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1
Introduction

This contribution discusses how UE history information can be enhanced to enable an eNB to make an informed decision of whether to release an RRC connection or keep the UE in RRC connected mode in order to optimise support of small packet transmission in the network. The proposals build on the study in TR 36.822 on ‘enhancements for diverse data applications’ and the SA2 agreement in LS S2-133860 to allow eNB send a container to MME with RAN assistance information. 
2
Discussion
The generation of small data packets at intermittent time intervals, such as smartphone background traffic or machine type communication traffic, may result in UE being kept by the network in DRX connected mode rather than being sent to RRC idle mode. Such an approach will prevent the UE having to intermittently set up a connection to the network to send a small data packet if network releases the connection after each small packet transfer. The RAN2 study on enhancements for diverse data applications , documented in TR 36.822, highlights the trade-off in network signalling, UE battery consumption and resource usage between keeping the UE in RRC connected mode and moving the UE to RRC idle after packet transmission. 

A UE in RRC Connected mode has to perform handover (whether there is user plane data to transfer or not) and the rate of handover typically increases if the UE mobility is high and the network is made up of small cells. Each handover would result in an additional 34 bytes in uplink signalling on the radio interface and 100 bytes in downlink signalling on the radio interface according to TR 36.822.
However, sending a UE too quickly to RRC Idle can also create a signalling problem, especially if UE has to frequently setup the connection again to send a small packet. According to TR 36.822, each RRC Connection setup/release creates around 60-70 bytes signalling on the uplink and 120-193 bytes on the downlink.

It is thus important for the network to be aware of how much data a UE is generating, how often the UE is generating the data and also how mobile the UE is when deciding whether to keep the UE is RRC connected or send the UE to RRC Idle.

The following section describes how the existing UE history Information feature can be enhanced to optimise the network decision on when to leave the UE in RRC Connected and when to release the RRC Connection.
3. Enhanced UE History Information handling to optimise small packet transmission
 ‘UE history information’ IE contains information about last visited cells, the time UE stayed in those cells and the cause of handovers. The main motivation for this feature is to allow the eNB receiving the information to optimise the handover procedure, especially to avoid ping-pong handovers.
However, we believe that UE history information can also be enhanced to help an eNB decide whether to keep a UE in RRC connected or whether to release the connection following the transfer of a small packet. As described in Section 2, eNB needs to know whether the UE is generating small packets, how often those packets are being generated and also the mobility state of the UE.

For example, UE history information might indicate that the UE has done several cell transitions (with different cell ids) in a short time, which can indicate that UE is moving at high speed. An eNB may decide to release the RRC connection based on this information, but it should only do so if it is confident that the UE is not consistently generating a lot of data or it is not generating small packets of data at short time intervals e.g. shorter that the cell dwell time, which would require UE to constantly set up an RRC connection.
The eNB might implement a traffic inactivity timer, which should ideally not expire as long as UE has an on-going data transfer,  and keeping the UE in DRX connected mode (even though it is moving at high speed) would then be justified. What the eNB is not aware of is how often a UE will be sending a small packet of data when the interval is longer than the traffic inactivity timer but perhaps still short enough to cause a number of RRC state transitions whilst UE is in a cell. 

To address this problem, we believe that the UE history information can be enhanced to capture the amount of traffic generated by the UE in last visited cells on the uplink and downlink.
Figure 1 illustrates the principles of how the uplink and downlink traffic volume information could be used to help an eNB decide when to send UE to RRC_Idle and how the UE history information of the UE can be preserved when UE is sent to RRC_Idle mode for a temporary amount of time before it enters RRC connected mode again to send more data.
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Figure 1: Principles of UE history information handling for controlling UE RRC state transitions

According to Figure 1, the following sequence of events can be foreseen for the collection and use of UE history information:

0. UE enters RRC Connected mode to send data. This can be normal user data or a small packet (background traffic) generated by an application or the operating system. eNB keeps UE in DRX connected mode after expiry of a traffic inactivity timer.

