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1. Introduction
For the extended DRX cycle in idle mode, RAN2 has agreed that the DRX should be extended past the current SFN limit of 10.24s and see the power consumption benefits of increasing the DRX cycle in order of minutes in [1]. To help the UE to find out the exact time to wake up for paging monitoring, the following way has been agreed by RAN2 in [1] and [2] respectively.
	Agreements from RAN2#90
· FFS how the UE determines when to wake up (either using hyper SFN or timer based mechanisms).

· 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).  

· 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.  FFS how the UE determines for how long to monitor for paging messages.
Agreements from RAN2#91
· H-SFN based paging will be adopted in the RAN.


In addition the above progress, RAN2 has arranged one email discussion to further discuss the details of some issues [3], however, there are still some issues that are essential for this WI but has not been addressed yet up to now including in the above the email discussion. So, in this contribution we would like to discuss these remaining issues.
2. Discussion
2.1 The determination of the H-SFN index to wake up
In the email discussion [3], the first point to be discussed is the clarification of the H-SF concept. Our view on it is Option b), i.e., H-SFN is a new frame structure on top of legacy SFN structure where each H-SFN value corresponds to a cycle of legacy SFN of 1024 frames. Based on this understanding, an inevitable issue we need to address is how to determine the paging H-SFN index (we call this as “PH” for short) that the UE needs to wake up to look for its PF/PO? To solve this, an intuitive way is to mimic the formula for PF in [4], which is
SFN mod T= (T div N)*(UE_ID mod N)  (1)
Then, a formula for PH could be

H-SFN mod Textended = (Textended div Nextended)*(UE_IDextended mod Nextended)  (2)
where Textended is the extended DRX cycle value of the UE, and Nextended is min (Textended, nBextended). nBextended will be provided via System Information.
However, there are some problems in (2) if we just use such mimic without any modification.
· In legacy formula (1), the unit of T is expressed as radio frame, e.g., when the DRX cycle is 2.56s, the value of T= 256 in (1). If we keep this for the Textended (e.g., when the extended DRX cycle is 40.96s, then Textended = 4096), then the Textended couldn’t be used directly in (2). Instead, [Textended div 1024] should be used in (2) since one H-SFN value corresponds to a cycle of SFN of 1024 frames.
· In legacy formula (1), the UE_ID is (IMSI mode1024). The principle of this design is to spread the UE over the 1024 frames in one SFN cycle. For the formula of PH, we should keep the counterpart principle, i.e., spread the UE over the n H-SFNs, where n is the maximum H-SFN that the eNB supports. Then, we propose the following way to define the UE_IDextended in (2): UE_IDextended = floor (IMSI div 1024) mod 2n.
· In the legacy formula (1), a parameter N is used, which represents the number of paging frames within the paging cycle of the UE. This value can be configured by the eNB by taking the paging overload of the cell into account. Then in (2), if use a similar parameter Nextended, it will represent the number of “paging H-SFN” within the extended paging cycle of the UE. However, we don’t see any necessity to keep this parameter configurable. Instead all the H-SFN within the extended paging cycle of the UE can be the “paging H-SFN”, which means that Nextended can be fixed to the value of [Textended div 1024]. This design can also simply the eNB’s implementation.
So, based on the above considerations, we propose to mimic the formula of PF to determine the PH with some modifications as below:
H-SFN mod (Textended div 1024) = UE_IDextended mod (Textended div 1024) (3)
or it can be expressed in another way as:
                   H-SFNoffset = UE_IDextended mod (Textended div 1024) (4);

                   (H-SFN - H-SFNoffset) mod (Textended div 1024) = 0 (5)
where,
· Textended : the UE specific extended DRX cycle value allocated by upper layers;

· UE_IDextended: floor(IMSI div 1024) mod 2n;
· n: the number of bits represent the H-SFN. 
To understand how this formula works, we show an example in the Annex 1.
Proposal 1: For the UE configured with extended DRX cycle for Idle mode, the above formula (3) or the combination of (4) and (5) is used to determine the PH (paging H-SFN) where it wakes up to look for the PF/PO.

