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1．Introduction

In this contribution, we give the subframe pattern used in the PO (Paging Occasion) calculation formulas considering FDD, TDD as well as MBSFN case. The corresponding CR is given also.
2．Discussion

2.1 Current Situation

In RAN2#60bis, we have reached the following agreement:
Agreements

-
Radio frame calculation


-
Occasions evenly distributed in time throughout the DRX cycle


-
Allow to not have a paging occasion every radio frame

-
Subframe calculation:


-
Subframe location fixed in spec by a table mapping number of paging occasions per radio frame to the subframe numbers used. Mapping will be different for FDD/TDD. Can comeback if issues  identified, e.g. with MBSFN - this should be noted in the CR as an FFS.. 


-
Only have >1 subframe per radio frame when there is a paging occasion every radio frame

-
Final details of text to be worked offline to be included in CR

-
Text drafted on assumption that paging occasions per radio frame is power of 2. Come back next meeting if any issue found with this assumption, or if found that such a restriction is not necessary.
In our understanding, this means we have agreed to use the two level formulae, one for radio frame level calculation, and the other is for subframe level calculation.

Moreover, during the email discussion after RAN2#60bis, it seems that we have agreed that those two formulas are:
(1) SFN mod (Paging_DRX_Length/10) = ((Paging_DRX_Length/10) div Paging_Group_Count_X)*(UE_ID mod Paging_Group_Count_X)
Where Paging_Group_Count_X = min (Paging_DRX_Length/10, Paging_Group_Count)

(2) Paging Subframe from the subframe pattern = (UE_ID/(Paging_DRX_Length/10)) mod (max(1,Paging_Group_Count/(Paging_DRX_Period/10)))
The number of the subframe pattern is given by:
(3) Pattern_Number = max(1,Paging_Group_Count/(Paging_DRX_Period/10))
So one remaining open issue is: what the subframe pattern is?

2.2 Subframe pattern

2.2.1 FDD
For FDD, within 10ms radio frame every subframe can be used for paging, so the most straightforward method is to use the first consecutive N subframe as PO, where N = Pattern_Number given above.

Example 1:
Given

Paging_DRX_Length = 640 (ms), Paging_Group_Count = 32
Then

· N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)) = 1.
· This means in the specified radio frames, subframe#0 is used as PO.
Example 2:

Given

Paging_DRX_Length = 640 (ms), Paging_Group_Count = 128

Then

· N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)) = 2.
· This means in every radio frames, subframe#0 and subframe#1 are used as PO.
Proposal 1: for FDD, subframe pattern is composed by the first sequent N subframe(s), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).
2.2.2 TDD

For TDD, within 10ms radio frame there are 3 kinds of subframe: DL subframe, UL subframe and special subframe. Obviously only DL subframe can be used as PO. So the above FDD design can not be used directly, and needs some revision. To avoid the complexity caused by different DL/UL allocation configurations, we believe the simplest design is to use the first sequent DL subframes as PO.

Example 1:

Given

Paging_DRX_Length = 640 (ms), Paging_Group_Count = 32

Then

· N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)) = 1.
· This means in the specified radio frames, subframe#0 (which is the first DL subframe) is used as PO. Note that this is valid for any DL/UL allocation configurations.

Example 2:

Given

Paging_DRX_Length = 640 (ms), Paging_Group_Count = 128

Then

· N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)) = 2.
· This means in every radio frames, the first two DL subframes (one is subframe#0, the other depends on the used DL/UL allocation) is used as PO.

According to [1], RAN1 has agreed 7 kinds of DL/UL allocation, which is shown in the figure:
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Continue with the above example, if 1DL:3UL is used, then subframe#0 and subframe#5 is used as PO; if 2DL:2UL is used, then subframe#0 and subframe#4 is used as PO; if 3DL:1UL is used, then subframe#0 and subframe#3 is used as PO.
Proposal 2: for TDD, subframe pattern is composed by the first sequent N subframe(s) (which is not used for UL subframe or Special subframe), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).
Note that the value of N will be restricted by DL/UL allocation. Network should take care of this.
2.2.3 MBSFN
For MBSFN, the similar revision is desired, so we propose.
Proposal 3: for MBSFN, subframe pattern is composed by the first sequent N subframe(s) (which is not used for MBSFN), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).

