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1. Introduction

Annex A contains a text proposal for section 5 of TR 36.822 based on email discussion [76#37]:
[76#37] - LTE: EDDA discussion on RRC Signalling and DRX efficiency [RIM]

-Will have an email discussion until next meeting to try to agree on which evaluations on RRC Signalling and DRX to include in the TR. 

=> Intended outcome: Agreed update of the TR

Annex A – Text Proposal
5
Evaluation of existing EUTRAN functionality

Editor’s note:  Intention is to include evaluations for existing functionality in Rel-8/9/10
5.2
Evaluation of RRC State Transitions
5.2.1
Signalling Associated with RRC Connection Setup/Release
Some traffic profiles have the potential to cause frequent RRC connection setup/release cycles.

This section provides an understanding of the cost of setting up each RRC connection, which may be of relevance for background traffic where the volume of user data exchanged during each of the RRC connection durations may be small.

Two example RRC connection setup/release sequences are shown in Tables 5.2.1-1 and 5.2.1-2 .  Both examples assume that all messages are received without errors (i.e. no retransmissions).  At the start of the sequences, the UE is assumed to be in EMM_REGISTERED and in ECM_IDLE.

In Table 5.2.1-1, some of the associated layer 1 control aspects are also included.  MAC PDU sizes are shown without padding (or padding sub-headers).  CQI/CSI transmissions may also be present following the RRC Connection Setup message but are not explicitly shown in the table. 

Table 5.2.1-2 shows an alternative example RRC connection setup/release sequence. The associated layer 1 signalling is not explicitly shown in this table (except for the RACH preamble).

Table 5.2.1-1 – RRC Connection Setup / Release Sequence – Example 1
	Step
	( UL

( DL
	Contents (of MAC PDU or L1 control)
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL

	1
	(
	Preamble
	--
	--

	2
	(
	Random Access Response (+PDCCH DL grant)
	--
	8

	3
	(
	RRC Connection Request
	7
	--

	4
	(
	PHICH ACK
	--
	--

	5
	(
	Contention Resolution CE (+PDCCH DL grant)
	--
	7

	6
	(
	PUCCH ACK
	--
	--

	7
	(
	RRC Connection Setup (+PDCCH DL grant)
	--
	30

	8
	(
	PUCCH ACK
	--
	--

	9
	(
	Scheduling Request
	--
	--

	10
	(
	PDCCH UL grant
	--
	--

	11
	(
	RRC Connection Setup Complete (inc. NAS Service Request) + PHR + short BSR
	20
	--

	12
	(
	PHICH ACK
	--
	--

	13
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	14
	(
	PUCCH ACK
	--
	--

	15
	(
	Security Mode Command (+PDCCH DL grant)
	--
	11

	16
	(
	PUCCH ACK
	--
	--

	17
	(
	Scheduling Request
	--
	--

	18
	(
	PDCCH UL grant
	--
	--

	19
	(
	Security Mode Complete + RLC Status PDU + PHR + short BSR
	17
	--

	20
	(
	PHICH ACK
	--
	--

	21
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	22
	(
	PUCCH ACK
	--
	--

	23
	(
	RRC Connection Reconfiguration (+PDCCH DL grant)
	--
	45

	24
	(
	PUCCH ACK
	--
	--

	25
	(
	Scheduling Request
	--
	--

	26
	(
	PDCCH UL grant
	--
	--

	27
	(
	RRC Connection Reconfiguration Complete + RLC Status PDU + PHR + short BSR
	19
	--

	28
	(
	PHICH ACK
	--
	--

	29
	(
	RLC Status PDU (+PDCCH DL grant)
	--
	3

	30
	(
	PUCCH ACK
	--
	--

	31
	(
	RRC Connection Release (+PDCCH DL grant)
	--
	10

	32
	(
	PUCCH ACK
	--
	--

	33
	(
	Scheduling Request
	--
	--

	34
	(
	PDCCH UL grant
	--
	--

	35
	(
	RLC Status PDU
	3
	--

	36
	(
	PHICH ACK
	--
	--

	Total Bytes
	66
	120

	Number of occupied subframes
	18
	18


Table 5.2.1-2 – RRC Connection Setup / Release Sequence – Example 2
	Step
	( UL

( DL
	Contents (of MAC PDU)
	MAC PDU Size (Bytes)

	
	
	
	UL
	DL

	1
	(
	Preamble
	--
	--

	2
	(
	Random Access Response
	--
	7

	3
	(
	RRC Connection Request
	7
	--

	4
	(
	RRC Connection Setup + UE Contention Resolution Identity MAC CE)
	--
	38

	5
	(
	Buffer Status Report
	2
	--

	6
	(
	RRC Connection Setup Complete (+ NAS Service Request)
	20
	--

	7
	(
	RLC Status Report 
	--
	3

	8
	(
	Security Mode Command 
	--
	11

	9
	(
	RRC Connection Reconfiguration (+NAS: Activate Dedicated EPS Bearer Context Req)
	--
	118

