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Discussion and decision
1 Introduction

This contribution aims to address the concerns raised on the first discussion of this new Rel-14 WI that focus on reduction of signalling overhead due to handover, paging and CN over S1 interface. It is provided an overview details of the proposed new light connection in relation to the suspend/resume procedure, the DRX paging cycle that could be configured more dynamically and, the RAN based paging mechanism considering initial information shared in our previous contribution [1].
2 Discussion
2.1 Light connection overview
When there is no data ongoing to a UE, the UE might be kept in connected or released to idle mode. Keeping a UE in connected mode might be desirable to avoid frequent signaling of releasing and establishment the RRC connection with the drawback that the UE would perform handover (HO) for every transition across the cell boundary. Releasing the UE to idle mode, avoids this HO signaling with the drawback that the location of the UE is only known in Tracking Area (TA) level by the network and that there might be substantial signalling overhead involved to release/establish each RRC connection. Rel-13 CIoT UP solution addresses this last point, by having the UE and eNB to store the UE context while being in idle mode. However both cases, i.e. UE released to idle and UE released to idle with the suspend indication, require that the S1-U bearer is torn down each time and the MME is informed that the UE is released or suspended. 
Therefore, CN signaling over S1 could still be substantially reduced as we analyse in the contribution [2]. This is the primary benefit of light connection over Rel-13 suspend-resume procedure. 

2.2 Paging DRX for light connection

The legacy paging DRX cycle values are slightly limited compared to connected mode DRX as the UE in idle mode can only use the cell specific value (which is broadcasted by SI) or the UE specific value (which is sent via NAS attach/TAU signaling only). Rel-14 UEs could further benefit from reduced power consumption and delay if the idle mode DRX cycle could be configured in a more flexible way and with a large range of values that could better accommodate current UE requirements, taking into consideration aspects such as, the UE mobility, QoS and traffic patterns. 
A common and simple use case scenario that would benefit from this solution, is a low mobile UE (i.e. devices that might move within short range, such as within offices or houses or even a neighbourhood) with data transmissions that might vary in its behaviour (frequent, infrequent or even sporadic). However, in any case, those UEs would overall benefit from being allocated shorter or longer DRX cycles when needed while minimizing the overall RAN and CN signaling involved when suspending and resuming. The proposed solution in this contribution could improve the overall UE power consumption, as if the network could release these UEs faster into the "light connection" knowing the fact that it would not increase signaling over the air, as well as, over S1 interface. Moreover, as it is explained in the following sections, the DRX cycle that could be used to page UEs in light connected (and which is referred as L-DRX cycle in this paper) could be configured more dynamically to also help in reducing the UE reachability and access delays.
Proposal 1. To define a mechanism that allows more dynamic configuration of the paging DRX cycle used by UE via RRC dedicated signaling i.e. RAN based paging DRX cycle. 
As previously explained, there is benefit to still maintain the signaling reduction optimizations defined by the Rel-13 CIoT UP solution through the new suspend and resume procedures. Therefore when applicable, the eNB could configure the UE with a RAN based paging DRX cycle through the suspend procedure as indicated in the Figure 1 below. This RAN based paging DRX cycle is referred as "Light DRX" (L-DRX) cycle and a UE configured to use this L-DRX cycle is considered to be "lightly connected". Therefore when receiving an RRC Connection Release message carrying the suspend and the L-DRX cycle indication, the UE would suspend the connection and enter into RRC_IDLE using L-DRX cycle to check for paging messages using legacy PO/PF calculation. 
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Figure 1. Overview of UE in light connection
Proposal 2. The eNB could provide an indication in the release message if the eNB wants to place the UE into the suspended light connection (where the S1 connection is maintained). 

