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1
Introduction
In this contribution, a proposal is made to introduce an ‘extended paging mechanism’ to LTE similar to that used in GSM [1]. An analysis of the LTE paging capacity is provided to indicate the limitations especially for low bandwidth systems. A simple model is then used to indicate the potential increase in paging capacity which is obtained with the introduction of the extended paging mechanism. 
2. Paging Capacity in LTE 
The current paging mechanism allows up to 4 sub frames to be used every radio frame for paging [2]. For a low bandwidth system (e.g. 1.4 MHz), it is unlikely that more than one UE can be paged per sub frame. Moreover, for Ns =4, the paging pattern is subframe 0,4,5 and 9 [2]. In radio frames where we have P-BCH transmission (subframe#0) and also SIB#1 transmission (subframe#5) in every even radio frame, it is unlikely that in such a low bandwidth system UEs would be able to be paged in those subframes. 
Figure 1 illustrates the available paging occasions in a system where only one paging record can be sent per subframe and clashes with transmission of MIB and SIB1 in subframe#0 and subframe#5 respectively.
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Figure 1: Paging occasions in a bandwidth limited system with Ns =4
Moreover, with the current design whereby the paging frame and paging occasion are both determined from the UE ID (e.g. IMSI mod 4096), a mobile whose paging occasion appears at subframe=0 and subframe#5 will  always appear in those subframes .Hence, with Ns=4, the paging capacity of the system is governed by the number of mobiles that can be paged in subframe#0 or subframe#5.
With the 1.4 MHz system, this means that Ns=4 is unusable, and hence the system has a maximum potential capacity with Ns=2 of 200 pages per second. However, this maximum potential capacity cannot be reached without incurring large (multi-DRX period) paging delays (as each paging group is an independent queue which can only serve one user once per DRX period).

UEs are expected to wake up once every DRx cycle to listen to the paging channel. From the perspective of the call set up delay a paging message for a mobile terminated call should ideally not be delayed to the subsequent DRx cycle. From an operator perspective, only a small fraction of MT paging messages should be delayed by more than one DRx cycle (e.g. 90% of UEs should be paged within 1 DRx cycle).
3 Real paging capacity
3.1 Paging Capacity without Paging Extension

In order to obtain the approximate probability that a paging message is delayed by more than one DRx cycle, we assume that the arrival of paging messages to a paging occasion follows a Poisson distribution with an arrival rate Rp paging messages/second and the service time for each paging message is the Drx cycle length. Moreover, each paging occasion can serve up to Np paging messages per DRx cycle where Np is the number of paging records that can be sent per paging occasion. We assume that paging messages which cannot be served in their assigned paging occasion are queued in the system. 

If the DRX cycle is DRX radio frames and for each radio frame we have Ns paging occasions this implies that the system has DRX*Ns queues to serve the UE population per tracking area.  This is illustrated in Figure 2.
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Figure 2: Modelling of paging channel as a system of multiples queues (Ns*DRx) each with multiple servers (Np).
 Even though an M/D/c queue would be a more appropriate model, we model the system with an M/G/c/K queue as analytical results are more readily available for this model [3] and assume K = 20 instead of infinity. ‘G’ in the model implies that the steady state probabilities apply in the general case [3].
Table 1 summarises the supported load per queue or paging occasion with a 10% blocking probability for the case of a DRx cycle of 2.56 seconds and also 1.28 seconds. The table also provides the real paging capacity assuming that each radio frame is a paging frame.

	System Bandwidth
	Np 
	Mean service time per server = DRx cycle 
	probability of not being served in 1st paging occasion
	Supported traffic load per queue (Rp)
	Number of queues in system = DRX length (RF)*Ns
	Real paging capacity (paging messages /s)

	1.4
	1
	2.56
	0.1
	0.12
	512
	61.4

	3.0
	2
	2.56
	0.1
	0.32
	512
	163.8

	5.0
	4
	2.56
	0.1
	0.80
	1024
	819

	1.4
	1
	1.28
	0.1
	0.24
	256
	61.4

	3.0
	2
	1.28
	0.1
	0.64
	256
	163.8

	5.0
	4
	1.28
	0.1
	1.6
	512
	819


Table 1: Paging Capacity without Paging Extension for DRx cycle Length of 2.56s and 1.28s
One observation from Table 1 is that the overall real paging capacity is independent of the DRx cycle length as would be expected.
3.2 GSM Paging Capacity

One application for the low bandwidth LTE systems might be to replace GSM systems. Hence it is logical that such an LTE system has a similar paging capacity to a GSM system. 

The maximum potential paging capacity of a normal GSM system (one non-combined CCCH, BS-AG-BLK-RES=1) is 32 TMSIs per 51 TDMA frames which equals 136 TMSIs/second. However, this theoretical limit cannot be reached and a more practical limit is around 95 TMSIs/second.
Each GSM paging message (type 3) can page four TMSIs. Hence, paging delays only occur if more than 4 mobiles from one paging group need to be paged within one DRX cycle. To alleviate problems further, the “extended paging” concept allows extra pages to be spilt over into an adjacent paging group.
3.3 Paging Extension Mechanism for LTE
In GSM, an extended paging mechanism is used whereby the mobile station  can be instructed in its normal paging occasion to also receive the message sent in the next but one paging occasion ( the “next but one” paging occasion is used rather than the “next” paging occasion in order to allow time for the mobile to process the first message) [1]. A ‘Paging Mode’ indicator is used to indicate whether normal paging or extended paging is used. It is proposed that such a mechanism is also used for paging in LTE. A Paging Mode indicator should be added to the paging message to indicate when extended paging is used.  The mechanism of ‘next but one’ paging occasion  is illustrated in Figure 3 below..
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Figure 3: Illustration of the ‘Next but one paging mechanism’ for case Ns =2 i.e. subframes 4 and 9 are used as paging occasions.

