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1 Introduction

In RAN#62 meeting, the new WI proposal “RAN enhancements for Machine-Type and other mobile data applications Communications” was approved. The objectives of the WI are to improve signalling efficiency and UE power consumption. For UE power consumption, RAN2 is to enhance specifications to align with the CT1 conclusion about introducing a new “power saving state”; For signalling overhead reduction and UE power consumption optimization, RAN2 evaluate the need and, if so, introduce assistance information to help RAN nodes to configure the RRC connection accordingly.
As part of the WI, it is suggested that RAN2 focus on signalling overhead reduction in 2014 Q1. Therefore, in this contribution we will address the assistant information for signalling overhead reduction.
2 Discussion 

According to the WID [1], for signalling overhead reduction, RAN2 needs to evaluate whether assistant information is needed and, if so, introduce assistant information to help RAN nodes to configure the RRC connection. Besides, RAN2 also need to decide whether the assistant information is originated from CN or from eNB/RNC. In the following sections, we try to address these aspects. And for simplicity, we take LTE for example.
2.1 Whether assistant information is needed
Signalling overhead reduction aims for reducing the signalling caused by transferring of small amounts of data generated by both machine-type and non-machine-type devices and applications, which may result in frequent connected/idle transition. This WI focuses on the method of keeping UE in connected state to reduce the transition. The simplest way to reduce the connected/idle transition is to keep UE always in connected state, and it may save nearly 50% signalling for stationary UE. But when UE speed increases, the gain will decrease. For large UE speed, the signalling may even increase instead, as shown in Figure 1 [2]:
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Figure 1 PDSCH load. Packet pair IAT = 10min. Pkt size=100bytes
Therefore, we need to decide to keep UE in connected state for how long. To be able to know how to do this, eNB needs to know how the frequency of idle/connected transition and the frequency of handover are impacted. 

The frequency of handover is determined by UE speed. For UE speed information, it has already been agreed in the HetNet WI that UE reports cell history information (including time of stay in each visited cells) of up to 16 visited cells when connecting to the eNB. Therefore, every time UE enters connected state, eNB will get quite accurate UE speed information based on the cell history information, and it is not necessary to introduce additional assistant information of UE speed provided to eNB.

The frequency of idle/connected transition is determined by UE traffic. Whether traffic information is useful for the signaling overhead reduction relies on whether the traffic has certain regularity. If the traffic presents certain regularity/pattern statistically and do not change too fast, there is possibility for eNB to optimize the parameters to reduce the signalling. But if the traffic is completely random, there is no way for eNB to do any optimization. What is lucky is that most of machine-type applications exhibit strong regularity and lasts in a considerably long period. Even for traffic of smart phone, the background traffic presents regularity. As user will not be active for most of the time, optimization for back group traffic is also possible to significantly reduce signalling overhead. Therefore, we think signalling overhead reduction based on traffic profile is beneficial and feasible.

Proposal 1:  RAN2 to agree that signalling overhead reduction based on traffic pattern information is beneficial and feasible.
Currently, eNB can only get traffic pattern information for UE already in connected state by analysing its traffic by itself. And for UEs who just get into connected state, eNB doesn’t know their traffic information, since eNB will release the UE context every time UE enters idle state. Consequently, eNB cannot deduce the frequency of idle/connected transition from the limited traffic information during one connection. There are three possibilities for eNB to solve this problem:
1) UE reports traffic pattern information when UE gets into connected state. Since it is ruled out by the WID, we will not consider this option.

2) eNB stores UE traffic pattern information acquired during the last connection, and uses it the next time UE enters connected state. Then eNB updates the information based on the traffic during this connection. This method requires eNB to store a lot of UE information, especially when the number of UEs is large. Besides, if UE reselects to another eNB, there should be ways for the new eNB to fetch the information from the old eNB.
3) When eNB releases UE connection, it uploads the traffic pattern information to the CN, and gets it the next time UE connects to the eNB. This method requires the definition of traffic pattern information transmitted through S1-interface (maybe x2 as well), but has less impact to the eNB.
4) CN directly tells eNB the traffic pattern information when UE gets into connected state. Similar to solution 3, this solution has less impact to eNB.

From the above analysis, we can see that solution 3 and 4 have less impact to eNB. And We propose:

Proposal 2: For signalling overhead reduction, assistant information from CN is necessary.
2.2 Where is the assistant information generated from
The assistant information can either be generated from eNB or from CN. To decide whether eNB or CN generates the assistant information, let’s first look at what assistant information is needed.

As discussed early, to reduce signalling overhead, eNB needs to know traffic pattern and UE speed to infer the idle/connected transition frequency and handover frequency. The frequency of idle<->connected transition is determined by the arrival frequency of packets with packet inter-arrival time bigger than RRC release timer in a specific period. The frequency of handover is determined by the speed UE moves and the time UE stays in connected state which is also determined by the arrival frequency of packets with packet inter-arrival time bigger than RRC release timer. That is, for UE traffic information, eNB only need to know the packet inter-arrival time and its arrival frequency.
Proposal 3: For the assistant information, eNB only needs to know UE traffic information related to packet inter-arrival time and its arrival frequency.
Now, whether assistant information is generated from eNB or MME relies on whether eNB or CN can provide that information. 
eNB: 
eNB can get the packet inter-arrival time and its arrival frequency of UE traffic during one connection. But if two packets span two connection, it is impossible for eNB to get its packet inter-arrival time. There are two ways to solve this problem:

1) eNB records the arrival time of the last packet of the last connection, and when the next time UE get into connected state for traffic transmission/reception, eNB calculates the packet inter-arrival time based on the recorded time and the arrival time of the next packet (for DL, it is the time eNB receives paging from MME; for UL, it is the time UE initiates random access).

2) When UE connects to the eNB, MME tells eNB of the RRC release timer of the last connection and the time past since UE went into idle state the last time.
Solution 1 is easier since less information is required to record and transmit through S1-interface. Through this way, eNB can learn about the pattern of packet inter-arrival time.

SGW/PGW:

Since all the UL/DL traffic will go through SGW/PGW, they can also acquire the traffic information. And as SGW/PGW can keep the UE related information as long as UE is attached, they can more easily acquire complete traffic information than eNB. 
Proposal 4: The assistant information is generated from SGW/PGW.
3 Conclusions
Based on the discussion, our proposals are provided as follows:
Proposal 1:  RAN2 to agree that signalling overhead reduction based on traffic pattern information is beneficial and feasible.

Proposal 2: For signalling overhead reduction, assistant information from CN is necessary.
Proposal 3: For the assistant information, eNB only needs to know UE traffic information related to packet inter-arrival time and its arrival frequency.

Proposal 4: The assistant information is generated from SGW/PGW.
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