2.2 The paging repetition for robustness
To improve paging reliability in case of very long DRX cycle, it has been agreed that the paging message can be repeated on different paging occasions determined using the legacy DRX formula for a certain time window. We understand that the parameter of time window is proposed together with the CN timer based solution, which is configured by the MME. In the H-SFN based solution, it is more proper to use the parameter of “number of PO the paging will be repeated in one PH”, and this parameter should be configured by the eNB. There are two alternatives to implement the configuration of this parameter.
· Alternative 1: Add a new parameter in the PCCH-Config IE to indicate the number of PO the paging will be repeated in one PH. In this case, the UE configured with extended DRX cycle will use the legacy defaultPagingCycle to determine the PF/PO and use this new parameter to determine the number of PO repetition in one PH.
· Alternative 2: Add a new parameter in the PCCH-Config IE to indicate the another default paging cycle which is only used by the UE configured with extended DRX cycle. Such UE will use this new default paging cycle to determine the PF/PO. Then the number of PO repetition in one PH would be (1024/new default paging cycle).
Let’s assume the eNB would like to configure the legacy defaultPagingCycle as 256, and the number of PO repetition for extended DRX as 2 in one PH. Then Figure 1(a) and 1(b) illustrate these two alternatives respectively.
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Figure 1(a) Alternative 1
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Figure 1(b) Alternative 2
From the above figure, we can see the difference of these two alternatives is the length of interval between the repetitions. We prefer alternative 1 as it is with shorter interval which could reduce the delay of paging receiving in case that multiple receiving is needed.
Proposal 2: Define a new parameter in the PCCH-Config IE to indicate the number of PO the paging will be repeated in one PH. The UE configured with extended DRX cycle will use the legacy defaultPagingCycle to determine the PF/PO and use this new parameter to determine the number of PO repetition in the PH.
On the paging repetition, another FFS issue is how the UE determines for how long to monitor for paging messages in one PH. Next we give our analysis on this issue.
There could be three cases after UE monitors the PO in one PH.

· Case 1: UE monitors the PO and receives a paging message where the UE is paged.

· Case 2: UE monitors the PO and receives a paging message where the UE is not paged.

· Case 3: UE monitors the PO but didn’t receive any paging message

For Case 1, it’s obvious that the UE doesn’t need to monitor the remaining POs in the PH anymore. For the other two cases, the UE couldn’t know the reason that it is not paged in the current PO is due to no paging message to it at all in this PH or no room to include it in the paging message or the failure of paging message receiving. So the most safety way is to keep monitoring its remaining POs in the PH.
Proposal 3: In each PH, the UE shall keep monitoring its POs until it receives a paging message where it is paged or until it has monitored the PO for the number configured by the eNB, depending on which one come first.
2.3 Signalling procedure for extended DRX value negotiation
In SA2 study on the eDRX, a signalling procedure to enable the extended DRX cycle was captured in the TR [5] and the stage 2 CR for this procedure has been agreed in [6]. For convenience, the signalling flow chart from [5] is copied in Annex 2.
In this procedure, the UE can request to use the extended DRX value with no need to consider whether the serving eNB support this value. Instead, the MME can check the eNB’s capability on the extended DRX. This procedure can excellently achieve the negotiation among UE, eNB and MME on the extended DRX value. From this signalling procedure, we have two observations:
Observation 1: RAN doesn’t need to broadcast any information on the value of extended DRX it can support.

Observation 2: MME needs to know the maximum extended DRX cycle that RAN can support.
In [5], SA2 has mentioned some example options to meet the requirement of observation 2, such as by using S1 signalling, OA&M method, or manual configuration. However, they left the final way to go up to RAN. This is obviously out of RAN2 scope but should be addressed by RAN3 instead. 
3. Conclusion

In this contribution, we discuss some remaining issues that are essential for the extended idle mode DRX but have not been addressed yet up to now and propose that
· Proposal 1: For the UE configured with extended DRX cycle for Idle mode, the above formula (3) or the combination of (4) and (5) is used to determine the PH (paging H-SFN) where it wakes up to look for the PF/PO.

· Proposal 2: Define a new parameter in the PCCH-Config IE to indicate the number of PO the paging will be repeated in one PH. The UE configured with extended DRX cycle will use the legacy defaultPagingCycle to determine the PF/PO and use this new parameter to determine the number of PO repetition in the PH.
· Proposal 3: In each PH, the UE shall keep monitoring its POs until it receives a paging message where it is paged or until it has monitored the PO for the number configured by the eNB, depending on which one come first.
In addition, we have two observations from the signalling procedure agreed by SA2 on extended DRX value negotiation. 

· Observation 1: RAN doesn’t need to broadcast any information on the value of extended DRX it can support.

· Observation 2: MME needs to know the maximum extended DRX cycle that RAN can support
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Annex 1
In this Annex we give an example in Figure 2 to show that how the UE’s H-SFN is distributed by using the formula we proposed in section 2.1. We consider three UEs and the assumed corresponding values for some essential parameters are listed as below.

· n=4, which mean the maximum DRX value can be supported is 1024*2^4 frames
· UE1: IMSI=1000 and Textended = 1024*4;

· UE2: IMSI=3000 and Textended = 1024*8；

· UE3: IMSI=8000 and Textended = 1024*16
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Figure 2
Annex 2
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