In order to illustrate the potential gain of using such a mechanism we extend our simple model in Figure 2 to take into account that a paging message which cannot be served by its paging occasion will be served in another paging occasion within a very short period (much less than the DRx cycle) . We assume that the extra delay incurred is thus negligible and hence the system behaves as if there are twice as many servers per paging occasion with half as many paging occasions. Figure 4 illustrates the model. 
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Figure 4: Model of system with extended paging
Table 2 indicates the paging capacity with paging extension
	System Bandwidth
	Effective Np per queue (2 paging occasions)
	Mean service time for each server/s
	Blocking probability
	Supported traffic load per queue (Rp)
	Number of queues in system = (DRX length [RF]*Ns/2
	Real paging capacity (paging messages /s) with no extended paging
	Real paging capacity assuming paging extension
	%gain in real paging capacity

	1.4
	2
	2.56
	0.1
	0.32
	256
	61.4
	81.9
	33%

	3.0
	4
	2.56
	0.1
	0.8
	256
	163.8
	204.8
	25%

	5.0
	8
	2.56
	0.1
	1.95
	512
	819
	998.4
	22%

	1.4
	2
	1.28
	0.1
	0.64
	128
	61.4
	81.9
	33%

	3.0
	4
	1.28
	0.1
	1.6
	128
	163.8
	204.8
	25%

	5.0
	8
	1.28
	0.1
	3.9
	256
	819
	998.4
	22%


Table 2: Paging Capacity with Paging Extension and percentage gain relative to a system with no extended paging.
Proposal 1: The extended paging mechanism used in GSM should be applied in LTE to avoid MT paging messages from being delayed by more than one DRx cycle under heavy traffic load conditions especially for low bandwidth systems.
4. RRC Impacts for Introducing Extended Paging Mechanism
Proposal 2: A Paging Mode indicator is introduced in the paging message to indicate whether extended paging is used.
If extended paging is used the UE behaviour should be to wake up in the next but one subframe used as a paging occasion to read the next paging message
Proposal 3: If extended paging is used the UE behaviour should be to wake up in the next but one subframe used as a paging occasion to read the next paging message

A text proposal is provided in the appendix to capture the extended paging mechanism procedure for LTE. 
5
Summary
In this document the following proposals are made:

Proposal 1: The extended paging mechanism used in GSM should be applied in LTE to avoid MT paging messages from being delayed by more than one DRx cycle under heavy traffic load conditions especially for low bandwidth systems.

Proposal 2: A Paging Mode indicator is introduced in the paging message to indicate whether extended paging is used.
Proposal 3: If extended paging is used the UE behaviour should be to wake up in the next but one subframe used as a paging occasion to read the next paging message
Our analysis reveal that the Real LTE paging capacity for a low bandwidth system is severely limited and using the extended paging mechanism can increase the paging capacity by about  30%. 

RAN2 is kindly requested to discuss the proposals in this document and agree to the proposed changes to TS 36.331. 
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5.3.2 Paging

5.3.2.1
General
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Figure 5.3.2.1-1: Paging

The purpose of this procedure is to transmit paging information to a UE in RRC_IDLE and/ or to inform UEs in RRC_IDLE and UEs in RRC_CONNECTED about a system information change. The paging information is provided to upper layers, which in response may initiate RRC connection establishment, e.g. to receive an incoming call. 

5.3.2.2
Initiation

E-UTRAN initiates the paging procedure by transmitting the PAGING message at the UE’s paging occasion as specified in TS 36.304 [4]. E-UTRAN may identify multiple UEs within a Paging message.

5.3.2.3
Reception of the Paging message by the UE

Upon receiving the Paging message, the UE shall:

1>
If in RRC_IDLE, for each of the Paging records included in the Paging message:

2>
If the ue-identity included in the pagingRecordList matches one of the UE identities allocated by upper layers:

3>
forward the ue-Identity and the pagingCause to the upper layers.

1>
If the systemInfoModification is included:

2> re-acquire the required system information using the system information acquisition procedure as specified in 5.2.2.

1> If the Extendedpagingmode Indicator is set to ‘true’, UE shall wake up again (to read the next paging message) in the next but one subframe which is used as a paging occasion after the one in which it received the paging message.

End of change
Start of Change

Paging
The Paging message is used for the notification of one or more UEs.

Signalling radio bearer: N/A

RLC-SAP: TM

Logical channel: PCCH

Direction: E‑UTRAN to UE

Paging message
-- ASN1START

Paging ::=




SEQUENCE {

pagingRecordList




PagingRecordList 


OPTIONAL,
-- Need OP

systemInfoModification



ENUMERATED {true}


OPTIONAL,
-- Need OP
ExtendedPagingMode


        ENUMERATED {true}
        OPTIONAL,
-- Need OP

...

}

PagingRecordList ::=



SEQUENCE (SIZE (1..maxPageRec)) OF SEQUENCE {



ue-Identity





PagingUE-Identity,



pagingCause





PagingCause


}

-- ASN1STOP

	Paging field descriptions

	ExtendedPagingMode

This field indicates whether extended paging is used.   

	ue-Identity

Field description is FFS.

	pagingCause

Field description is FFS.

	 systemInfoModification

If present: indication of a BCCH modification.
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UE1 wakes up   again here to listen to paging message





UE1 reads paging message: extension indicated
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“next but one” paging occasion





UE2 reads paging message: extension indicated





UE2 wakes up again here to listen to extended paging message
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Each queue represents one paging occasion with service time per server = DRX cycle time
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Each queue represents two paging occasions with service time per server = DRX cycle time. Each queue has (2*Np) servers
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