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1
Introduction
At RAN2#63, Vodafone raised concerns about the limited paging capacity for low bandwidth systems in R2-084150 [1]. However, other companies felt that paging capacity is not a problem in Release 8. In this document, we further elaborate our concerns in light of results described in R1-082333 [2] on the PRB resources required to send paging messages and also based on the typical paging load for GSM MSC based calls/messages.
2   System Aspects of Paging
2.1 How much resource should be devoted to paging?
GSM example:

GSM circuit switched systems operate pretty well. The GPRS PBCCH is almost never deployed. This means that both packet and circuit paging uses the GSM PCH on “timeslot zero” (there are 8 timeslots per frame).

There are two typical GSM base station configurations, one uses “one timeslot to provide the BCCH and PCH combined with SDCCHs” and the other uses a non-combined configuration with “one timeslot providing the BCCH and PCH”.

In the former case, the PCH can use TimeSlot 0 on 12 frames of the 51 frame multiframe. In the latter case the PCH typically (Cell Broadcast enabled) can use TimeSlot 0 on 32 frames of the 51 frame multiframe. However the latter configuration is normally only employed when the former configuration runs out of Access Grant CHannel capacity (which is caused by the need to assign resources to GPRS mobiles) – and it is not uncommon to have a Location Area with a mixture of cells, some having combined control channels and some non-combined. (Note: operational complexity is avoided by simply linking the control channel configuration to the number of transceivers in the cell). Hence a typical GSM/GPRS network works well with the allocation of 12 frames per 51 frame multiframe for paging.
In a small 2 transceiver cell, this roughly equates to (12/51)/16 of the cell’s capacity, e.g. 1.5% of the cell’s capacity.

In a larger 4 transceiver cell, obviously this roughly equates to 0.75% of the cell’s capacity.
2.2 Concept Transfer to LTE

When moving towards LTE, it seems unreasonable to assume that a system that is two generations newer should ‘waste’ more capacity on paging than a GSM system does.
Hence the LTE system should work well when only a small percent of the cell’s resources are configured for paging.

This translates into configurations where Ns = 1 and  Nb = QuarterT or oneEightT or onesixteenthT (2.5% to 0.625 %). 
2.3
Handling Peaks in Paging Traffic
Bursts of mobile terminating calls and SMSs do occur, e.g. during celebrations (after midnight on New Year’s Eve), disasters (Earthquakes, 7/7 bomb attacks), etc.
In GSM systems these can lead to overload of the paging channel, but that overload does not impact the traffic handling capacity of the cell. The paging channel overload can be detected by BTS and/or MSC counters/alarms. 

If necessary, enhanced Multi-Level Precedence and Priority (TS 24.067) style features can be used in the MSC (and BTS) to prioritise paging for Priority personnel. In LTE (and the PS domain in general), the mechanisms for handling excess paging channel load do not seem to have been documented.
If an LTE system where Ns = 2 or Ns = 4 is in use, and (say) an emergency causes a huge burst in paging traffic (e.g. an earthquake in Japanese city X causes friends/relatives from all over Japan to phone people in city X), then how does the eNB react?

The eNB does not know which pages are the “important” ones (e.g. relating to a call to an ambulance driver) and so it needs to prioritise paging over normal data transfer. However, if this is taken to extremes, then the paging channel will take (Ns=4) 40% of the cell’s capacity and interrupt ongoing (emergency) calls.

Controlling the reduction in the cell’s traffic handling capability can be achieved in a simple manner by setting Ns =1 and Nb < halfT. Other, more complex solutions are theoretically possible.
2.4
Suggested eNB configuration for Evaluating Paging Capacity.
Given the above discussion, it is strongly suggested that studies on LTE’s paging capacity concentrate on practical network configurations, e.g. Ns=1 and Nb = oneEightT

