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1 Introduction
In RAN#68, a new WI was approved [1] and its objective is to provide RAN specifications for power saving enhancements. Two detailed objectives of this work item are:
· DRX enhancements in Idle mode: (RAN2, RAN3, RAN4)

· DRX extensions that are applicable for both beyond and within the SFN limit of 40.96 sec
· DRX enhancements in connected mode (i.e. CELL_PCH and URA_PCH)  (RAN2, RAN3, RAN4)
· DRX extensions up to a limit subject to SA2 approval: 
· RAN2 should liaise with SA2 working with the WID “Extended DRX cycle for Power Consumption Optimization and further evaluate the proposed extension taking into account the SA2 feedback.
In this contribution we provide a solution for DRX extension within the SFN limit up to 40.96 seconds, and list the possible specification impacts for this solution. 
2 Discussion

2.1 Legacy DRX mechanism for idle and PCH state

The legacy DRX mechanism in idle and PCH state is used to reduce power consumption. When DRX is used the UE needs only to monitor the Page Indicator (PI) in one PAGING Occasion per DRX cycle. 

The value of the Paging Occasion is calculated as follows:

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.

In the above formula, the DRX cycle length shall be MAX(2k, PBP) frames, where PBP=1for FDD, k is an integer CN domain specific. The UE shall store each CN domain specific DRX cycle length for each CN domain the UE is attached to and use the shortest of those DRX cycle lengths. The CS CN specific DRX cycle length coefficient shall be updated locally in the UE using information given in system information. On the other hand, the PS CN specific DRX cycle length coefficient shall be updated after the negotiation between the UE and PS CN by NAS procedure. If no specific value "k" is negotiated in NAS procedure, the UE and PS CN shall use the DRX cycle length given for PS CN domain in system information [2].

The DRX cycle lengths to use for PCH state is the shortest of the following:


-
UTRAN DRX cycle length;


-
any of the stored CN domain specific DRX cycle length for the CN domains the UE is only attached to with no signalling connection established.
The Page Indicator to be used is calculated by using the following formula:

PI =
DRX Index mod Np


where DRX Index = IMSI div 8192

In FDD mode, Np = (18, 36, 72, 144) is the number of Page Indicators per frame.
2.2 Solution for DRX extension within the SFN limit up to 40.96 sec

The solution for DRX extension within the SFN limit up to 40.96 seconds reuses the legacy PAGING Occasion calculation, the main modification is that it extends the max DRX cycle length from current 5.12 seconds to 40.96 seconds. 

And the existing PS CN specific DRX cycle length coefficient negotiation between the UE and PS CN by NAS procedure could also be reused, only the value range of the DRX cycle length coefficient needs to be enlarged. The detailed process for the extended DRX cycle determination for idle mode is list in figure 1.
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Figure1: Procedure of extended DRX cycle determination for IDLE state

For idle state, the only modification to the legacy procedure is that RAN indicates eDRX capability via the system information. If the negotiated eDRX value is supported by the RAN, the UE will calculate the paging occasion using the negotiated extended DRX cycle length as per legacy mechanism; If not, the UE and the RAN shall use the DRX cycle length given for PS CN domain in system information.
For PCH state, as per legacy mechanism, the DRX cycle lengths to be used is the shortest of the following:

-
UTRAN DRX cycle length configured by dedicated signaling;
-
any of the stored CN domain specific DRX cycle length for the CN domain to which the UE is attached without signalling connection established.
The stored CN domain specific DRX cycle length to which the UE is attached with no signaling connection established can follow the mechanism for idle mode mentioned above. The UTRAN DRX cycle length needed to be extended to support the DRX extension.
Note that in current specification, the notification of system information modification will be broadcast for the entire DRX cycle length. With the DRX cycle extension, two options are list:

· The notification cycle will be extended to 40.96 seconds. 

· The notification cycle will not be extended, the UE supporting DRX extension reads the MIB when wakes from the extended DRX.

For option 1, second PICH solution may be needed to avoid the additional power consumption of legacy UEs to receive specific paging message which is actually for UEs supporting DRX extension.

For option 2, UE supporting DRX extension may waste some MIB reading power.

2.3 Specification impact
As depicted in section 2.2, the solution for DRX extension within the SFN limit up to 40.96 seconds reuses most of the legacy scheme, e.g. Paging Occasion calculation, PS CN specific DRX cycle length coefficient negotiation mechanism, etc., thus bring few impacts to current RAN specification.

Possible impacts are list as follows:

1) CT1

· Extends the value range of current PS CN specific DRX cycle length coefficient, to support the max DRX cycle length value of 40.96 seconds

2) RAN2

· UE reports its capability of supporting DRX extension up to 40.96s to the RNC;

· RNC broadcasts its capability of supporting DRX extension up to 40.96s, UE behavior should also be updated accordingly;

· Extends the value range of current UTRAN DRX cycle length coefficient, to support the max DRX cycle length value of 40.96 seconds;

· Notification of system information modification (Optional): if to read MIB directly upon waking up is used, UE behavior is impacted

· 2nd PICH (optional): if the scheme for notification of system information modification reuses the legacy mechanism, 2nd PICH could be considered for mitigating paging load
3) RAN3

·  Paging procedure(CN->RNC):Extends the value range of DRX cycle length coefficient
4) RAN4

· RAN4 requirements for UE measurements and mobility
Based on the discussion in section 2.2 & 2.3, it is proposed that：
Proposal 1: It is proposed RAN2 to discuss and approve the following:

1. Broadcast eDRX supporting indicator

2. To decide the scheme for notification of system information modification
3. To extend the UTRAN DRX cycle length coefficient to support DRX extension for PCH state.
4. Agree to extends the DRX coefficient in Iu procedure and send LS to RAN3 informing RAN2 agreements.

5. Agree to extend the coefficient in NAS procedure and send LS to CT1 informing RAN2 agreements.
6. LS to RAN4 to inform RAN2 agreements and ask to evaluate impacts on measurements brought by DRX extension.

3 Conclusion

In this contribution, we provide a solution for DRX extension within the SFN limit of 40.96 sec is list, list the possible specification impact for this solution.

Proposal 1: It is proposed RAN2 to discuss and approve the following:
1. Broadcast eDRX supporting indicator

2. To decide the scheme for notification of system information modification
3. To extend the UTRAN DRX cycle length coefficient to support DRX extension for PCH state.

4. Agree to extend the DRX coefficient in Iu procedure and send LS to RAN3 inform RAN2 agreements.

5. Agree to extend the coefficient in NAS procedure and send LS to CT1 informing RAN2 agreements.

6. LS to RAN4 to inform RAN2 agreements and ask to evaluate impacts on measurements brought by DRX extension.
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