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1
Introduction
According to the work item description for “Signalling reduction to enable light connection for LTE” [1] the WI has initially a study phase to investigate following options:
· Signalling reduction due to handover, considering UE centric mobility, e.g. cell (re)-selection. (RAN2/3, Q3/2016) 

· Signalling reduction due to Paging, considering limiting the Paging transmission within a more limited area. (RAN2/3, Q2/2016) 

· Signalling reduction to CN over S1 interface due to mobility and state transitions by hiding them from CN. (RAN2/3, Q3/2016) 

· UE context storage and retrieval along with UE mobility across different eNBs. (RAN3/2, Q3/2016)

· Necessity of a new RAN based state (RAN2, Q3/2016)

Initial discussion on this topic took place in RAN2#93bis which ended up to following assumptions:

=>
Work assumption to study the paging enhancement is “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN”

=>
Work assumption: Light connected UE can be addressed only by the trigger of paging initiated by eNB or MME.
RAN2#95 also agreed following functions, among others, to be included in light connection:

· The paging process is controlled by “anchor eNB”

· eNB controlled RAN based paging area

· RAN based paging area update mechanism. RAN based paging area can be configurable as UE specific

· Performing cell reselection based mobility, which is the same cell reselection mechanism in RRC IDLE.

In this contribution we analyse possible impacts of the light connection to paging calculation and reselection handling.
2
Discussion
2.1 
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: 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 state it would be beneficial to provide similar parameters to UE being moved to light  connected state 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: 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: LC area specific reselection parameters are not introduced.
2.2
Paging and 36.304
In the 36.304 we have currently following calculation for paging:

One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception.

PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:

PNB = floor(UE_ID/(N*Ns)) mod Nn

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF, i_s, and PNB formulas above.

The following Parameters are used for the calculation of the PF, i_s, and PNB:

-
T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT.

-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
Nn : number of paging narrowbands provided in system information

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH.
It can be assumed that LC area paging load would not significantly differ from the legacy paging. Therefore, it seems to be useful to reuse paging calculations as currently defined. So in last RAN2 we made decision:

· To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed if necessary.

As the result of this agreement, there is no need to broadcast any new parameters for paging purposes. One problem exists, though: In case eNB generates the paging message, MME does not provide IMSI (UE Identity Index value in 36.413 used for PO/PF calculation) nor S-TMSI (paging identity) to the eNB. This aspect was left undecided in last RAN2 meeting with following agreements:

=>
To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.

=>
To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.

Regarding this and all other agreements we sent a LS to RAN3. From RAN2 point of view it would be desirable to be able to use IMSI/S-TMSI which would avoid any impacts to RAN2 paging calculation. One alternative is to just enable MME to provide these parameters (e.g. S1AP UE CONTEXT SETUP and  X2 HANDOVER REQUEST) to the eNB or then one could define completely new UE identity and management to be handled by eNB. As the identity handling is already handled by MME there does not seem to be great benefit to duplicate this feature in the eNB. Of course one possible problem with this approach is that UE identity index value (part of IMSI) is stored for extensive periods in the eNB. This could be a problem and should be checked with SA3 and of course RAN3 if the provision of additional parameters is possible.
Proposal: Do not introduce new identity for paging for light connection. Check if this is possible with SA3 and RAN3
2.3
Paging message

Further, it is open whether we would reuse existing RRC paging message or a new paging message with new associated P-RNTI.
· To discuss the preference of (a) using legacy RRC paging message (and associated legacy P-RNTI) vs (b) defining a new RRC RAN-initiated paging message (and associated new P-RNTI_2) for UEs in lightly connected.

One problem with new P-RNTI and paging message is that, in case of network error, there is no way to trigger UE to start reading legacy paging message unless one mandates UE to try to read both paging messages. This does not seem very practical. Thus it seem that it would be better just to reuse existing paging message, especially considering the earlier proposal in this paper, UE would just need to listen very same paging occasions as in IDLE i.e. NW would be able to reach the UE with paging even though RAN based paging was broken for some reason.

Proposal: Reuse existing paging message and enable UE to monitor legacy paging occasions without defining new paging identities for PO/PF calculation

2.4
Definition and configuration of the LCPA

In RAN2#95 meeting the configuration of light connection paging area (LCPA) was left somewhat open:
· 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.

