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1
Introduction
3GPP Rel-13 includes a work item entitled “RAN enhancements for extended DRX in LTE” [1] which has the objective:

-
Extend idle mode DRX cycles in order to provide at least an order of magnitude power savings for UEs in idle mode; and

-
Extend connected mode DRX cycles in order to enable additional power savings beyond what is currently possible for UEs in connected mode

So far, RAN2 agreed following for idle mode eDRX operation: 

· The length of extended DRX will be extended beyond the current SFN limit of 10.24s and may be increased in the order of minutes. (RAN2 #90 [2])
· Once the UE wakes up the UE determines the PF/PO based on the legacy DRX formula/cycle (i.e. no change on the paging occasion computation).  (RAN2 #90 [2])
· To improve paging reliability, the paging message can be repeated on different the paging occasions determined using the legacy DRX formula for a certain time window.  (RAN2 #90 [2])
· Hyper-SFN based scheme is adopted for the UE to determine when to wake up to accommodate eDRX in order of minutes. (RAN2 #91 [3])
Besides the email discussion is ongoing on following discussion points [4]:

· Agree on an acceptable eDRX range and values for idle mode 

· Agree on the range of H-SFN 

· Discuss how to handle system information update

In this paper, we would elaborate how the paging is performed according to the Hyper-SFN based scheme.
2
Discussion
In the email discussion [4], most companies preferred the options to define new frame structure on top of legacy SFN structure, i.e. to define Hyper Radio Frame corresponds to a cycle of 10.24s which contains the Radio Frames starting from SFN #0 to SFN #1023. The H-SFN is the index of the Hyper Radio Frame, and the length of H-SFN depends on the maximum value of extended DRX cycle in idle mode and is still under discussion. In this contribution the Hyper Radio Frame which contains multiple Paging Frame(s) is called as Hyper Paging Frame.

It was agreed the UE needs to monitor multiple PF(s) within Hyper Paging Frame per eDRX cycle for paging robustness. The PF and PO are determined by the legacy formula using the legacy DRX parameters. As specified in 36.304, legacy DRX cycle used for PF and PO calculation is currently determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. The paging occasions may not overlap due to the paging cycle variation between different cells as shown in Figure 1. Assuming UE specific DRX cycle is 2560ms or not configured, when the UE moves from Cell 1 (with default paging cycle of 2560ms) to Cell 2 (with default paging cycle of 640ms), the UE may miss paging occasions of both cell 1 and cell 2 even with repetitions. Thus to ensure paging robustness, same legacy DRX cycle shall be used for calculating PF/PO within the hyper paging frame for all cells within the tracking area.
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Figure 1 paging occasions with different legacy DRX cycle

Observation: to ensure paging robustness, it is desirable to apply the same legacy DRX cycle to calculate PF/PO within the hyper paging frame for all cells within the TA.

Proposal 1: to ensure same legacy DRX cycle is used for different cells for PF/PO calculation within the hyper paging frame,  legacy UE specific DRX cycle should be used and always be present in the paging message from MME to eNB when the UE is configured with eDRX.

As per the agreement, the paging message can be repeated on different POs determined using the legacy DRX formula for a certain time window. Two approaches for defining the paging window:
· Alt1: Counter based approach. The paging message is repeated until reaching the configured number of repetitions which could be informed to UE via system information message.  
· Alt2: Timer based approach. The paging message is repeated within a time period which may be controlled by a timer informed to UE via system information, i.e. a timer may be started from a certain PF/PO and the paging message will be repeated until the expiry of this timer.
With proposal 1 proposing the same legacy DRX cycle should be used within the hyper paging frame for all the cells within the TA, defining the window as numbers of PF/POs or a period could in the end result in same PF/POs. However, when consider moving UEs, we see the timer based solution a bit more complex. As shown in figure 2, if the UE moves from Cell 1 to Cell 2 at T2, the timer for the paging window has not started yet in Cell 1 while it needs to be already started at T1 at Cell 2, thus UE needs to start the timer when reselecting to Cell 2 with the value by subtracting the period from T1 to T2 from the total time. While with counter based approach, after moving to Cell 2 the UE calculates the PF/POs and may just start monitoring paging from the next PO and continue the paging detection from the remaining POs. 
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Figure 2 paging window within paging hyper frame

Proposal 2: paging repetition window is defined as number of legacy PF/POs the UE monitors during the hyper paging frame.
With introducing of H-SFN, paging occasion is now determined by Hyper paging frame, paging frame and paging subframe. We address hyper paging frame, paging frame and paging subframe calculation below.

