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1 Background
One of the objectives of the “Power saving enhancements for UMTS” WID [1] is: 

· 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

During the study item phase both a hyper SFN based [2] and event based [3] solution for eDRX in Idle mode was discussed, and captured in TR 25.705 (see section 6.4.2.1 and 6.4.2.2). In the LTE eDRX work item [4] a similar hyper SFN [5] and event based [6] solution have been discussed. Both the hyper SFN and event based solution have in common a so-called paging window, as captured in the LS to SA2 about the eDRX [7]:
When the UE wakes-up in the extended DRX the UE starts monitoring the paging occasions as specified by the legacy DRX. The network can repeat paging messages for a number of paging occasions known by both UE and network. This number of paging occasions is sometimes referred to as the paging window. The details when the UE can stop monitoring the paging occasions of the paging window have not been discussed in the study item phase.

For LTE the following agreements for the paging window were made in RAN2#90 for the ongoing work item:
· 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.  

For LTE it was agreed to extend the eDRX in Idle mode beyond the current SFN limit of 10,24 sec, but the upper limit is FFS:
· For idle mode, RAN2 agrees that the DRX should be extended past the current SFN limit of 10.24s.   From RAN2 point of view we see power consumption benefits of increasing the DRX cycle in order of minutes.   How many minutes it is FFS.  
SA2 discussed the event and hyper SFN (i.e. extended SFN) solution as well, but also identified a third clock based solution, i.e. “Core Network based with absolute time reference” [8]: 
· Solution 1: Extended SFN

· Solution 2: Event based

· Solution 3: Clock based

Solution 2 and 3 have similarities, and in the past solution 3 has been discussed as a variant of solution 2. Furthermore solution 2 reverts back to solution 3, in case no common time reference (e.g. GPRS) is available. SA2 asks RAN2 to evaluate the three solutions [8]: 
SA2 requests RAN2 to evaluate and provide a conclusion on a preferred solution from the above.
In this contribution the three solutions are compared, and a way forward is proposed. 
2 Discussion
2.1 Comparison of hyper SFN and event based approach
First a high level description of the three solutions is given. Next they are compared and a way forward is proposed.

Before the three solutions are discussed in more detail first the Paging Transmission Window (PTW) is discussed in some more detailed, which is common for all three solutions. The following assumptions are made:

· The PTW consists of a number of consecutive Paging Occasion (PO) in the legacy DRX denoted as NPTW. NPTW is greater than one, i.e. multiple POs in the PTW are needed to support paging with mobility and bad coverage conditions. The NW configures NPTW of the PTW.

· POs in the PTW (NPTW) are not used to compensate for synchronization errors or clock drift issues between UE and NW, i.e. when the UE wakes-up on the serving cell again in the next paging window (e.g. UE is not moving), the UE is required to monitor the first PO of the PTW. When the UE experiences synchronization or clock drift issues, the UE has to ensure to wake-up sufficient early to not miss the first PO of the PTW (similar as in legacy DRX). 
· The UE is required to monitor every PO of the PTW until either the PTW has ended or the stop criteria to monitor POs of the PTW is met. The stop criteria is FFS. 

Extended SFN 
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Figure 1: High level operation  with extended SFN approach.
In figure 1 it is explained that the extended SFN solution is RAN based, and it is transparent to the CN. The SGSN forwards any incoming page to the RNC similar as if the UE was not in eDRX. The RNC takes care of buffering the paging messages until the UE wakes up in the Paging Transmission Window (PTW) and the UE can be paged. 
The NodeB broadcasts additional (extended) SFN bits in SIBx (e.g. 8 bits) such that a paging occasion with a DRX cycle length longer than 40,96 seconds can be obtained. The extended SFN bits in SIBx is referred to as Hyper Frame (HF) in this contribution. The HP is incremented every 40,96 seconds in SIBx, and is the same in each cell of the RNC. The legacy SFNs (12 bits) are unsynchronized, i.e. the SFN wraps around at a different time in each cell of the RNC:
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The extended SFN (eSFN) is computed as:

· eSFN = legacy SFN + HF
This approach has the disadvantage that paging windows in neighbouring cells may only partially overlap or do not overlap at all. Thus when the UE moves, and wakes-up in a neighbouring cell the UE may miss the paging, and has to wake-up again in a later paging window of the new cell. This can be avoided by synchronizing the paging windows of cells of the same RNC. The paging windows can be synchronized using a common RNC reference counter (either an offset to the cell’s SFN or a complete reference counter can be broadcasted in system information). The UE and RNC use then the common RNC reference counter to calculate the paging occasions of the paging window. It is noted that synchronization of the paging window of cells of different RNC is not needed, because the Paging Areas typically do not cross RNC borders. 
The signalling with extended SFN is depicted in the figure below: 
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Figure 2: Signalling with extended SFN approach. 

