3GPP TSG-RAN WG2 Meeting #96
R2-167487
Reno, USA, 14 – 18 November 2016

Agenda item:
8.9.2
Source:
Samsung

Title:
Further considerations for the LTE light connection mode
Document for:
Discussion & Decision
1
Introduction

After the RAN#71 meeting, a new WI "Signalling reduction to enable light connection for LTE" was agreed [1], which as its name indicates aims at alleviating the signalling burden caused by UE transition between the CONNECTED and IDLE states. During the RAN#93bis meeting, a number of contributions were submitted in which proponents expressed their initial view on how a light connection can be technically implemented and introduced to the LTE system. After the RAN2#94 meeting, RAN WG2 made further progress and based on simulations results submitted by a number of proponents the LS was sent to RAN WG3, indicating that RAN WG2 sees benefits in this feature. Based on contributions submitted to the RAN2#95 and RAN2#95bis meetings a number of further agreements were made; however, there also remained open issues.
In this discussion paper we present our technical view on the open issues after the RAN2#95bis meeting covering aspects such as RAN paging area configuration, paging ID and cycles, access barring and other issues.
2
Light connection
For the sake of further tractability, we will present our technical considerations for a light connection structured around the following topics:

-
RAN paging area (paging area, its identification and provisioning);
-
paging related issues (paging ID, paging cycle, etc);
-
access barring (barring mechanisms applicable in the light connection mode);
-
other issues (RRC reconfiguration message, RRC states).
2.2
Paging area 
One of the problems raised in contributions submitted to RAN2#93bis and RAN2#94 meetings is how to define the paging area. In particular, the following possibilities were summarized in the email discussion before RAN2#95bis: a) broadcast paging area in SIB, and b) use dedicated signaling to configure a UE explicitly with a list of cells; during the email discussion 95#31 another option c) was mentioned which is based on reusing an existing concept of the TAU area.

In our contribution [2], we provide a detailed analysis of every option with related disadvantages and benefits. For the sake of clarity, the outcome of our considerations presented in [2] can be summarized as follows. 
Proposal 1a: As a baseline, adopt a solution in which each RAN paging area is identified by the corresponding RAN paging area ID broadcast in the cell system information.

Proposal 1b: Discuss whether cell system information can broadcast several RAN paging area ID (as in UMTS) or one ID would be sufficient.
Proposal 1c: While configuring the light connection mode, allow omitting RAN paging area ID (or an explicit list of cells) that will instruct the UE to send an indication upon crossing every cell. 

2.3
Paging identity and cycle 

Another problem mentioned in [4,6,8] is which ID the network can/should use to reach a UE upon a mobile terminated call. In particular, email discussion 95#13 provides a summary of possible options with preferences from different companies. IMSI/S-TMSI looks like an easy and straightforward solution because that identifier is already used by the LTE system when the MME sends the paging indication message to the eNB. Furthermore, it is also worth noting that if rely upon IMSI/S-TMSI, then the legacy paging message can be fully re-used. The only downside of using IMSI/S-TMSI is that in the legacy system eNB becomes aware of it only when the paging indication message arrives from MME. In other words, there should be corresponding RAN3 changes to convey that identifier from MME to the eNB so that the latter can send the paging message based on internal triggers. Nevertheless, our view is that RAN3 changes, which are marginal, will be justified by the fact that a lot of RAN2 functional components can be fully re-used.
Referring back to our considerations presented in the previous paragraph, a question on a paging message to reach a UE depends on a discussion which identifier will be adopted. If RAN2 agrees to use S-TMSI, then a paging message solution comes for free as the legacy message can be re-used. Otherwise, we might need to extend the structure of the paging record so that it carries a new ID. As an alternative option, there can be a new paging message, but our current view is that RAN2 should clearly identify needs and benefits of a new paging message.

Yet another paging related problem is a paging cycle and calculations of the paging occasions. In principle, the straightforward approach is to let a UE to follow the IDLE mode DRX cycle, paging occasions for which are determined based on the IMSI value. However, in the current LTE system the eNB receives the corresponding "UE identity index value" IE from MME only when the latter generates the paging indication message. So, if we decide to adopt the same principle as in legacy, then we would need to introduce some extensions in the core network signaling so that MME can tell eNB in advance same value that is conveyed nowadays in "UE identity index value ". Following the same line of reasoning and argumentation as for the paging identifier, an extension on the S1 interface could be justified by a goal of minimizing changes at the UE and eNB sides. 

Proposal 2a: Re-use IMSI/S-TMSI as the UE identifier for the DL paging in the light connected mode.

Proposal 2b: Re-use existing paging message and structure for the purpose of the DL paging in the light connected mode.
Proposal 2c: Re-use existing calculations based on IMSI for the DRX cycle in the light connected mode. 
2.3
Access barring

One of the issues raised during the RAN2#95bis meeting was which access class barring mechanisms are/can be applicable to the light connection mode. One way to tackle this issue is to consider it from the viewpoint of how the light connection mode is modeled (e.g. RRC_IDLE or RRC_CONNECTED), and as a result apply exactly the same mechanisms which are valid in a particular RRC state. However, a question of whether to enable or not a particular barring mechanism in the light connection mode should be ideally answered from the viewpoint of requirements and functional needs.

Here we consider existing LTE access barring mechanisms and elaborate on whether they can/should be applicable to the light connection mode.

