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Optimisations for S1-based architecture

1 Introduction

As already discussed in [1] and [2], the connection-oriented nature of the S1 architecture introduces a significant signalling overhead if the connection has to be established / released for each IP packet transfer. 

Potential optimisations have been studied by SA2 and RAN2 and captured respectively in 23.887 [3] and in 37.869 [4]. Only two of them were considered feasible from RAN point of view: Small data over NAS and keeping the UE in connected mode. 

In this document we describe a solution where the UE is kept in RCC_CONNECTED to minimise the overhead related to state transitions. We introduce power saving optimisations similar to idle mode as well as UE controlled mobility.
2 Solution description 

2.1 DRX and Power saving mode in RRC_Connected mode

In legacy S1 based architecture, two power saving modes are specified for UEs in idle mode: DRX Paging cycle and Power Saving Mode (PSM). 

Also, at GERAN#64 it was discussed that PSM should be used for UEs supporting application without any delay requirements while paging should be used for UEs supporting application with low to medium latency requirements. The two modes are illustrated below.
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Figure 1: Power saving mechanisms in idle mode

In order to fulfil the same power consumption requirements while keeping the UE in connected mode, similar power saving mechanisms are introduced in RRC_CONNECTED mode:
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Figure 2:  Power saving mechanisms in S1 connected mode
Connected mode: Active 
This mode is similar to legacy S1 connected mode. UE has a CRNTI and monitors the DCIs for UL or DL resource allocations or performs UL/DL data transmissions. After some period of inactivity (trigger FFS), the UE moves to “Connected mode - DRX” or “Connected mode - PSM“, instead of “Idle mode - paging” or “Idle mode - PSM” in legacy S1 architecture.
Connected mode: DRX 
This mode is similar to S1 Idle mode – paging except that the UE remains connected to the Base station and retains its CRNTI. It can thus be addressed directly by the Base Station with a DCI resource allocation instead of the paging message in S1 Idle mode - paging.

In Connected mode - DRX, the UE is configured with a DRX cycle similar to the idle mode paging cycle.  

At the beginning of each DRX cycle (equivalent to the paging occasion in idle mode – paging), the UE monitors the DCIs for a resource allocation for a short period of time (e.g. a few DCI intervals): 

· If no resource is assigned to the UE during this period, the UE goes back to sleep for the remaining period of the DRX cycle.
· If a resource is assigned to the UE in one DCI, the UE moves to Connected mode - active.
The UE can leave Connected mode - DRX at any time if it has UL data pending. It triggers a RACH procedure with its CRNTI and moves to Connected mode – active.

Connected mode: PSM 
This mode is similar to S1 idle mode - PSM except that the UE remains connected to the Base station and retains its CRNTI. The UE performs a RACH procedure (CRNTI) towards the base station instead of a RAU procedure when it wakes up.

When entering Connected mode - PSM , the UE starts the PSM timer with the value negotiated with the BS/CN (equivalent to T3324) and enters deep sleep mode. The UE stops performing any AS/NAS activity and is unreachable.

When the PSM timer expires, the UE triggers a RACH procedure with its CRNTI and moves to Connected mode – Active. The Base Station can then schedule the UE if there any DL data pending.

The UE can leave Connected mode - PSM at any time if it has UL data pending. It stops the PSM timer, triggers a RACH procedure with its CRNTI and moves to Connected mode – active.

Note that if the UE detects that it has moved away from the base station when waking up in DRX or PSM mode, the UE considers this as a Radio Link failure and performs the mobility procedures as described in section 2.2  

2.2 UE controlled mobility

It has already been agreed as part of the feasibility study that only UE controlled mobility is supported. This avoids the signalling overhead related to measurement configuration and reporting.

In addition, for non stationary UEs, it is very beneficial that the UE only performs reselection at the time it needs to transmit/ receive data.

The criteria for cell reselection should be identical in the S1 and Gb architecture and are discussed in a separate document ([5]).
The difference between S1 and Gb lies in the actions taken by the UE following the cell reselection decision. In S1 RRC_CONNECTED mode, this translates to a Radio Link failure and the need to re-establish the RRC connection.

In legacy S1 interface, the UE attempts first to perform a RRC connection re-establishment; this assumes that the new eNB has been prepared with the UE context (e.g. in case of handover failure) or that the new eNB can fetch the UE context from the old eNB. If this fails, the UE moves to idle mode and initiates a new RRC connection establishment with the new eNB.

As handover is not supported in the NB M2M system, we propose that the UE always initiates a new RRC connection establishment to the new BS. This avoids supporting a context fetch procedure in the system. This is illustrated below.
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Figure 3: Connection re-establishment after cell reselection 
3 Conclusion

In this document, we have described optimisations for the clean-slate proposal with the S1 architecture. The main aspects are:

· UEs always in connected mode
· DRX and PSM supported  connected mode

· UE autonomous mobility with establishment of a new RRC connection after cell reselection 

It is proposed to agree on these optimisations for the S1 architecture and captured them in the TR.
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