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1
Introduction
In the EUTRAN it is open how the paging occasions are aligned in UEs and eNB’s. In this paper we show some different options and encourage discussion on the topic.  

2
DRX Paging occasions
From standby power consumtion point of view it is advantageous to have a specific Frame or even Subframe where the UE’s can check the paging when in LTE Idle Mode. The Stage 2 presently has the following assumptions recorded:

Paging groups (where multiple UEs can be addressed) are used on L1/L2 signalling channel:

-
Precise UE identity is found on PCH;

-
DRX is UE specific (but if the DRX period is UE specific is FFS) 
In the network there is no need to have any grouping for UE’s except to help the scheduler in sharing the DL-SCH for all U-plane and C-plane packet flows. In the UE paging groups may help in decreasing UE standby power consumption as UE’s RX period is statistically shorter when there are less frequent paging indications and thus less PCH access linked to the paging occasions.

There seems to be a consensus that at least one special P-RNTI value. UEs which detect the P-RNTI on L1/L2 control channel in their particular paging occasion will read the PCH. Proposals have been given to have multiple RNTI’s for paging indication and this RNTI set is divided to all UE’s. We think that instead of multiple paging RNTI’s it is better to have just a network provided  parameter indicating the amount of Paging Groups and the UE’s will be allocated to these groups by the same equation which also determines the Paging Occasions based on UE’s IMSI. Then in addition to parameter specifying the paging occasion grouping of UE’s we need a network provided parameter which defines the maximum period (Idle mode DRX period), the UE uses to check the paging. 

2.1 Number of paging occasions

As discussed in [4] LTE offers a 10-fold increase in potential paging occasions as paging may be performed on subframe basis. More paging occasions per radio frame will allow for smaller paging groups and possibly smaller paging msgs. This may lower the effort for UE to decode the paging message. The signalling overhead however will increase. A low number of paging occasions per radio frame can reduce signalling and also simplify scheduler decisions at the cost of more UEs per paging group.
In our opinion the solution should allow for enough flexibility to balance between the pros and cons and we propose therefore a simple formula to define the UEs individual paging occasion on radio frame basis, see 2.1.1.

The formula still allows extension for multiple paging occasions per radio frame and it is also possible to indicate a subset of subframes of one radio frame to be used for paging occasions.
2.1.1
Paging occasion equation

2.1.1.1
Parameters

Paging_Group_Count = 2**n, where n= Integer(0,1,2,3,4,5,6,7) requiring 3 bits where n is provided by System Information. In order to allow scenarios where lots of UEs are paged often it is good to have possibility to divide UEs into paging groups, thus avoiding very large paging messages.

IDLE_Mode DRX_period = 2**i, where i is provided by System Information or RRC signalling or RRC direct transfer messages.  i = Integer(3,,9) – requiring 3 bits. Thus the DRX cycle gets values 0.08, 0.16, 0.32, 0.64, 1.28, 2.56 and 5.12 seconds like in UTRAN. Note that Idle_Mode_DRX_period is a multiple of 10 ms and thus the DRX cycle length is 10 ms * IDLE_Mode_DRX_period.
2.1.1.2
Equation

In this equation, the full length SFN (12 bits – Exact length is FFS) is used, UE keeps the SFN synchronization to 12 bits of accuracy (radio frame based counter). As the equation just determines a radio frame of the possible paging, we would suggest either to fix the subframe(s) within the radio frame that is used for paging or alternatively system information broadcasts a parameter that defines in which subframe(s) of the radio frame paging message may be transmitted, thus reducing UE on time to minimum. 

The UE’s will determine their paging occasion based on a match of right and left side of the equation:
SFN mod IDLE_Mode_DRX_period == (IDLE_Mode_DRX_PERIOD div Paging_Group_Count)*(IMSI mod Paging_Group_Count)
Thus parameters that need to be transmitted on broadcast channel or through dedicated signalling for paging DRX purposes are:

n (3bits): Defines number of paging groups 

i (3bits): Defines Paging DRX cycle length

Purpose of the multiplier (IDLE_Mode_DRX_PERIOD div Paging_Group_Count) is to distribute the UE’s more evenly to the DL-SCH. Without it, all UE groups would be assigned to successive DL_SCH frames and this would make it more difficult for the scheduler to allocate DL-SCH U-Plane and C-Plane (in this case the PCH) to the DL-SCH. Note that this multiplier works only if it is larger or equal to 1.
2.1.1.3
The use of IMSI in eNB

It has been decided that eNB is not a secure enough node to store the UE permanent NAS identity, thus to compute the right side of the equation in 2.1.2 the eNB needs to get the value IMSI128 = IMSI mod 128 as it can then be used to compute the IMSI mod Paging_Group_Count in eNB and yields the same result as with the full length IMSI. The value IMSI128 needs to be sent in the S1AP message in MME <> eNB interface. A liaison should be sent to RAN3 and SA3 and ask if the modulus operation with 128 is an acceptable method to keep the full length  IMSI not known in the eNB. The eNB paging occasion equation in 2.1.1.2 is thus transformed into:

SFN mod IDLE_Mode_DRX_period == (IDLE_Mode_DRX_PERIOD div Paging_Group_Count)*(IMSI128 mod Paging_Group_Count)
3
Conclusion
In this paper we presented needed parameters and formula which determines the UE’s paging occasion based on the parameters and use of SFN synhronization between UE and eNB. We also propose a single PI-RNTI. If the paging approach presented here is seen as agreeable way forward we are happy to provide a TP for 36.304.
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