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1   Introduction
At RAN3#90bis, two alternative stage 3 CRs have been proposed to introduce the paging attempt information.
· In R3-152869 called “paging with unrestricted inclusion” 

· In R3-152869 called “paging with restricted inclusion”

The pros and cons of the two approaches is analysed thereafter with a way forward.
2 Benefit of providing the Paging Count for legacy paging
In the “unrestricted paging version” the Paging Attempt Information (PAI) is placed at the top level of the message i.e. at the same level of the Assistance Data for Recommended Cells” which contain the restricted list of cells on which preferential paging is to be done:
9.2.1.x11
Assistance Data for Paging
This IE provides assistance information for paging optimisation.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Assistance Data For Recommended Cells
	O
	
	9.2.1.x21
	

	Assistance Data for CE capable UEs
	O
	
	9.2.1.x31
	

	Paging Attempt Information 
	O
	
	9.2.1.x41
	


Basically, this means that the PAI is included regardless and independently of the Paging Area over which the paging is to take place. More precisely, the MME can either decide to page over the list of recommended cells when the Recommended cell list IE is included or over the list of TAI when the Recommended cell list IE is not included.

In contrast, in the “restricted paging version” the PAI is placed associated with the list of recommended cells as follows.

9.2.1.x21
Assistance Data for Recommended Cells
This IE provides assistance information for paging in recommended cells.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Recommended Cells for Paging
	M
	
	9.2.1.x23
	

	Paging Attempt Information 
	O
	
	9.2.1.x41
	


The question corresponding to these two alternatives has been mentioned as an open issue at the end of RAN3#89bis in [1] as follows:

1. Do we allow the Paging Attempt Count IE if neither CEL nor Cell list is included (for the normal TAI list paging) 
a. Yes
b.  No
At RAN3#90, an example of benefits to provide the PAI for legacy paging was shown as follows:

eNB can adjust the output power and the MCS and the PDCCH resource usage used when paging. It is beneficial to optimize the usage of radio resources so that a desired paging success rate is ensured w/o having to always spend an unnecessary amount of radio resources. Using always max amount or cell edge assumption of resources increase system interference level reducing the system capacity for paging especially if page occasions coincide in time between cells. Applying always most robust MCS results in unnecessary high usage of radio resources as only limited number of UEs can be paged in a single paging message which means that multiple paging messages are required implying an extra delay and increased number of PRBs used. In case that a UE is not reached in the first attempt, which can be identified by the eNB in the ‘page count’, the eNB can increase the output power and the MCS and PDCCH resources according to its implemented algorithm to increase the paging coverage area and ensure that the UE can be reached.

It is clear that one dimension of paging optimization is to optimize the radio resources associated to the paging through a “light paging” and this applies also in legacy paging i.e. minimize output power, MCS and resource usage. Provided that the paged UE is not located at cell edge, it would still be reached by this light paging while saving the eNB from precious radio paging resources.
However, while this is true that this “light paging” obviously saves some radio resources when zooming on a particular cell, this is not necessarily true from a “system capacity” perspective if the “paging area scope” varies over the paging repetitions.

Indeed, the MME remains in charge of selecting the Paging Area at each paging repetition and the eNB does not know about the algorithm used in MME to select the Paging Area.  
As a result we newly introduce a two-dimension paging optimization in parallel, MME trying to optimize the Paging Area through the repetitions, eNB trying to optimize the paged radio resources by the “light paging” through the received PAI. It is assumed that in a classical multi-vendor situation the MME doesn’t know eNB algorithm and eNB doesn’t know MME algorithm. 

Here is an example of possible mismatch between MME and eNB optimization algorithms:

Imagine an MME which has the following algorithm: 3 repetitions with the following strategy. 
For low mobility UEs, considering the limited number of attempts, the MME strategy could be:

· Paging nb1: include list of recommended cells. Let say 10 cells.

· Paging nb2: list of recommended cells. Let say 10 cells.

· Paging nb3: list of TAIs (not include list of recommended cells). Let say 200 cells.

Then it makes sense to optimize the radio paging number 1.
Instead if MME does not have information for low mobility UE it could select:

· Paging nb1: include list of recommended cells. Let say 10 cells.

· Paging nb2: list of TAIs (not include list of recommended cells). Let say 200 cells.

· Paging nb3: list of TAIs (not include list of recommended cells). Let say 200 cells.

Then it does not make sense to optimize the radio paging number 1. 
For example, if the eNB tries to optimize the radio paging number 1 during the second MME strategy: 
· Paging nb1: light paging

· Paging nb2: full paging (i.e. not light)

· Paging nb3: full paging

Assuming that the UE is at cell edge of one of the 10 recommended cells the first paging would fail and because the MME does not know that eNB has done a “light paging” MME makes the second paging with a full list of TAIs. As a result, looking “system wide”, the effect of having the eNB where the UE is located deciding a “light paging” has resulted in a “full paging over 200 cells.

If the eNB had not done a “light paging”, paging would have succeeded by paging over 10 cells instead of 200 cells. 

The example above proves that the “light paging” optimization is useful only if eNB has some knowledge about whether the MME plans to change the Paging Area scope.

In conclusion, including the PAI information also for legacy paging can be useful if associated with an indication of Paging Area scope change.

3 Conclusion 
This paper has shown why providing the PAI information for legacy paging can be useful when associated with an indication of the MME plan to change the Paging Area or not.
Proposal: agree the compromise CR to have Paging Attempt Information IE for legacy paging together with an indication of whether the Paging Area will change or not.
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