Note: to reduce testing effort it could be questioned whether it is worth keeping Ns=2 and (especially due to its scheduling clashes with the MIB and SIB) Ns=4 in the R8 standard.
3. PRB Resources for sending Paging Messages
In R1-082333 [2], two tables are provided which indicate the number of PRBs required to send 1, 2, 3, or 4 paging messages. The assumption in [2] is that the P-TMSI is 32 bits with 4 bits paging cause. However, in LTE an S-TMSI of 40 bits (or an IMSI) will be used for paging. Assuming paging cause is still 2 bits (this is still FFS), the paging message sizes for S-TMSI paging should be modified as in Table 1 in our view (for 1, 2, 3, 4, 5 or 6 paging records). 
According to [2] and the latest TS 36.331 specifications [3]:

Paging Size (PS) = 40 (S-TMSI) + 2 bits (paging cause) + 2 bits (S-TMSI/TMSI/CS-IMSI/PS-IMSI differentiation)
PCH payload Size = m*PS + 24 (CRC bits) + SIB modify ind + ETWS ind + (1 bit extended page ind)

	Physical resource blocks in Paging Message for Different m

	#S-TMSIs
	
	Effective Code Rate (ECR)

	m
	TBS
	~1/13
	~1/18
	~1/24

	1
	 70 ->71
	4
	6
	8

	2
	114 -> 115
	8

	10
	14

	3
	158 -> 159
	10
	12
	18

	4
	202 -> 203
	12
	18
	22

	5
	246->247
	14
	22
	28

	6
	290->291
	16
	24
	30


Table 1: Required number of PRBs for paging different number of S-TMSIs
4. Real Paging Capacity with Typical Configurations 
In cellular systems, coverage is really defined as the area in which you can make AND receive calls. Hence if you cannot receive the paging channel, you are “out of coverage”. Thus paging channel reliability is important.

If we assume that an Effective Coding Rate of 1/18 is required so that the paging message can reliably reach the UE at the cell edge, the results in Table 1 confirm our view that for 1.4 MHz channel (with a maximum of 6 PRBs available) at most 1 paging message can be sent per paging occasion. This also confirms our view that in subframes where we have MIB or SIB1 scheduling we cannot send a paging message and hence we can only use a configuration of Ns = 2 giving an absolute maximum paging rate of 200 pages per second. 
With a configuration of Ns = 2 and paging every radio frame, it implies that potentially 20% of the resources are reserved for paging. In our view, a typical network configuration should only reserve between (0.625% and 2.5%) of the system resources for paging. This can be achieved by e.g.  setting nB parameter = QuarterT (2.5%) and nB = OneSixteenthT for 0.625% .
Based on our analysis in [2], the real paging capacity for the typical configurations are summarised in Table 2 for 1.4 MHz, 3 MHz and 5 MHz system bandwidths. 

	System BW
	Paging Configuration
	Maximum number of paging records per paging message (m)
	Number of PRBs for sending paging message with m paging records (with ECR~1/18)
	Effective % of Resources Reserved
	Real paging capacity (pages/sec)

	
	Ns
	Nb
	
	
	
	

	1.4
	1
	oneEightT
	1
	6
	1.25
	3.85

	3
	1
	oneEightT
	3
	12
	1.00
	17.6

	5
	1
	oneEightT
	6
	24
	1.2
	43.2


Table 2: Real Paging Capacity with typical configuration of Resources for Paging
3. 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 typical absolute 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 a more realistic number is around 95 TMSIs/second and for a combined control channel is 36 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.

3.1 Typical Paging Load in a GSM Network

An estimate of the paging load can be calculated using the following figures:

Number of Cells in a Location Area = 100  (Note that in GSM, a 3 sectored site is 3 cells)
Number of simultaneous ongoing calls in a cell = 18

Fraction of MT calls = 0.5.

Mean hold time per call = 90s
Mean arrival rate of MT calls (an hence pages for calls) per LA = 100* (18*0.5/90) = 10 pages/s/LA
Number of subscribers per cell = 900
Number of MT SMS per user/hour = 1 (note that some of these are “class 0” SMSs that are not displayed to the user)

Mean number of MT SMS per cell per hour = 900
Mean number of MT SMS/LA/Sec = (900*100/3600) = 25 MT SMS/s/LA
Total number of MSC pages = pages for SMS + pages for calls = 10+25 = 35 pages/s
Based on this simple and conservative calculation, the typical GSM paging load is around 35 pages/sec/LA.