1. eNB logs the amount of data transferred on the uplink and downlink, in addition to other already specified information e.g. cell Id and Time UE stayed in cell etc. The traffic volume may either be logged on a per cell basis or in terms of packet size and time at which packet is transferred (see Section 3.1).

2. If UE selects a cell that is controlled by another eNB, the UE history information is forwarded over X2 interface (as per already specified procedures)

3.  After collecting information for a few cells, an eNB can analyse the traffic volume pattern generated in previous cells to come to the conclusion that the UE will not be sending or receiving data soon. eNB then decides to release the UE to RRC_idle mode. 
4. According to current specifications, sending the UE to RRC_Idle would result in a loss of UE history information. However, it is desirable that the UE history information which contains the UE past behaviour on traffic generation is kept for some time (actual time is FFS), so that it can be used to correctly determine the most appropriate RRC state for a UE by the next eNB which UE connects to. The proposed approach is:

a.  For eNB to include the UE history information in the S1 signalling sent to MME at release of the RRC connection. SA2 have already agreed on the benefit of having a container for RAN assistance information (which can contain UE history information) sent to MME at RRC Connection Release (See LS S2-133860).  
b. For MME to store that information until the next time UE enters RRC connected mode from RRC idle. 
5. A UE will re-enter RRC Connected mode after some time if there is more data to send/receive. This would typically be the case if the UE is generating background traffic.

6. During the connection setup procedure, the UE history information is pushed down to the eNB in appropriate S1 signalling by the MME. 
7. The eNB may use the received information to decide when to subsequently release the connection to RRC idle (after the current packet transmission). However, eNB has to be aware of when was the last time that the UE was sent to RRC_idle, and hence whether the UE history information is valid. This can be achieved by an eNB including the absolute time at which the RRC Connection is released in a particular cell in the UE history information, before forwarding it to the MME. In this way, an eNB subsequently receiving the information can decide whether it is relevant or whether to restart collecting UE history information (and disregard information from MME). Similarly, it is desirable for eNB to subsequently include the last time at which UE entered connected mode from RRC _idle as part of the visited cell information where UE entered connected mode. 
3.1. Additional Information Required in UE history information
As described above, it is proposed that UE history information is enhanced to contain the following Information:
1) Uplink and Downlink Traffic Volume

2) Absolute time when UE was last sent to RRC_idle in the last visited cell in connected mode and timestamp of when UE last entered connected mode. 
3.1.1 Uplink and Downlink Traffic Volume

A simple approach  (that is not too onerous on the amount of information that eNB would have to gather and forward) would be for a source eNB to log the volume of data sent on the uplink and downlink for the UE whilst it is in the cell i.e. on a per cell basis and include that information at handover.
Traffic analysis of light background traffic generated by smart phones (as detailed in TR 36.822) indicates that a small packet size on the uplink typically ranges between 0 and 400 bytes, with sizes up to 1500 bytes being rare. On the downlink, small packet sizes can range from 0 to 1500 bytes.
Thus the format of how this information can be reported in the UE history information can be even further simplified by an indication of whether the amount of data transferred is one of the following:
1) 0 bytes

2) Less than  X bytes 
3) Between X and Y bytes

4) More than Y bytes

The actual thresholds can be left for FFS but as an example, X could be 400 bytes and Y could be 1500 bytes based on traffic analysis results on background traffic in TR 36.822. 
3.1.2 Absolute time when UE released to RRC Idle in last visited cell in connected mode and last entered connected mode
An absolute time format is already defined in TS 36.331 for the purpose of Minimisation of Drive Test feature and can be re-used for indicating the time at which eNB releases the RRC connection or last time UE entered connected mode. The format used in TS 36.331 is YY-MM-DD HH:MM:SS and uses BCD encoding. The first/ leftmost bit of the bit string contains the most significant bit of the most significant digit of the year and so on.
RAN3 should discuss whether information about the year and month are needed or a shorter format of DD:HH:MM:SS would be more appropriate. 
3.2 Use of Enhanced UE History Information
After collecting the traffic volume information for a few cells, UE history information might look like as described in Table 1 for cells 1 to 6:

The eNB may use the information to deduce that after sending user data in cell 1, UE has been generating background traffic every minute (based on information about time UE stayed in each cell) and hence that UE is not expected to be transferring data within the next minute. The eNB may additionally deduce that this is a fast moving UE doing about 3 handovers every minute and hence it would be beneficial to send this UE to RRC idle mode. Hence, can help save on handover signalling and also UE battery power by sending UE to RRC idle with a low risk that UE will have more data to send immediately after release.