Proposal 3. The new indication or a RAN based paging DRX cycle could be used when configuring UEs in light connection. These are referred as "Light connection" indication (L-ID) or "Light DRX" (L-DRX) cycle.
Proposal 4. The "Light DRX" (L-DRX) cycle is configured to the UE through the suspend procedure i.e. RRC Connection Release including Rel-13 Resume ID indication and the new L-DRX cycle value.
2.3 RAN-based paging mechanism
In this section, we discuss the RAN-based paging mechanism to be used for light connection. We take as a baseline assumption that this "Light DRX" (L-DRX) cycle is configured via RRC dedicated signaling, and discuss the L-DRX range/values and the paging operation.

As previously explained, this L-DRX cycle could be configured by eNB differently in each release of the RRC connection depending on UE needs e.g. based on the QoS requirements associated to the established bearers or traffic patterns foreseen. When using legacy PO/PF calculation, legacy idle DRX cycle could only be configured with 320, 640, 1280, 2560ms; in addition, in Rel-13 extended DRX discussions, the usage of 5.12sec is also enabled in the Rel-13 eDRX WI and moreover, 10.24sec in the Rel-13 NB-IoT WI. On the other hand, the allowed periods do not provide maximum flexibility for applications that might have different range of delay requirements. For example, connected mode DRX cycle support a larger range of values, some shorter values, as well as some intermediate values. Therefore we propose that this new L-DRX cycle could be configured with more flexibility than legacy DRX cycle while minimizing impacts on legacy PO/PF calculation and mechanism.
Proposal 5. To define L-DRX cycle range of values to allow the usage of legacy PO/PF calculations with minimal impact while providing flexibility on the allowed reachability delays. Therefore, to consider the usage of connected DRX cycle values, e.g. up to 5.12s or 10.24s, for the L-DRX cycle range.
The release of a UE into RRC_IDLE is usually triggered by eNB after having no UE traffic activity for certain time (generally referred to as RRC inactivity timer). LTE uses protocol layer transparency which means that each protocol layer often provides its own UE identity. For example, C-RNTI is an RRC based UE ID whereas S-TMSI is NAS-based. In the legacy paging mechanism, the MME always triggers the paging to a UE in idle mode using the UE NAS identity (S-TMSI) which is currently shared over S1-AP paging message. For UEs in light connection, the UE ID used for the RAN-based paging could be based on a Rel-13 UE Resume ID, S-TMSI, or a new network configured ID. 
Proposal 6. To discuss the UE ID which is used for paging record when the UE is in the light connection: NAS UE ID (i.e. S-TMSI), Rel-13 UE Resume ID, or a new network configured ID.
Proposal 7. To take as a baseline assumption that legacy calculation of PO/PF is applicable when paging UEs in light connection or when using L-DRX paging (the agreement could be revisited if issues are found).
Furthermore, it is important to discuss how the paging message is sent to the UE: in our understanding there is no need to define a new message, and legacy RRC paging message could still be used understanding that extensions that might help to optimize the behaviour could further been considered. 
Proposal 8. To use legacy RRC paging message when paging UEs configured with L-DRX cycle, leaving FFS any optimizations or extensions that might be desirable.
2.4 Paging Area for UEs suspended in light connection
During Rel-13 paging optimization was introduced to provide assistance information to the MME from the eNB including recommended cells/eNBs lists. These lists may be formulated by the eNB using the UE history information IE and UE history information from UE IE that the UE provides potentially containing the list of visited cells after coming back from idle. The eNB may also have information on cells from neighbouring eNBs that are most likely for the UE to be camping on.
Assuming the RAN-based paging mechanism described above is defined, we need to consider how the UE can be reached if it has moved away from its serving cell. The contribution [2] considers the CN signaling impact when the cell changes are made and it is observed that there is still benefit to use this solution considering that UE context fetch mechanism would be used similarly in the Rel-13 CIoT UP solution. In order to ensure that there is minimal Uu signalling incurred during mobility for UEs in idle mode when configured with L-DRX, a Paging area that consists of a group of cells, potentially in different eNBs needs to be considered.  The agreed UE ID as discussed above would be valid, unique and recognized at least within this area. Whenever there is downlink data for the UE, this would require using X2 (further defined in RAN3) to carry Paging message to other eNBs in the Paging area.  How the Paging area is maintained is FFS.  
Proposal 9. A Paging area (PA) concept is applicable for the RAN-based paging mechanism; details are FFS considering that PA consists of a group of cells where the UE ID used for such paging is valid, unique and recognized at least within that area.