A complex formula is defined for legacy PF calculation to find the SFN for paging, with nB and N defined related to DRX cycle of the UE. It enables the possibility of using only some of the frames for paging (e.g. ½ of the frames have paging occasions with nB=T/2 and ¼ of the frames have paging occasions with nB=1/4, etc.). Because paging is also used for SI update and it needs to be sent on all the possible PF/POs, adjusting the parameters of nB and N provides means for the eNB to balance paging capacity and load of paging notification.
For example with nB=T/2, N=min(T, nB)=T/2, then following the PF formula:
SFN mod T = (T div N) * (UE_ID mod N) = 2 * (0…T/2) = even number of 0..T-1,

which means only even number of SFN are paging frames from cell point of view.

Since there is no such need to define from cell level point of view which H-SFN’s can be used for paging like SFN for paging in legacy, simple equation to meet the requirement of uniformly distribute the UEs into different hyper frame would be enough, e.g.:

H-SFN mod eT = UE_ID mod eT (1)
Where

eT 
is the eDRX cycle duration in number of hyper frames (1, 2, 4, 8, …, 256) (Note: It is assume that H-SFN will have 8bits), 
Note: 
the actual eDRX cycle length is eT * 1024 rf 
Proposal 3: hyper paging frame is determined based on UE_ID mode eDRX cycle.
To ensure the paging repetitions fall into the same hyper frame without wrap around (e.g. with paging frames between the beginning and the end of SFN space), the index of the first PO of the paging repetitions (starting/first PO of the paging window) could be derived from following equation:
I = (UE_ID mod (K – M + 1)) 

(2)
Where

K 
is the total number of POs within the Hyper Paging Frame based on legacy DRX cycle calculation
I
is the index of the first PO of the paging repetitions within the Hyper Paging Frame
M 
is the number of paging repetitions within the Hyper Paging Frame
UE_ID
is the IMSI unless a USIM is not present, then UE_ID = 0
For example, as shown in figure 3, if it is assumed that
K = 16 which means there are 16 POs within the Hyper Paging Frame, i.e. legacy DRX paging cycle of 640ms (10240/640=16).
M = 3 which means the eNB repeats the paging transmission 3 times within the Hyper Paging Frame (paging repletion window is 3 legacy paging cycles)
K – M + 1 = 14, UE_ID mod (K – M +1) = 3, 
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Figure 3 paging window within paging hyper frame
Then the paging repetitions (paging window) start from the 3th PO within the window. The UE monitors the 3th, 4th and 5th PO within the hyper frame as calculated according to the legacy formula in 36.304.
Proposal 4: all the paging repetitions for one eDRX cycle should fall into the same hyper paging frame without wrap around.
Proposal 5: PF/PO within a hyper paging frame is determined by the legacy DRX cycle and number of repetitions, e.g. as in equation (2) together with PF/PO formula in 36.304.
3
Conclusion
This contribution analyzed how to operate H-SFN based eDRX in idle mode, following observations and proposals were made.

Observation: to ensure paging robustness, it is desirable to apply the same legacy DRX cycle to calculate PF/PO within the hyper paging frame for all cells within the TA.

Proposal 1: to ensure same legacy DRX cycle is used for different cells for PF/PO calculation within the hyper paging frame, legacy UE specific DRX cycle should be used and it should always be present in the paging message from MME to eNB when the UE is configured with eDRX.

Proposal 2: paging repetition window is defined as number of legacy PF/POs the UE monitors during the hyper paging frame.
Proposal 3: hyper paging frame is determined based on UE_ID mode eDRX cycle.
Proposal 4: all the repetitions for an eDRX cycle should fall into the same hyper frame without wrap around.
Proposal 5: PF/PO within a hyper paging frame is determined by the legacy DRX cycle and number of repetitions, e.g. as in equation (2) together with PF/PO formula in 36.304.
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