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Prenotification arrangement for optimising power consumption

1. Introduction

In order to limit the impact of prenotification on power consumption, the selected solution should avoid making mobile stations read any other paging group than the normal (P)CCCH group. This can be reached by allocating more bits to the prenotification (as suggested by Vodafone in GERAN2 MBMS AdHoc) and thereby identify as accurately as possible the actual upcoming notification already from prenotification.

Although the discussion in this document requires GERAN1 expertise and review, it is brought to GERAN2 to assess its feasibility from a protocol standpoint, and in the best case to reach a GERAN2 WA to be further endorsed by GERAN1.

2. Proposal

2.1 MS behaviour on lost paging (pre-notification) messages

With the assumption that MSs do not read other paging group than their normal paging group:

· The pre-notification arrangement must tolerate lost paging messages.

· Assuming that the normal pre-notification is allowed to last for a few DRX periods, the MS would reach the prenotification with sufficient probability. In other words, it is no less robust than today’s paging.

· Collisions at counting are reduced when not all mobiles enter counting simultaneously.

· When necessary (when a couple of DRX cycles is not acceptable for pre-notification delay), notifications can always be sent directly without a previous pre-notification (but this needs to occur on all paging groups) as already assumed by Stage 2

2.2 MBMS Specific Paging Group or not

One clear disadvantage of an MBMS specific paging group is that, during a busy notification period, this specific paging group gets easily overloaded (the notification message details are not yet fully known but the message seems to get rather long, hence it becomes difficult to multiplex normal paging and MBMS notifications in one message). Extended paging can be used to overcome overload but that increases power consumption for all mobiles.

A better approach, and our assumption, is that the MS could enter non-DRX mode after pre-notification if the pre-notification was extended to a sufficient number of bits. If non-DRX was used after pre-notification, the network would be able to schedule notifications to a number of paging groups where feasible. Hence, no MBMS specific paging group would be necessary and notification load could be distributed evenly between different paging groups

2.3 Prenotification with higher granularity

It is possible that a normal paging message that can page four different mobiles, is not able to carry an MBMS pre-notification with more bits (this depends on the assumed statistics for notification) but it should be acceptable if three mobiles can be paged in a single paging message, along with at least two different session being “pre-notified”.

The (PLMN independent) variable part of TMGI is three octets, this all fits easily to the space of one “TMSI” page. In case more than one MBMS session needs to be “pre-notified”, a properly defined modulo of TMGI could be used to provide sufficient identification of more than one session within the available room (4 octets plus existing unused rest octets).

3. Analysis

3.1 Multiplexing normal page and prenotification

3.1.1 Prenotification format

3.1.1.1 Identification of incoming MBMS bearer service and possibly session

The table below provides possible formats and their corresponding size for the prenotification with higher granularity, assuming the bearer service and possibly the session itself can be identified. Optimally identifying a session at prenotification should be possible. This may require the definition of smaller identifiers (providing however a one-to-one mapping with the service identity and session identity) so that it fits within  existing paging messages. Under the realistic assumption that a RAN would anyway not be able to send all possible sessions and services that are theoretically allowed by the service ID and session ID, shorter identifiers should be possible.

	
	TMGI
	MBMS bearer service identity
	Reduced TMGI unique only within a PLMN
	Session ID
	Reduced Session ID
	Prenotification size

	Size
	5-5.5 oct.

MCC&MNC: 4-5 dig.

MBMS Bearer Service Id: 3 oct.
	3 oct.
	n<3 oct.
	2-3 oct.
	s<2 oct.
	-

	Pre-notif.
	X
	
	
	
	
	a
	5-5.5 oct.

	
	
	X
	
	
	
	b
	3 oct.

	
	
	
	X
	
	
	c
	N

	
	X
	
	
	X
	
	d
	7-8.5 oct.

	
	
	X
	
	X
	
	e
	5-6 oct.

	
	
	
	X
	
	X
	f
	n + s


3.1.1.2 TMGI mod N

Another solution (if too high a granularity is deemed not possible) is to define groups of prenotifications based on the TMGIs, so that TMGI groups would be prenotified.

3.1.2 Paging Request Type x messages (CCCH)

Three Paging Request messages can be used on CCCH depending on how many MSs are paged, and how they are paged (i.e. with which identifier) (see 3GPP TS 44.018):

· Paging Request Type 1: up to two MSs using TMSI, PTMSI or IMSI.

· Paging Request Type 2: two or three MSs using TMSI, PTMSI or IMSI.

· Paging Request Type 3: four MSs using TMSI or PTMSI.

