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1 Introduction
In this contribution some RAN Paging Area issues for Light Connection are discussed.
2 Discussion
2.1 RAN Paging Area Update
It has been agreed that the UE shall notify the network when it has moved out of the configured RAN paging area. It has also been agreed that the RRC Connection Resume procedure will be used for this purpose and that an additional indication for PAU (Paging Area Update) will be included in the procedure.
In the release 13 version of RRC Connection Resume Request there is one spare value in the resume cause and one spare value on the highest level of the message:
RRCConnectionResumeRequest-r13 ::=
SEQUENCE {


criticalExtensions





CHOICE {



rrcConnectionResumeRequest-r13


RRCConnectionResumeRequest-r13-IEs,




criticalExtensionsFuture



SEQUENCE {}

}
}
RRCConnectionResumeRequest-r13-IEs ::=

SEQUENCE {


resumeIdentity-r13







CHOICE {



resumeID-r13








ResumeIdentity-r13,


truncatedResumeID-r13






BIT STRING (SIZE (24))


},

shortResumeMAC-I-r13







BIT STRING (SIZE (16)),


resumeCause-r13








ResumeCause,


spare










BIT STRING (SIZE (1))

}

ResumeCause ::=



ENUMERATED {











emergency, highPriorityAccess, mt-Access, mo-Signalling,











mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1}

A proposal is to use the spare value in the resume cause as an indication for RAN Paging Area Update.
Proposal 1: Use the spare value in the resume cause in RRC Connection Resume Request as an indication for RAN Paging Area Update.
The procedure for Paging Area Update can be expected to look like this: 
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Figure 2. RAN Paging Area Update procedure based on current assumption
It has been agreed that RRCConnectionRelease will be used for transferring the UE to light connection. If the Resume ID should be included in the RRCConnectionRelease message, it needs to be sent encrypted to the UE for security reasons.

When the UE sends a Paging Area Update it will in most cases not have any data to send.  There is then no reason to keep the UE in normal RRC_CONNECTED, but the UE is preferably sent back to light connection as soon as possible. As the network has got the necessary information (that the UE is performing a Paging Area Update) already in RRCConnectionResume Request, the UE could preferably be sent back to light connection immediately by RRCConnectionRelease. 
However, to be able receive an encrypted RRC message in response to rrcConnectionResumeRequest the UE must have received the relevant security information before UE entered light connection. If the UE is changing eNodeB as part of the Paging Area Update procedure and/or to be able to perform a key refresh, the NCC (Next hop Chaining Counter) need to be sent in RRCConnectionRelease.
A simplified procedure for performing RAN Paging Area Update could look like this:
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Figure 1. Simplified RAN Paging Area Update Procedure
As shown above, two RRC messages can be saved at RAN Paging Area Update if NCC is included in rrcConnectionRelease:
Observation 1: A simple two-step procedure can be used for RAN Paging Area Update if the NCC (Next hop Chaining Counter) is included in RRCConnectionRelease.
2.2 Simultaneous RAN Paging Area Update and Tracking Area Update

According to legacy principles for ECM-connected UE,a UE is in light connection it needs to monitor the Tracking Area code broadcasted in system information. If UE enters a cell with a non-registered TA identity, and a non-registered RAN Paging Area (e.g. outside the cell list),the UE triggers a NAS-level Tracking Area Update procedure. This triggers RRC to resume with cause value “MO Signalling”. When the TAU procedure is completed, the UE can be transferred to light connection again and new RAN Paging Area information can be signalled to the UE. 
Proposal 2: If UE enters a cell that belongs to both a non-registered TA and non-registered RAN Paging Area, the UE shall trigger a TAU. If, at the completion of TAU procedure, UE is again suspended to Light Connected, RAN can assign new RAN Paging Area information to UE.
A text proposal to 36.331 for the UE actions at SIB1 reception is provided in Appendix.
2.3 RAN Paging Area
Different options for configuring the RAN Paging Area have been discussed. It may be a list of cells, a single cell or the same as CN Tracking Area. The area may be configured in dedicated signalling or be broadcasted in system information. Different networks may be configured in different ways. E.g. in some networks the Tracking Areas may be very large and in some networks very small. A solution which offers flexibility is preferred so that the least signalling can be achieved in most networks.
A solution in system information has the drawback that it causes signalling overhead in the whole network for all UEs. A solution in dedicated signalling only targets a specific UE, but the cell lists may be long if the RAN Paging Area consists of many cells. However, there are ways of optimizing the signalling so that the overhead is significantly reduced. 
The RAN Paging Area is assumed to be signalled to the UE in terms of cell ID. It has been noted already that a large part of the cell ID may be the same for a number of cells and unnecessary to repeat the for all cells. The cell ID consists of 28 bits. The 20 leftmost bits comprises eNodeB ID and the 8 rightmost bits specifies the cell within the eNodeB.
Cell 1: 0000000001 0001000111 00000001
Cell 2: 0000000001 0001000111 00000010
Cell 3: 0000000001 0001000111 00000011
Cell 4: 0000000001 0001000111 00000100