1.
SSAC. Service specific access control was initially introduced to the IDLE mode only, and in Rel-12 it was extended also the CONNECTED state. Since 3GPP has acknowledged applicability and use case of this barring mechanism for both IDLE and CONNECTED states, it makes sense to enable it also for the light connection mode.
2.
AB. This mechanism has been existing starting from the first LTE release and is the baseline mechanism to prevent UE from getting an access on the UL resources. As there can be a noticeable number of UEs in the light connection mode, it seems necessary to have a mechanism that would be able to prevent, if needed, a UE from establishing or resuming its connection. Otherwise, there will be no way to prevent RAN congestion caused by the UEs configured to the light connection mode.
3.
EAB. Extended access barring is the enhanced version of the baseline barring procedure, which was introduced to handle MTC-like devices. On the one hand, one could anticipate that MTC-like devices will not be kept in the light connection mode for a long period of time (due to low user plane activity) and thus this mechanism can be avoided for light connection. On the other hand, there could be use cases when the network keeps the MTC-like device in the light connected mode, if the latter e.g. generates more or less periodically user plane data. 
4.
ACDC. As of now, ACDC mechanism is applicable only to the IDLE state, which was the SA1/RAN2 decision. It is also worth noting that ACDC was introduced to the UMTS system, in which it also applicable only to the IDLE state, i.e. it is not available for CELL/URA_PCH or CELL_FACH. From that perspective, we can continue to keep ACDC limited only to the IDLE state.  
Based on the presented considerations, we suggest enabling SSAC and AB mechanisms for the light connection mode, and discussing further whether EAB can/should be applicable as well; ACDC can be kept limited only to the IDLE mode. 

Proposal 3a: SSAC and AB barring mechanisms are applicable to the light connection mode.
Proposal 3b: Discuss whether EAB should be applicable to the light connection mode.

Proposal 3c: ACDC is applicable only to the IDLE mode, i.e. not applicable to light connection.
2.4
Other issues
One of the open questions discussed during RAN2#95 meeting was which RRC message should be used to re-configure a UE to the light connection mode, whereupon two major options were either RRCConnectionRelease (as in NBIoT/CIoT) or RRCConnectionReconfiguration. As expressed by a number of companies, either way it should work assuming that both communication ends know what a UE is going to do next. However, the major difference between RRCConnectionRelease and RRCConnectionReconfiguration is that the latter already now provides all the necessary IEs to reconfigure something inside the UE. As the light connection mode assumes that a UE can quickly come back to the full operational mode, it is anticipated that while moving a UE to the light connection mode the network should be capable of providing additional/different parameters when compared to CONNECTED and/or new parameter values that a UE will use once it comes back to the full CONNECTED mode. Furthermore, as we do not know which use cases may arise in the future, it is safer to rely upon the RRCConnectionReconfiguration message.
Proposal 4a: Consider RRC Connection Reconfiguration message to move a UE to the “light connected” mode.

Yet another open issue mentioned by a number of proponents already during the RAN2#93bis meeting, is how to model "light connection". One of the approaches could be to follow the CIoT/NB-IoT solution that assumes that a UE is in the IDLE mode. However, the overall solution would look logically obscure from the core network perspective as the latter will keep S1 connection, presence of which matches the notion of a UE being in the CONNECTED state. Furthermore, as the core network assumes that a UE is in EMM_CONNECTED, it seems logically better to assume that a UE is also in the EMM_CONNECTED and RRC_CONNECTED. Otherwise we might end in defining new procedures and uses cases when AS and NAS are in different states. One can find further considerations from our side on this matter in [3].
From that perspective, we suggest to model "light connection" as an operational mode within the CONNECTED state. In this case the core network changes would be minimal as the latter will behave identical regardless of the fact whether a UE is configured with "light connection" or not. The major changes will be encapsulated within eNB, and it will decide whether to configure a UE with "light connection" mode and if so, how to handle it in mobile originated and mobile terminated call cases. 
Proposal 4b: Consider modeling "light connection" as an operational mode within the CONNECTED state.

3 Conclusion
In this discussion paper we have tried to embrace the whole light connection feature and expressed our view and preference on a number of open issues. As a summary of our proposals:
Proposal 1a: As a baseline, adopt a solution in which each RAN paging area is identified by the corresponding RAN paging area ID broadcast in the cell system information.

Proposal 1b: Discuss whether cell system information can broadcast several RAN paging area ID (as in UMTS) or one ID would be sufficient.
Proposal 1c: While configuring the light connection mode, allow omitting RAN paging area ID (or an explicit list of cells) that will instruct the UE to send an indication upon crossing every cell. 

Proposal 2a: Re-use IMSI/S-TMSI as the UE identifier for the DL paging in the light connected mode.

Proposal 2b: Re-use existing paging message and structure for the purpose of the DL paging in the light connected mode.
Proposal 2c: Re-use existing calculations based on IMSI for the DRX cycle in the light connected mode.
Proposal 3a: SSAC and AB barring mechanisms are applicable to the light connection mode.

Proposal 3b: Discuss whether EAB should be applicable to the light connection mode.

Proposal 3c: ACDC is applicable only to the IDLE mode, i.e. not applicable to light connection.
Proposal 4b: Consider modeling "light connection" as an operational mode within the CONNECTED state.
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