· The eDRX coefficient is negotiated between UE and CN, i.e. the UE can propose a suggested eDRX value (and implicitly indicate support of eDRX in Idle mode), but the SGSN determines the configured eDRX value in the NAS reply (or reject eDRX configuration in Idle mode by omitting an eDRX value).
· The SGSN determines the Paging Transmission Window (PTW) size, i.e. the number of legacy Paging Occasions (POs) in the PTW (NPTW).
· The SGSN pages the RNC as in legacy, i.e. the RNC needs to stores paging messages until the paging window of the UE starts. In some cases the stored paging messages may become “invalid” (e.g. S-TMSI has expired, UE has entered connected mode, …). 

Event based
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Figure 3: High level operation with event based approach.
In figure 2 it is explained that the event based solution is CN based, and is transparent to the RAN. The SGSN buffers incoming pages until the PTW of the UE starts. Both UE and CN maintain a timer TeDRX, i.e. when TeDRX expires the PTW starts:
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Figure 4: Timer TeDRX with event based approach. 

The signalling with the event based approach is depicted in the figure below:
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Figure 5: Signallign with the event based approach. 
· The eDRX negotiation is similar to the extended SFN approach (except that a timer value is negotiated). 

· The UE and SGSN start the timer TeDRX when the NAS ATTACH/RAU procedure is successfully executed [9]. When the Downlink Direct Transfer carrying the NAS reply is delayed due to retransmissions on the air-interface there can be a significant time difference when UE and NW start the TeDRX timer. This can be avoided when the RNC includes a “timestamp” (e.g. using a reference to the SFN timing in the cell) when it has received the NAS reply from the SGSN. The UE can use this “timestamp” to start the TeDRX timer such that the air-interface latency is removed. 
· When the UE performs ATTACH or RAU the TeDRX in UE and NW is re-started, i.e. the clocks are re-synced again. However when the UE is not moving and remains on the serving cell the UE can compensate for the UE clock drift by comparing the expected and observed SFN when waking up. However when the UE is moving and is changing cells this is not possible, because the SFNs of the cells are not synchronized. However synchronizing the SFNs, as explained for the eSFN solution before, could solve that issue. It is estimated that with some design effort a low clock drift is feasible (e.g. 1 PPM). With a low clock drift the additional wake-up time is minimal (e.g. with 1 PPM 3,6 ms after 1 hour, or 86,5 ms after 24 hours).
Clock based

The clock based solution has similarities with the event based approach, and is also CN based (see figure 1). The signalling with the clock based approach is depicted in the figure below: 
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Figure 6: Signallign with the clock based approach. 

· The Paging Transmission Window is synchronized between UE and CN based on a common time reference (e.g. GPS time). The UE is configured with a TeDRX and NPTW similar as in the event based approach, but also with a Tref (e.g. GPS time) indicating the start of the PTW. The next PTW starts TeDRX after the previous PTW, until Tref and TeDRX are re-configured again in ATTACH/RAU.
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Figure 7: Paging windows with clock based approach. 

Now that the three solutions have been described a high level comparison of the three solutions is provided. 
	
	Extended SFN
	Event based
	Clock based

	Impact on
	UE and RAN
	UE and CN
	UE and CN

	Paging coordination
	Between UE and RNC
	Between UE and CN
	Between UE and CN

	Paging synchronization
	Extended SFN in SIB
	Timer started with ATTACH/RAU. There can be a significant time difference in the start of the timer TeDRX in UE and CN in case of retransmissions on the air-interface.
	Common time reference (e.g. GPS)

	Paging occasions
	Legacy formula with eSFN
	Legacy formula with SFN
	Legacy formula with SFN

	Paging transmission
	RAN stores pages until paging window starts
	SGSN stores pages until paging window starts
	SGSN stores pages until paging window starts

	Re-sync paging window
	Reading eSFN in system information
	NAS procedure (ATTACH/RAU)
	Reading GPS time from SIB5

	Mobility
	There is a risk that the UE has to be paged again in the following Paging Window in case of mobility, unless the SFNs are synchronized. There is a risk of repeated misses in case the UE moves between two cells. 
	The UE may miss the first PO(s) of the Paging Window in case of mobility, but the UE can still be paged in the remaining POs of the Paging Window. 


	UE may miss the first PO(s) of the Paging Window in case of mobility, but the UE can still be paged in the remaining POs of the Paging Window. 

	HLCom (TS 23.682)
	CN agnostic
	Support of notification based HLCom
	Support of notification based HLCom


Table 1: High level comparison of the three eDRX solutions. 
All three solutions are considered feasible, except that some solutions may require further enhancements to work properly. The extended SFN approach builds upon the legacy way to handle DRX. The timer based approach builds upon the PSM approach where also a timer is negotiated at NAS level. The clock based approach is perhaps new and requires a common time reference in UE and NW.

Proposal 1: RAN2 to discuss and select the eDRX solution in Idle mode.
3 Summary

RAN2 is kindly asked to: 

Proposal 1: RAN2 to discuss and select the eDRX solution in Idle mode.
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