As can be seen above, a big part of the cell ID consists of the eNodeB ID. An even bigger part of the cell ID may be common for many cells and unnecessary to repeat for each cell being signaled. If only the common part is signaled to the UE, the UE can understand that all cells starting with the common part belong to the RAN Paging Area. If in addition a filtered part is signaled, the cells starting with the common part (only signaled once) and ending with the filter part belong to the RAN Paging Area. 

If e.g. all cells belonging to eNodeB with identity 0000000001 0001000111 should belong to the RAN paging area, 0000000001 0001000111 is signaled once and no filtered part is signaled. If only the cells with cell identity 0000000001 0001000110 00000001 and 0000000001 0001000110 00000010 should belong to the RAN paging area, then 0000000001 0001000110 000000 can be signaled once in a common part and 01 and 10 are signaled in a filtered part. The network could signal a large common part in some cases and a smaller common part in other cases, depending on what is most beneficial.
The common part could e.g. vary between 20 and 28 bits, consisting of the eNodeB ID and possibly some more bits if they are also common for all cells. The filtered part could vary between 0 and 8 bits, depending on how much has been signaled in the common part. The ASN.1 encoding could in this example look like this:

PagingInfo-r14 ::= SEQUENCE {


cellCommonPattern-r14

BIT STRING (SIZE(20..28))
OPTIONAL,


cellFilterPatternList-r14

CellFilterPatternList-r14

OPTIONAL

}

CellFilterPatternList -r14 ::= SEQUENCE (SIZE(1..Max)) OF {


cellFilterPattern
-r14
BIT STRING (SIZE(1..8))


}

Another small reduction could be that the current cell does not have to be signaled when a cell list is sent to the UE, as the current cell is always part of the RAN Paging Area. If the RAN Paging Area only consists of the current cell, an empty cell list could be sent to the UE, i.e. one bit only.
Observation 2: The signaling of cell lists to the UEs can be optimized significantly.
If no RAN Paging Area (e.g. in the form of a cell list) is signalled to UE, the UE will not have any RAN Paging Area configured. The UE will not trigger any RAN area updates but only NAS level Tracking Area Updates, when entering a non-registered TA.  This allows the network operator to deploy and get the advantages of Light Connection without having to configure any RAN paging areas. RAN can still page the UE in a set of cells or in all cells of the UE-registered TA list, based on RAN-implemented paging strategy.
The RAN Paging Area is configured when the UE is transferred to light connection, i.e. in the RRCConnectionRelease message.
Proposal 3: It shall be possible for a network to deploy Light Connection without having to use any Paging Area concept (e.g. in the form of a list of cells).

Observation 3: If no RAN Paging Area is configured, the UE will not trigger any RAN area updates but only NAS level Tracking Area Updates (when entering cell of a non-registered TA).
3 Summary
RAN2 is kindly asked to discuss the following observation and and agree to the following proposals:
Proposal 1: Use the spare value in the resume cause in RRC Connection Resume Request as an indication for RAN Paging Area Update.
Observation 1: A simple two-step procedure can be used for RAN Paging Area Update if the NCC (Next hop Chaining Counter) is included in RRCConnectionRelease.
Proposal 2: If UE enters a cell that belongs to both a non-registered TA and non-registered RAN Paging Area, the UE shall trigger a TAU. If, at the completion of TAU procedure, UE is again suspended to Light Connected, RAN can assign new RAN Paging Area information to UE.
A text proposal to 36.331 for the UE actions at SIB1 reception is provided in Appendix.