Just providing list of cells as LCA would be an attractive solution as it would not require anything new in the broadcast signalling as cellIdentity is already broadcast and it would be possible just to signal UE multiple of those defining the LCA. A problem with this approach is that if the LCAis large, e.g. several eNBs, the provided list may become very prohibitively large potentially covering tens or even hundreds of cells. Also, considering that handling of light connection within a single eNB would be very simple as it does not require data forwarding nor any X2 signalling, it is very likely that an area could merely be one eNB. 
As an alternative one could provide a list of TACs as LCPA which would also eliminate the need to add anything to broadcast signalling. However, the problem with this option is that TAC in typical existing deployments is quite large area and hence would not necessarily be suitable as such for LCPA purposes. Any optimization due to LC support but would require redesigning TAC allocations impacting also operation of legacy UEs. This would add unnecessary complications to existing NW when introducing LC. Thus, we see that it would be beneficial to introduce at least a possibility to introduce also a new LCPAIdentity in the broadcast information and indicate a list of LCPAIdentities defining the LCPA. Naturally, the LCPAIdentity does not have to be limited to cells of a single eNB. The management of LCPAIdentities is beyond RAN2 scope.  Thus, in principle we have at least following alternatives:

1. Broadcast LCPAIdentity and provide one or many LCPAIdentities to UE to be used as LCPA

2. Add nothing to broadcast and provide list of cellIdentity to be used as LCPA

3. Add nothing to broadcast and provide list of TACs to be used as LCPA or just relay UE doing TAU
Based on discussion above we see alternative 1 as the best option for LC:

Proposal: Broadcast LCPAIdentity and provide one or many LCPAIdentities to UE defining the LCPA

As pointed out above, in certain cases also option 2 would be useful and would result in optimized implementation, e.g. when LC limited to just a few cells of an eNB, without need to modify broadcast information. Therefore, this should be an alternative option for the NW to choose. Option 3 could also be useful for evry large LCPA.
Proposal: Allow also NW to provide list of cellIdentity as well as list of TACs to be used as LCPA

2.5
DRX in light connection
In the RAN2 meeting also following point was left FFS:

· FFS: To define RAN-based paging DRX cycle which is UE specific.
UEs in IDLE can also be given UE specific DRX for paging monitoring. The UE specific DRX is configured in the TAU procedure. The same way UE could be given UE specific DRX in the message sending UE to LC mode. We do not see strong need for such UE specific DRX but as long as no new DRX cycles need to be defined we are OK to do such an optimization. Especially we don’t see use case for LTE to use LC mode with very short DRX values as anyway UE requirements in the mode should be relaxed. 
Proposal: Introduce UE specific DRX possibility in the message sending UE to LC mode as long as there is no need to define new DRX cycles.
With MME initiated paging (pre release 14 operation), paging retransmissions are handled by MME. Each time eNBs send paging message either initial or re-transmission, they will receive corresponding message from the MME. The same principle can be used with LC mode just that the initiation of re-transmission is done by the anchor eNB, the same way as it is responsible for the initial paging, it could handle retransmissions. In case of LCPA covering multiple eNBs, each time the anchor eNB wants eNBs to send paging it will instruct those with a message - basically a copy-paste procedure of the MME-eNB paging. This approach has the benefit of quickly stopping paging sending once the response is received from the UE via any of the eNBs.
Alternatively, the anchor eNB could configure the other eNBs with paging re-transmission or a with a timer how long the paging transmission should last. The eNBs would continue paging transmissions until the re-transmission count or timer expires, or, until instructed to stop by the anchor eNB. This approach would require additional paging configuration information to be signaled over X2. Further, it may not be optimum in the sense that the paging would have to be stopped separately in each eNB once the response has been received via one of them. For these reasons we think the anchor initiated paging re-transmissions is simple and more effective.
Proposal: In case of multiple eNBs covering the LCPA, paging re-transmissions are initiated by the anchor eNB.
Yet another issue is how do we handle certain error scenarios. E.g. UE losing coverage and not being able to update its location to network, the anchor eNB should be able to recover from the situation, possibly with the help of MME, where the UE is no longer reachable. It could be left up to NW implementation to decide when UE is not reachable. In such case MME likely needs to be informed about the lost UE in order to enable MME to try to reach the UE in wider area e.g. tracking area. The decision about the solution is up to RAN3 to decide.
Proposal: There should be a mechanism to recover from the situation where the anchor eNB initiated paging is not successful in reaching the UE. RAN2 to inform about the issue for RAN3 to elaborate and decide about the solution.
3
Conclusions
In this paper we discussed possible introduction of reselections and paging for light connection and came to following conclusions:

Proposal: 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: LC area specific reselection parameters are not introduced.
Proposal: Do not introduce new identity for paging for light connection. Check if this is possible with SA3 and RAN3
Proposal: Reuse existing paging message and enable UE to monitor legacy paging occasions without defining new paging identities for PO/PF calculation

Proposal: Broadcast LCPAIdentity and provide one or many LCPAIdentities to UE defining the LCPA

Proposal: Allow also NW to provide list of cellIdentity as well as list of TACs to be used as LCPA

Proposal: Introduce UE specific DRX possibility in the message sending UE to LC mode as long as there is no need to define new DRX cycles.
Proposal: In case of multiple eNBs covering the LCPA, paging re-transmissions are initiated by the anchor eNB).
Proposal: There should be a mechanism to recover from the situation where the anchor eNB initiated paging is not successful in reaching the UE. RAN2 to inform about the issue for RAN3 to elaborate and decide about the solution.
Considering above agreements there are no impacts to 36.304

Proposal: No need to change 36.304 due to LC mode
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