When eNB decides to send UE to RRC Idle, it includes the time at which the RRC connection is released in the UE history information e.g. for cell 7 in Table 1. 

As part of the normal UE release procedure, eNB sends the UE history information to the MME using S1 AP signalling. The message to use is FFS. MME stores the information together with a unique identity of the UE. 

Assuming UE is following same mobility and traffic pattern, UE will enter connected mode after going through a few cells in RRC Idle and establish a new RRC Connection and data bearer to send the small packet traffic e.g. on cell 10. During the RRC Connection establishment procedure, the MME identifies the UE (based on its identity) and downloads the stored UE history information in the S1 AP signalling. When eNB receives the UE history information, it can deduce from the time stamp of the last time UE was released to RRC Idle, whether the information is still valid for the ongoing session or has to be discarded. If, for example, UE is connecting after one minute, eNB can still assume that the previous UE behaviour pattern applies. Source eNB might use the traffic inactivity timer to confirm that UE has no more than 400 bytes to send and then release the connection to RRC Idle instead of sending the UE to Long DRX. If UE decides to keep the stored UE history information, it adds the information of the time at which UE connected to the current cell, in addition to other information it would include when UE leaves the cell.

If the UE is being sent to RRC_idle before handover, the release time of the connection is included. An example is given below. 
	Cell Id
	Time UE stayed in cell (seconds)
	UL data volume (bytes)
	DL data volume (bytes)
	RRC Connection Release time
	RRC Connection setup time

	1
	24
	More than 1500 bytes
	More than 1500 bytes
	
	2013:10:10:17:33:23

	2
	15
	Less than 400 bytes
	Between 400 and 1500 bytes
	
	

	3
	26
	0
	0
	
	

	4
	19
	0
	0
	
	

	5
	15
	0
	0
	
	

	6
	20
	Less than 400 bytes
	Between 400 and 1500 bytes
	
	

	7
	1
	0
	0
	2013:10:10:17:35:23
	

	10
	5
	Less than 400 bytes
	Between 400 and 1500 bytes
	2013:10:10:17:37:28
	2013:10:10:17:37:23


Table 1: Example of content of UE history Information with UL and DL Traffic Volume, time of RRC connection release and RRC Connection setup. 
gnoretory Informatio REQUEST Update

tion is included. to the current cell, in addition to other information on cell id, traffic
4. Conclusions
In this contribution, we highlight some of the findings of the study in RAN2 on enhancements for diverse data applications (documented in TR 36.822), and describe how the enhancement of the UE history information can help the eNB make the right decision for UE RRC state transition. More specifically, we make the following proposals:

1) RAN 3 should discuss the possibility to enhance the UE history information to contain UL/DL traffic volume generated by UE per cell in order to help eNB identify that a UE is generating background traffic or small packets at intermittent intervals and hence optimise the RRC state transition behaviour.
2) RAN3 should discuss possibility to enhance the UE history information to contain information on the last time (absolute time) that UE was released to idle by the network and last time when the UE entered RRC connected mode. 

3) RAN3 should specify the signalling of a container to the MME in relevant S1-AP procedures at RRC Connection Release to contain RAN assistance information as per SA2 agreement in S2-133860 and signalling to push RAN assistance information to eNB at RRC Connection setup. 
4) It is proposed that the RAN container includes UE history information with the proposed enhancements. 

RAN3 is kindly requested to discuss and agree on the above proposals.  
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