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Discussion and decision
1 Introduction
It was decided in the RAN2 #59-bis meeting in Shanghai that in LTE user hashing is done only with a time domain distribution, which is called “paging occasion”. The number of paging occasions within the DRX cycle should be configurable by e.g. system information.
In this document we try to look at the detail of the paging occasion placement within the DRX cycle.
2 Discussions
2.1 WCDMA system

In WCDMA system, there are two dimensions used to distribute users (IMSIs) to different “groups”, one is paging group and the other is paging occasion.

IMSI of the user is used to determine both the paging group and the paging occasion that the UE needs to monitor as follows.

	PI (i.e. Paging group)
=
DRX Index mod Np


where DRX Index = IMSI div 8192,  Np is the number of PI per frame.
Paging Occasion=
{(IMSI div K) mod (DRX cycle length div PBP)} * PBP + n * DRX cycle length + Frame Offset




Where n = 0,1,2… as long as SFN is below its maximum value,  K is DRX cycle coefficient.


The following figure shows a logical view for the distribution of IMSI over two dimensions. It should be noted that there are “div” functions applied to IMSI in the formulae above, in order to achieve the two-dimension expansion of distribution (i.e. avoiding IMSIs from the same paging group going into the same paging occasion). 
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Figure-1: Distribution of IMSI in WCDMA system

It is worth noting that the number of paging occasions is equal to the number of frames within a DRX cycle. This means that PICHs for the possible paging occasions occupy all the frames in the entire DRX cycle, which is shown in the figure below. This is a natural choice in WCDMA since the PICH is allocated its own channelization code.
This will be problematic in E-UTRAN where the radio resource is partially dimension limited. Considering especially the cases that all the UEs in the cell are paged (e.g. system information modification), the cell needs to use so many paging indications on PDCCH.
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Figure-2: Time domain distribution of paging occasion
2.2 Proposal for E-UTRAN
2.2.1 Hashing mechanism

For E-UTRAN it was decided that the user hashing is only over time domain. It was also decided that the number of paging occasions in one DRX cycle is configurable so that the system has an ability to control the radio resource usage for paging.
N is system parameter that could be broadcast in the system information. In this document we assume that the hashing function is based on user’s IMSI as in WCDMA system.

There seem to be two alternatives for the placement of paging occasions. The following two figures show possible alternatives. The first one is “concentrated” allocation, in which all the N paging occasions are concentrated in a given time frame within a DRX cycle. The second is “distributed” allocation, where the N paging occasions are distributed over within a DRX cycle period.
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Figure-4: “Concentrated” allocation (alt. 1)
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Figure-5: “Distributed” allocation (alt. 2)
The alternative 1 seems to have disadvantage of leading to a constant “stealing” of PDCCHs in case of a system information modification where all the UEs need to be paged. This will restrict the flexibility of scheduling by the network within the time frame. Also the alternative 2 works well with the UE specific DRX cycle if the position of paging occasions is defined properly.
2.2.2 Example definitions / formulae for paging occasion calculation

In this section, we focus on the calculation of paging occasion of the user. We assume that in E-UTRAN there will be system frame number / cycle similar to SFN in WCDMA system.

DRX cycle length is defined by the number of system frames, 2^K, where K is DRX cycle coefficient. The number of paging occasion N is defined as, N = 2^L.
Alternative 1

In the alternative 1, the paging occasion can be defined as follows;

· Paging occasions in the system:

(Frames that satisfy,) Frame Number mod 2^K <= N-1

· User’s paging occasion:



Paging occasion = (IMSI div L) mod N

Alternative 2
In the alternative 2, the paging occasion can be defined as follows;

· Paging occasions in the system:

(Frames that satisfy,) Frame Number mod 2^(K-L) = 0

· User’s paging occasion:



Paging occasion = (IMSI div L) mod N

3 Conclusion

We looked at two alternative approaches for the time domain user distribution in E-UTRAN. The alternative 2 above (“distributed”) seems to be more attractive approach in E-UTRAN.
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