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1
Introduction

It is suggested that the fundamentals of paging in LTE will be similar to those adopted in other cellular systems and can be listed without too much difficulty. An attempt at this exercise is made below. There are, however, open issues and an attempt to identify these has also been made. It is suggested that it is not possible to close all of these at this stage but that the list may aid discussion.

2
Discussion

It is suggested that many of the principles of LTE paging will be similar to those of UMTS and other systems but so far these have not been summarised or captured in [1]. There are also open issues some of which have been captured as [FFS].

2.1 Summary of principles and open issues

Based on these general principles the following is proposed as a statement of the status of LTE paging at present:

· A UE is paged only in RRC-Idle state. Paging is initiated by the CN. 

If group paging to indicate changes in BCCH are adopted then this paging will be initiated by RRC.

· A UE obtains paging information (paging messages) by periodically receiving the PCH. It is [FFS] whether the UE decodes the paging messages directly or whether it only decodes the messages after decoding paging indicators and detecting that its indicator is set.

· Paging messages will contain at least the following:

· UE CN identity i.e. TMSI or IMSI (FFS) or IMEI (FFS).

· Cause

· A UE acts upon the paging message if it contains its UE CN identifier.

· PCH may have one or two components. A first component is transmitted periodically in defined physical resources. It may contain paging indicators of paging messages [FFS]. A UE can identify the resources and period from BCCH. A second component (if present) contains paging messages and may be located in dynamically assigned physical resources and transmission times or statically assigned physical resources and transmission times (available from BCCH). 

In a one-component system a UE receives the periodic resources to obtain the paging messages. In a two-component system a UE receives the periodic first component to obtain paging indicators and, if the UEs indicator is set it receives the second component to obtain the paging messges.

It is [FFS} whether LTE will use a one component or two component PCH and, if a two components, whether the second component is dynamically or statically assigned.

· A UE receives PCH periodically (paging occasions) with a period (paging cycle) that is typically longer than the PCH (first component) period. The UE is assigned a paging cycle by the CN. It is [FFS] whether it is assigned by UE specific signalling or received from BCCH. It is [FFS] whether the paging cycle is constant or can change with the time elapsed since the UE entered RRC-Idle state.

· A UEs paging cycle length may be greater than the PCH (first component) cycle length in which case its paging cycle will contain more than one PCH paging event. The UE receives the PCH in a paging event (paging offset) that is a function of a CN identifier. It is [FFS] whether the CN identifier is TMSI or IMSI.

· If the mechanism includes a use of paging indicators, the indicator that a UE responds to is a function of a CN identifier. It is [FFS} whether the CN identifier is TMSI or IMSI.

· It is [FFS] whether the paging procedure will be used to indicate that system information has changed.

The paging procedure can be summarised as follows:

(i) 
When initiating the paging of a UE the CN passes to each involved eNB the UE identity (TMSI/ IMSI), cause, the UE paging cycle length and the identity required to define the paging cycle offset (if required) and paging indicator (if required) (TMSI or IMSI), paging repetition count.

(ii)
The eNBs sets the paging indicator associated with the UE (if required) in the PCH transmissions (cycle and offset) associated with the UE and transmits the paging message in the associated resources.

(iii)
The UE periodically receives the PCH (at its cycle and offset) and decodes its paging indicator and, if set, then the paging message (two component approach) or directly the paging message (one component approach). The UE then acts on any paging message that contains its CN identifier.

2.2 Comments on the principles and open issues

The following notes/ comments are added in relation to the section above:

1. 
Idle mode paging only 

It has been assumed that waking up UEs that are in a DRx mode in RRC-Connected state operates separately from CN paging to avoid the complexities of mixing the two tasks.

2.
One component (no PI) or two component (PI) PCH 

The alternative to using paging indicators in the transmission a UE receives at each paging occasion is to include the paging messages. Given the likely size of paging messages, 80(+) bits if it includes an IMSI and the likely number of bits that can be reliably transmitted to the cell edge in one 0.5ms TTI this does not appear to be practical.  Consequently a two component approach, with the first component containing paging indicators and the second containing the paging messages seems to be the best solution for LTE.

It is therefore proposed that a two-component approach to paging should be adopted. The first component, periodically transmitted in defined resources identified from BCCH, contains paging indicators. A second component contains the paging messages and is contained either in dynamically assigned or statically assigned physical resources and times.

For the second component the use of a group PCH identifier seems to be necessary to allow reuse for non-PCH purposes. Because the body of the first component will contain the PI it does not seem necessary to include some form of PI in the resource block address field. Use of a common PCH identifier can also apply to the first component resource blocks.

3.
Dynamically or statically assigned paging message resources
Use of dynamically assigned resources seems attractive from a scheduler efficiency point of view, however it requires a practical way of identifying the assignment of physical/time resources, for example if it were to be contained in the first component resource block with the PI. Since it is not yet known how resources will be identified in LTE, it is suggested that it may be too early to conclude on this topic.

An alternative is to have the paging messages transmitted in physical/ time resources defined on BCCH. The event times need not be one-one paired with the paging indicator transmission times.

4.
Constant or time varying UE paging cycle length
UEs in RRC-Idle state can be temporarily transferred from RRC-Connected state although data transfer activity may not be complete or they can be idle in the UMTS RRC-Idle state. The balance between battery economy and acceptable re-activation time is probably different in these two cases and it may be useful if the UE operates with different paging cycle lengths in these two scenarios. If such a scheme is applied the change of cycle length should be co-ordinated between the CN and the UE.

4.
Identifier used for defining UE specific indicators and paging cycle offset
The paging cycle offset and paging indicator associated with a UE can be expected to be a function of its CN identifier. Each UE in RRC-Idle state should be in possession of a TMSI and therefore this could be used as the mapping key. It has the advantage that it would not require the eNB to have knowledge of the UE IMSI. However use of the IMSI would provide an unchanging key whenever TMSI was changed, it would also prevent the UE becoming un-contactable should a TMSI fault develop. It is proposed guidance should be obtained as to the identifier that should be applied.

3
Conclusions

It has been the intention to identify the general principles and open issues relating to LTE paging. It is proposed that any items that can be agreed should be captured in [1].
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