3 Conclusion

The Light DRX (L-DRX) paging cycle and mechanism described in this contribution are summarized in the table below where also shown for comparison are the behaviours of legacy UEs released or suspended:
	
	UE is released
	UE is released with suspend indication (Rel-13 CIoT UP)
	UE is released with suspend indication and eNB maintains UE as lightly connected 
(MME not informed)

	Paging DRX: configuration
	· Cell default DRX cycle, which is a broadcasted value; or 

· UE specific DRX cycle, which is configured via NAS TAU/Attach proc.
	· Cell default DRX cycle, which is a broadcasted value; or 

· UE specific DRX cycle, which is configured via NAS TAU/Attach.
	· L-DRX cycle, which is configured via RRC per UE .

	Paging DRX: value range
	· 320, 640, 1280, 2560ms
	· 320, 640, 1280, 2560ms
	· Larger range within the SFN range (e.g. up to 5.12 or 10.24s) and more intermediate values (similar to connected DRX cycle) possible.

	Paging DRX: calculation
	· Legacy PO/PF calculation
	· Legacy PO/PF calculation
	· Legacy PO/PF calculation

	UE paging ID
	· S-TMSI
	· S-TMSI
	· FFS: NAS UE ID (i.e. S-TMSI), Rel-13 UE Resume ID, or a new network configured ID

	RRC paging message
	· Legacy RRC paging message
	· Legacy RRC paging message
	· Legacy RRC paging message (leaving FFS extensions)

	UE context
	· Released in UE and eNB
	· Stored in UE and eNB 
	· Stored in UE and eNB

	S1-U bearer 
	· Tear down and setup
	· Tear down and setup
	· Maintained 


Therefore, the proposals of this contribution are summarized below:
Proposal 1.
To define a mechanism that allows more dynamic configuration of the paging DRX cycle used by UE via RRC dedicated signaling i.e. RAN based paging DRX cycle.
Proposal 2.
The eNB could provide an indication in the release message if the eNB wants to place the UE into the suspended light connection (where the S1 connection is maintained).
Proposal 3.
The new indication or a RAN based paging DRX cycle could be used when configuring UEs in light connection. These are referred as "Light connection" indication (L-ID) or "Light DRX" (L-DRX) cycle.
Proposal 4.
The "Light DRX" (L-DRX) cycle is configured to the UE through the suspend procedure i.e. RRC Connection Release including Rel-13 Resume ID indication and the new L-DRX cycle value.
Proposal 5.
To define L-DRX cycle range of values to allow the usage of legacy PO/PF calculations with minimal impact while providing flexibility on the allowed reachability delays. Therefore, to consider the usage of connected DRX cycle values, e.g. up to 5.12s or 10.24s, for the L-DRX cycle range.
Proposal 6.
To discuss the UE ID which is used for paging record when the UE is in the light connection: NAS UE ID (i.e. S-TMSI), Rel-13 UE Resume ID, or a new network configured ID.
Proposal 7.
To take as a baseline assumption that legacy calculation of PO/PF is applicable when paging UEs in light connection or when using L-DRX paging (the agreement could be revisited if issues are found).
Proposal 8.
To use legacy RRC paging message when paging UEs configured with L-DRX cycle, leaving FFS any optimizations or extensions that might be desirable.
Proposal 9.
A Paging area (PA) concept is applicable for the RAN-based paging mechanism; details are FFS considering that PA consists of a group of cells where the UE ID used for such paging is valid, unique and recognized at least within that area.
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