Note that GPRS “packet paging” load has been ignored.
With 1.25% of resources configured for paging, it is evident from Table 2, that the 1.4 and 3 MHz systems will fall short of the required paging capacity (assuming a configuration Ns = 1 and Nb = oneeightT) whereas the 5MHz system can just meet the required paging capacity.

4 Paging Extension Mechanism for LTE
In [2], Vodafone proposed that a paging extension mechanism is introduced to increase the real paging capacity of low bandwidth LTE systems. Table 3 summarises the real paging capacity with the same configuration as in Table 2 but with the extended paging mechanism used. 

	System BW
	Paging Configuration
	Maximum number of paging records per paging message (m)
	Number of PRBs for sending paging message with m paging records (with ECR~1/18)
	Effective % of Resources Reserved
	Real paging capacity with extended paging (pages/sec)
	% gain of extended paging mechanism

	
	Ns
	Nb
	
	
	
	
	

	1.4
	1
	oneEightT
	1
	6
	1.25
	5.12
	33

	3
	1
	oneEightT
	3
	12
	1.00
	21.6
	24

	5
	1
	oneEightT
	6
	24
	1.20
	50.4
	16


Table 3: Real Paging Capacity with extended paging mechanism

From Table 3, it can be observed that the extended paging mechanism can provide a gain of as much as 33% for a 1.4 MHz system. Such gains are significant considering that a paging load of 35 pages/sec is expected whereas with a typical configuration, the supported paging load is much less than this figure (5.12 pages/s for 1.4 MHz and 21.6 pages/s for 3 MHz systems). 

In light of the above observations Vodafone would like to request that RAN2 reconsiders the following proposal made at RAN2#63:

Proposal 1: The extended paging mechanism used in GSM should be applied in LTE to reduce the probability that MT paging messages are delayed by more than one DRx cycle under heavy traffic load conditions especially for low bandwidth systems when typical configurations are used. 

5. 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  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 reduce the probability that MT paging messages are delayed by more than one DRx cycle under heavy traffic load conditions especially for low bandwidth systems when typical configurations are used. 

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 subframe  used as a paging occasion to read the next paging message
Our analysis reveals that the real LTE paging capacity for a low bandwidth system is severely limited for a typical configuration where 1.25% of resources are reserved for paging (Nb = oneEightT) and using the extended paging mechanism can increase the paging capacity by about 33% for a 1.4 MHz system.
RAN2 is kindly requested to reconsider the proposals in this document (originally made at RAN2#63) and agree to the proposed changes to TS 36.331. 
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5.3.2.1
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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 or about an ETWS primary notification. 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, the cn-Domain 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 etws-PrimaryNotificationIndication is included and the UE is ETWS capable:

2>
re-acquire SystemInformationBlockType1 immediately, i.e., without waiting until the next system information modification boundary;

2>
acquire SystemInformationBlockType10;

2> if the schedulingInformation indicates that SystemInformationBlockType11 is present:

3>
acquire SystemInformationBlockType11;

 1> 
If the Extendedpagingmode Indicator is included:

2> wake up again (to read the next paging message) in the next 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


etws-PrimaryNotificationIndication
ENUMERATED {true}




OPTIONAL,
-- Need OP

ExtendedPagingMode


        ENUMERATED {true}
       

    OPTIONAL,
-- Need OP

nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

PagingRecordList ::=



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



ue-Identity





PagingUE-Identity,



cn-Domain





ENUMERATED
{ps, cs},



pagingCause





PagingCause,



...


}

-- ASN1STOP

	Paging field descriptions

	ue-Identity

Field description is FFS.

	cn-Domain

Indicates the origin of paging.

	pagingCause

Field description is FFS.

	systemInfoModification

If present: indication of a BCCH modification.

	etws-PrimaryNotificationIndication

If present: indication of an ETWS primary notification.

	ExtendedPagingMode

This field indicates whether extended paging is used.    


End of Change

























































































































































































































� This bit would be required if the extended paging mechanism proposed in this document is supported.





� The number of PRBs in red are approximations based on available data in R1-082333 [2]. Confirmation of these values is are required. 
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