Observation 2: The signaling of cell lists to the UEs can be optimized significantly.
Proposal 3: It shall be possible for a network to deploy Light Connection without having to use any Paging Area concept (e.g. in the form of a list of cells).

Observation 3: If no RAN Paging Area is configured, the UE will not trigger any RAN area updates due to mobility, but only NAS level Tracking Area Updates (when entering cell of a non-registered TA).
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5.2.2.7
Actions upon reception of the SystemInformationBlockType1 message

Upon receiving the SystemInformationBlockType1 either via broadcast or via dedicated signalling, the UE shall:
1>
if in RRC_IDLE or in RRC_CONNECTED while T311 is running; and
1>
if the UE is a category 0 UE according to TS 36.306 [5]; and

1>
if category0Allowed is not included in SystemInformationBlockType1:
2>
consider the cell as barred in accordance with TS 36.304 [4];

1>
if in RRC_CONNECTED while T311 is not running, and the UE supports multi-band cells as defined by bit 31 in featureGroupIndicators:

2>
disregard the freqBandIndicator and multiBandInfoList, if received, while in RRC_CONNECTED;

2>
forward the cellIdentity to upper layers;

2>
forward the trackingAreaCode to upper layers;

1>
else:

2>
if the frequency band indicated in the freqBandIndicator is part of the frequency bands supported by the UE and it is not a downlink only band; or

2>
if the UE supports multiBandInfoList, and if one or more of the frequency bands indicated in the multiBandInfoList are part of the frequency bands supported by the UE and they are not downlink only bands:

3>
forward the cellIdentity to upper layers;

3>
forward the trackingAreaCode to upper layers;

3>
if, for the frequency band selected by the UE (from freqBandIndicator or multiBandInfoList), the freqBandInfo or the multiBandInfoList-v10j0 is present and the UE capable of multiNS-Pmax supports at least one additionalSpectrumEmission in the NS-PmaxList within the freqBandInfo or multiBandInfoList-v10j0:

4>
apply the first listed additionalSpectrumEmission which it supports among the values included in NS-PmaxList within freqBandInfo or multiBandInfolist-v10j0;

4>
if the additionalPmax is present in the same entry of the selected additionalSpectrumEmission within NS-PmaxList:
5>
apply the additionalPmax;

4>
else:

5>
apply the p-Max;

3>
else:

4>
apply the additionalSpectrumEmission in SystemInformationBlockType2 and the p-Max;
2>
else:

3>
consider the cell as barred in accordance with TS 36.304 [4]; and

3>
perform barring as if intraFreqReselection is set to notAllowed, and as if the csg-Indication is set to FALSE;
Upon receiving the SystemInformationBlockType1-NB, the UE shall:
1>
if the frequency band indicated in the freqBandIndicator is part of the frequency bands supported by the UE and it is not a downlink only band; or

1>
if one or more of the frequency bands indicated in the multiBandInfoList are part of the frequency bands supported by the UE and they are not downlink only bands:

2>
forward the cellIdentity to upper layers;

2>
forward the trackingAreaCode to upper layers;
2>
forward the attachWithoutPDN-Connectivity to upper layers, if received for the selected PLMN;
2>
if, for the frequency band selected by the UE (from freqBandIndicator or multiBandInfoList), the freqBandInfo is present and the UE capable of multiNS-Pmax supports at least one additionalSpectrumEmission in the NS-PmaxList within the freqBandInfo:

3>
apply the first listed additionalSpectrumEmission which it supports among the values included in NS-PmaxList within freqBandInfo;

3>
if the additionalPmax is present in the same entry of the selected additionalSpectrumEmission within NS-PmaxList:
4>
apply the additionalPmax;

3>
else:

4>
apply the p-Max;

2>
else:

3>
apply the additionalSpectrumEmission in SystemInformationBlockType2-NB and the p-Max;

1>
else:

2>
consider the cell as barred in accordance with TS 36.304 [4]; and

2>
perform barring as if intraFreqReselection is set to notAllowed.
1>
if in light RRC connection:

2> if the forwarded trackingAreaCode does not trigger NAS message transmission by upper layers:

3>
if the ran-PagingAreaInfo is included, and for the selected PLMN, the cellIdentity is not part of the stored ran-PagingAreaCellList:
4>
initiate the RAN paging area update procedure as specified in 5.3.y;
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