	10
	(
	Buffer Status Report
	2
	--

	11
	(
	Security Mode Complete 
	13
	--

	12
	(
	RRC Connection Reconfiguration Complete 
	10
	--

	13
	(
	RLC Status Report
	--
	3

	14
	(
	Buffer Status Report
	2
	--

	15
	(
	ULInformationTransfer (NAS: Activate Default EPS BEARER Context Accept)
	13
	--

	16
	(
	RLC Status Report
	--
	3

	17
	(
	RRC Connection Release 
	--
	10

	18
	(
	RLC Status Report
	3
	--

	Total Bytes
	72
	193


5.2.2
Signalling Load
RRC state control may be based on inactivity timers within the eNB.  Following the detection of data inactivity for a period of time, the eNB may choose to direct the UE to idle mode via the sending of an RRC Connection Release.  The presence of user plane traffic will trigger a subsequent return to connected mode via an RRC Connection Setup procedure (such as those shown in section 5.2.1).

Some traffic types (e.g. background and IM) comprise regular or sporadic short data exchanges that may be relatively widely interspersed in time.  In this case, one of two outcomes is likely to result depending upon the network’s configuration of the RRC inactivity timer:

A) For shorter timer values, the frequency of RRC state transitions becomes high: as a result, Uu and S1 signalling overheads are increased

B) For longer timer values, Idle mode is seldom used:  The background activity retains the device in an RRC connected mode state

This section provides analyses concerning how RRC inactivity timer values affect RRC connection frequency (and hence signalling load) and the proportion of time the UE would spend in connected mode as a result.

5.2.2.1
Results for Background Traffic

Figure 5.2.2.1-1 shows the number of complete RRC connection setup/release cycles per minute that would result in the presence of background traffic as a function of varying an RRC inactivity-timer within the eNB.  The results are for the case of zero or low mobility.  Numerical legend labels correspond to the traffic scenario Trace IDs listed in Annex A.1.  Alphabetical legend labels correspond to traces from other sources as listed in Annex A.2.

Figure 5.2.2.1-2 shows the corresponding percentage of time that the UE would spend in the connected mode.
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Figure 5.2.2.1-1:  RRC Connection Frequency vs. RRC inactivity timer value (Background Traffic)
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Figure 5.2.2.1-2:  Time in Connected Mode vs. RRC inactivity timer value (Background Traffic)

5.2.2.2
Results for IM Traffic

Figure 5.2.2.2-1 shows the number of complete RRC connection setup/release cycles per minute that would result in the presence of IM traffic as a function of varying an RRC inactivity-timer within the eNB.  The results are for the case of zero or low mobility.  Numerical legend labels correspond to the traffic scenario Trace IDs listed in Annex A.1.  Alphabetical legend labels correspond to traces from other sources as listed in Annex A.2.

Figure 5.2.2.2-2 shows the corresponding percentage of time that the UE would spend in the connected mode.
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Figure 5.2.2.2-1:  RRC Connection Frequency vs. RRC inactivity timer value (IM Traffic)
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Figure 5.2.2.2-2:  Time in Connected Mode vs. RRC inactivity timer value (IM Traffic)

5.3 Evaluation of Mobility related Signaling
5.3.1 Signaling associated with Handover

While the UE remains in RRC Connected state, mobility from one cell to another cell involves a Handover procedure. Handover involves signaling on both the Uu and backhaul (X2/S1) interfaces, and  an example of the signaling on the Uu interface is given in Figure 5.3.1-1. 
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Figure 5.3.1-1:  Signaling Flow Associated with Handover

Editor’s Note: Byte and subframe counting for HO procedure to be added in later version of the TR.
5.3.2 Selecting RRC State for a mobile UE

The cost of mobility in RRC Conncted state is higher than the cost of mobility in RRC Idle State. While the cost of RRC Connected mobility is given in Section 5.3.1, RRC Idle State mobility in most cases does not involve any air interface or backhaul signaling. The exception is when a UE in RRC Idle State moves outside the network provided list of tracking areas and neads to perform a Tracking Area Update procedure. In this section (Section 5.3), it is assumed that the UE does not move outside the list of assigned tracking areas.

Due to the fact that in the current LTE system, UE-controlled mobility applies only in idle mode, then from the point of view of mobility signaling alone, it is desirable to place the UE in RRC Idle State as much as possible. However, as noted in Section 5.2, frequent transitions between RRC Idle and Connected states are also undesirable. Some example schemes that are possible within the existing LTE system for controlling the RRC state of a UE are listed below.  Each scheme obtains a different tradeoff between frequency of RRC state transitions and the frequency of mobility signaling.  However, it is also the case that each scheme achieves a different trade off between the time spent in the connected and idle modes and hence impacts to UE battery consumption, the number of simultaneous RRC connections within a cell/eNB and the usage of system resources are also of importance and need to be taken into consideration.