2.3 Other Issues
One open issue of the last meeting is: whether it is necessary to have better granularity than power of 2 for paging group count.
Based on our experience in UMTS, at least from TDD perspective, we see no need to introduce better granularity than power of 2 for paging group count.
Proposal 4: no need to introduce better granularity than power of 2 for paging group count.
We have concluded that the “PO” terminology only refers to the sub-frame level paging occasion. While we do need some term to indicate the position of one Radio Frame on which there are POs, especially for the Radio Frame level formula design. Therefore we propose to define one PF(Paging Frame), that is the radio frame on which there are POs. Then the Radio Frame level formula will become to:
(1) SFN mod (Paging_DRX_Length/10) = ((Paging_DRX_Length/10) div Paging_Frame_Count)*(UE_ID mod Paging_Frame_Count)
Where Paging_Frame_Count = min (Paging_DRX_Length/10, Paging_Group_Count), is the PF numbers during one DRX cycle of length “Paging_DRX_Length".
Proposal 5: To define one Radio Frame level paging occasion term “PF” (Paging Frame) and modify the Radio Frame level formula accordingly.
3．Conclusion

In this contribution, we discussion the open issues of PO calculation, and give corresponding CR in the annex.
Proposal 1: for FDD, subframe pattern is composed by the first sequent N subframe(s), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).
Proposal 2: for TDD, subframe pattern is composed by the first sequent N subframe(s) (which is not used for UL subframe or Special subframe), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).
Proposal 3: for MBSFN, subframe pattern is composed by the first sequent N subframe(s) (which is not used for MBSFN), where N = max(1,Paging_Group_Count/(Paging_DRX_Period/10)).
Proposal 4: no need to introduce better granularity than power of 2 for paging group count.
Proposal 5: To define one frame level paging occasion term “PF” (Paging Frame) and modify the Frame level formula accordingly.
4．References

[1] Draft_ReportWG1#51b_v010.doc
5．Annex

************* Change Request, base on [CR for 36304 RAN2#60bis_clean.doc] ********************
7
Paging

7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One PO (Paging Occasion) is one subframe during which there is P-RNTI to be transimitted on PDCCH. One PF (Paging Frame) is one Radio Frame on which there are POs. When DRX is used the UE needs only to monitor one P-RNTI in the PO of the PF per DRX cycle. 
The PF and PO are determined by following formulae using the DRX parameters provided in System Information :
The PF is given by following equation:

SFN mod (Paging_DRX_Length/10) = ((Paging_DRX_Length/10) div Paging_Frame_Count)*(UE_ID mod  Paging_Frame_Count) 
Where Paging_Frame_Count = min (Paging_DRX_Length/10, Paging_Group_Count)，is the PF numbers during one DRX cycle of length “Paging_DRX_Length”.
The subframe index of the PO within the subframe pattern is given by:

(2) PO subframe index within the subframe pattern = (UE_ID/(Paging_DRX_Length/10)) mod (max(1,Paging_Group_Count/(Paging_DRX_Period/10)))

The number of PO in the subframe pattern is given by:
(3) Pattern_Number = max(1,Paging_Group_Count/(Paging_DRX_Period/10))
The subframe pattern is composed by the first Pattern_Number sequent subframe(s) which is neither used as UL/Special subframe in TDD nor used for MBSFN transimisson.

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no NAS UE_ID (FFS which one), for instance when making an emergency call without USIM, the UE shall use as default identity (e.g.  UE_ID = 0 ) in the Paging Occasion formula(s) above.
The following Parameters are used for the calculation of the paging occasion :

-
Paging_DRX_length: Range of DRX values 320, 640, 1280, 2560ms. FFS if more values are needed

-
Paging_Group_Count: Should be power of 2, Range of values FFS 

-
UE_ID: IMSI mod 5120 (Exact modulo FFS). 

IMSI is given as sequence of digits of type Integer(0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".
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