation of RAN paging area ID for Option 2 can be done by O&M.

Observation 5: TA used for LCPA has limited impact on signalling and configuration but has limitations to be applied for smaller LCPAs.

Proposal 1: RAN2 is kindly asked to take into consideration the analysis of this paper and the conclusions with preference on LCPA signalled with the list of cells, and additionally consider LCPA defined either as list of RAN Paging Areas or list of TA. 
Observation 6: Reselection parameters have to be provided at least via system information.
Proposal 2: Provide reselection parameters in system information as well as in the command used to move UE to light connected state similar to RRCConnectionRelease in the existing system.
Proposal 3: LC area specific reselection parameters are not introduced.
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