1. Full use of RRC Connected State: In this scheme, the UE never transitions to RRC Idle State.
2. Network Initiated RRC Release (based on RRC Inactivity Timer in the Network): As mentioned in Section 5.2, the eNB can release the RRC connection when there is no data activity for a period exceeding an RRC inactivity timer.
3. Network Initiated RRC Release based on mobility: In this scheme, the eNB releases a UE’s RRC connection only if both of the following criteria are met:  i) there has been no data activity for the UE for the past N seconds, and ii) a need for handover for the UE has been identified (e.g. the eNB has received a measurement report with A3 event).  Thus, the eNB performs RRC connection release instead of performing handover. If a handover is required within N seconds of previous user-plane activity, the handover is performed and the RRC connection is not released..
5.3.3 Evaluation of schemes to select a RRC State for a mobile UE

By using a traffic trace and a model for UE mobility, it is possible to compute the number of RRC State Transitions and the number of HO events. The UE mobility model may either be abstract (e.g. a random variable to model the time between handovers), or may be based on UE mobility simulations in a multicell simulation layout.

The number of RRC Connection Setup events and the number of HO events with a varying mobility rate are shown below for Trace ID-1 (of Annex A.1). 

Editor’s Note:  The current results are shown only for one Trace and for only two timer values.  Additional results may be required for other traces spanning a wider range of behaviours.  In this case, the way in which these results are presented is likely to need revision (i.e. the table below is provisional).

Table 5.3.3-1: RRC Connection Setups per Hour per UE

	Scheme
	Mobility Rate (per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	1. Full C-DRX
	0

	2a. NW Initiated RRC Release (timer 5s)
	64

	2b. NW Initiated RRC Release (timer 10s)
	53

	3a. NW Initiated RRC Release based on mobility (timer 5s)
	5.2
	12
	26
	40
	52.2

	3b. NW Initiated RRC Release based on mobility (timer 10s)
	4.1
	12.1
	22.7
	34.3
	45.6


Table 5.3.3-2: Handover Events per Hour per UE

	Scheme
	Mobility Rate (per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	1. Full C-DRX
	6
	18
	60
	180
	600

	2a. NW Initiated RRC Release (timer 5s)
	0.6
	1.8
	6.1
	18.5
	62

	2b. NW Initiated RRC Release (timer 10s)
	1.0
	3.3
	10.9
	32.3
	109

	3a. NW Initiated RRC Release based on mobility (timer 5s)
	0.5
	1.0
	5.4
	18.0
	63

	3b. NW Initiated RRC Release based on mobility (timer 10s)
	1.1
	3.7
	10.3
	33.0
	111


Table 5.3.3-3: Fraction of Time in Connected Mode

	Scheme
	Mobility Rate (per minute per UE)

	
	0.1
	0.3
	1
	3
	10

	1. Full C-DRX
	1
	1
	1
	1
	1

	2a. NW Initiated RRC Release (timer 5s)
	0.1
	0.1
	0.101
	0.102
	0.103

	2b. NW Initiated RRC Release (timer 10s)
	0.166
	0.183
	0.181
	0.179
	0.181

	3a. NW Initiated RRC Release based on mobility (timer 5s)
	[0.91]
	[0.79]
	[0.55]
	[0.32]
	[0.19]

	3b. NW Initiated RRC Release based on mobility (timer 10s)
	[0.92]
	[0.81]
	[0.59]
	[0.38]
	[0.25]


From the above results, the following observations can be made about balancing mobility and RRC state transition signalling, in the context of background applications.

1. Use of Full Connected DRX, i.e. not having any transitions to RRC Idle mode can eliminate the RRC Connection Setup and Release signalling, with mobility signalling events then being proportional to the mobility of the UE.

2. Use of NW initiated RRC Release based on fixed inactivity timers can result in a high number of RRC Connection Setup (and Release) events, while maintaining a number of mobility events that is dependent on the length of the timer. 

3. Use of network initiated RRC release based on mobility at low mobility, exhibits handover and RRC connection setup frequencies similar to Full Connected DRX, while at high mobility the frequency of RRC connection setups and handovers are similar to NW Initiated RRC release.

< next changed section >
A.2
Additional Traffic Sources Used for Evaluation
Table A.2-1:  Additional Traffic Sources Used for Evaluation

	Trace-ID
	Source Company
	Description
	Mean Rate (Bytes/s)
	Mean IP Packets Per Second

	
	
	
	DL
	UL
	DL
	UL

	A
	Huawei
	R2-116167, Background Trace, Appendix 6.2
	
	
	
	

	B
	Huawei
	R2-116167, IM Trace, Appendix 6.3
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