The spare padding that could be used for prenotification is summarized in the table below, assuming:

· Maximum amount of MSs are paged per message using (P)TMSI

· Rest Octets:

· Channel needed IE(s) included (when applicable: PRT2, PRT3)

· Priority included for each mobile

· VGCS related information not present

	
	MS1
	MS2
	MS3
	MS4

	PRT1 (1 or 2 MSs)
	X
	(X)
	
	

	PRT2 (2 or 3 MSs)
	X
	X
	(X)
	

	PRT4 (4 MSs)
	X
	X
	X
	X

	Available Padding
	PRT1: 44 [50]bits
	
	

	
	PRT2: 19 [28]bits
	

	
	PRT3: 3 [15] bits

	NOTE: The numbers between square brackets indicate the available padding if no priority is included (3 bits saved per MS)


Table 1. Available spare padding for prenotification in Paging Request Type x messages
3.1.3 Packet Paging Request (PCCCH)

Only one type of paging message can be sent on PPCH: Packet Paging Request message, which allows for paging up to four MSs (see 3GPP TS 44.060)

Under the following assumptions:

· Persistence level included

· No NLN

· No Iu mode page

· Paging with PTMSI

The available padding is:

	
	MS1
	MS2
	MS3
	MS4

	1 MS
	X
	
	
	

	2 MSs
	X
	X
	
	

	3 MSs
	X
	X
	X
	

	4 MSs
	X
	X
	X
	X

	Available Padding
	1 MS: 112 bits
	

	
	2 MSs: 77 bits
	

	
	3 MSs: 42 bits
	

	
	4 MSs: 7 bits

	NOTE: The numbers between square brackets indicate the available padding if no priority is included (3 bits saved per MS)


Table 2. Available spare padding for prenotification in Packet Paging Request message
3.1.4 Prenotification in paging messages

As can be seen in §§3.1.2 and 3.1.3, room is available in paging messages for inclusion of prenotification with higher granularity. It is worth noting that paging 4 mobiles prevents a too high granularity being defined and/or including several prenotifications within one message.

3.2 Delay

In order to tackle radio conditions and make sure that mobile stations receive a prenotification correctly, the prenotification must be repeated in several paging blocks. At a 10% BLER, repeating a prenotification 3 or 4 times means a failure rate for a given MS receiving these blocks of 0.1% or 0.01%. While the MS is in DRX-mode, this means it would optimally take 2-3 DRX periods to reach this failure rate. Accounting for timing of different groups, counting on an additional DRX period would be realistic. In the same manner, the Ericsson’s approach (reverse meaning of prenotification) requires a similar amount of repetitions on the MBMS specific paging group for the notification, and as a consequence a similar amount of DRX periods on that group.

After it has identified a prenotification, the MS enters non-DRX mode, and monitors incoming notifications. In comparison, the Ericsson’s proposal is to have mobile stations by defaults in non-DRX mode until prenotification is identified in which case the MS monitors the MBMS specifc paging group in DRX mode. Therefore, the time required for notifying in the proposal herein and for prenotifying in Ericsson’s proposal is similar.

All in all, the time required to acquire the prenotification and correctly receive a notification is not any slower than using a reverse meaning of prenotification. On the contrary, it is even a little faster given the notification in non-DRX mode would not take up to one DRX period, while Ericsson’s assumes one DRX period is needed for prenotifying, after which notifications start being sent.

3.3 Power consumption

Prenotifying the actual session to be notified has effectively no impact i.e. no increase on idle mode power consumption.

Once the MS receives the prenotification, it enters non-DRX mode and monitors notifications. Similarly to paging case today, this should be protected by a timer, so that the MS reverts to DRX mode if it has not received a corresponding notification before timer expiry. 

A similar timer is needed once a notification is received, to wait for the bearer assignment (in case it is not provided in the notification itself). This is common to all proposals.

4. ConclusionS

It is recommended that the granularity of the prenotification be increased in order to reduce the power consumption. Optimally, the service id and session id should be prenotified, and reduced identifiers would allow for such prenotification be introduced.

This proposal does not compromise on timing until a notification is received, on the contrary it may even be a little faster than using the reverse meaning of the prenotification. Furthermore, this proposal offers the following benefits:

· A mobile station that is waiting for MBMS notifications would not need to read an additional paging group where an addressed notification would actually not occur. No MBMS specific paging group need to be defined, which also allows for spreading the load for notifications

· Extended paging can be avoided which reduces power consumption of all mobiles stations (listening to the paging group where extended paging occurs)

· Since prenotification accurately addresses the actual MBMS session, it is possible to activate non-DRX mode after each matching prenotification. This again allows the actual notification being sent on any paging group, or even on blocks reserved for access grant

· Since the mobile station does not need to read more than the normal paging group when no notifications are addressed, the likelihood for overlaps with reading non-addressed notifications and CBCH, neighbour cell system information (SI3/SI4 on a CCCH cell) can be avoided. Note that in a worst case the mobile station may need to read continuously two paging groups (the normal paging group and the MBMS specific notification paging group) where CBCH or neighbour cell system information reading becomes impossible for some DRX cycles
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