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1   Introduction
RAN3 has received an LS from RAN2 and a response LS from  SA2 on paging for eDRX. In this paper we analyse the possible impact on RAN3 for the LTE part.
2   Background
2.1   LS from SA2 (July)

In an LS [1], SA2 asks RAN2 to evaluate and provide a conclusion on a preferred solution based on the following three proposed solutions from SA2: 

· Solution 1: RAN based approach (SFN extension)
Technically endorsed CR: S2-152354 (TS 23.401)

· Solution 2: Core Network based with event based time reference
Technically endorsed CRs:  S2-152617 (TS 23.682), S2-152672 (TS 23.401)

· Solution 3: Core Network based with absolute time reference
Technically endorsed CRs:  S2-152673 (TS 23.682), S2-152672 (TS 23.401)

2.2   LS from RAN2 (August)

In a response LS [2] sent to SA2 but also to RAN3, RAN2 concludes the following:

· RAN2 agreed to define a hyper-SFN (H-SFN) in the RAN in order to enable Rel. 13 extended DRX in idle mode. The motivation is to provide the means for a UE to be able to re-synchronize over Uu with the RAN without sending uplink signalling and to improve power saving gains.

· The hyper-SFN (H-SFN) is broadcasted by the cell. Each H-SFN corresponds to one SFN cycle (i.e, 10.24s).  

· It was observed that extended DRX operation requires storing of paging messages in the network for extended periods of time. RAN2 has agreed that it is desirable to minimize or avoid storing paging messages in the RAN nodes.


· Minimizing or avoiding storing of paging messages in the RAN nodes requires the MME to have some awareness of the approximate time when the UE will become reachable. How this is achieved is up to SA2.

· In order to ensure paging robustness when the UE moves between cells, it is necessary to provide a mechanism to minimize the probability of missing pages caused by a lack of any H-SFN synchronization in the network. Even though tight synchronization (such as SFN or subframe level) is not required, loose H-SFN synchronization is necessary in the network. 

· Loose H-SFN synchronization may be achieved if the H-SFN timing difference between the eNBs is at most in the range of the time window where paging repetitions are sent by the network to the UE within an eI-DRX cycle. 

2.3   LS from SA2 (October)
In the LS from SA2 [3], feedback on both LTE and UTRAN is provided. The LS from SA2 [3] states the following regarding E-UTRAN:

1. The Paging Time Window (PTW) is assigned by MME and provided to UE via NAS during attach/TAU.
2. MME needs to store the paging messages for extended periods of time to avoid storing paging messages in the RAN nodes. MME uses the Paging Hyperframe formula as defined by RAN2 when computing the beginning of the paging time window and sends the paging request just before the first Paging occasion occurs. It is assumed that all the MMEs and eNBs use the same H-SFN within a difference in the order of 1 to 2 seconds.

3. The MME takes into account the paging time window length for paging retransmission strategy. It's FFS whether the MME includes the extended DRX value and/or PTW length in S1 paging request.
In the LS, SA2 includes an FFS regarding whether additional information is needed in the paging message. SA2 also asks RAN2 and RAN3 to provide feedback on the required synchronization (1-2s). 

The LS also includes a CR [4] on TS 23.682 which contains more details (extracted from [4]):

· A Hyper-SFN (H-SFN) frame structure is defined on top of the SFN used for regular idle mode DRX. Each H-SFN value corresponds to a cycle of the legacy SFN of 1024 radio frames, i.e. 10.24s. The extended idle mode DRX value range will consist of values that are a power of 2, starting from 5.12s (i.e. 5.12, 10.24, 20.48 etc) up to a maximum of 2621,44s (43.69 min).

· When extended idle mode DRX is enabled for a UE, the UE begins to be reachable for paging in a specific Paging Hyperframes (PH), which is a specific set of H-SFN values. The PH computation is a formula that is function of the extended idle mode DRX cycle, and a UE specific identifier, as described in TS 36.304 [yy].  This value can be computed at all UEs and MMEs without need for signalling. 

· The MME also assigns a Paging Time Window length, and provides this value to the UE during attach/TAU procedures together with the extended idle mode DRX cycle length. 

· The UE first paging occasion is within the Paging Hyperframe as described in TS 36.304 [yy]. The UE is assumed reachable for paging for an additional Paging Time Window length after first paging occasion. After the Paging Time Window length, the MME considers the UE unreachable for paging until the next Paging Hyperfame. 
· In order for the UE to be paged at roughly similar time, the H-SFN of all eNBs and MMEs should be loosely synchronized. 

· Each eNB and MME synchronizes internally the H-SFN counter so that the start of H-SFN=0 coincides with a preconfigured time. It is assumed that eNBs and MMEs are able to use the same H-SFN value within an error in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds. It is to be noted that there is no need for synchronization at SFN level.

· There is no signalling between network nodes required to achieve this level of loose H-SFN synchronization.
3   Discussion
3.1   Synchronisation

Compared to other work in RAN3 on synchronisation, a requirement of synchronisation of 1-2 seconds is not so strict. It is assumed that the synchronisation requirement is valid within the TAI list of the UE, which essentially means the whole network must be synchronised on order not to create borders between TAIs. As stated in the CR from SA2, there is no additional signalling between networks to achieve the loose H-SFN synchronisation. It is instead assumed that the start of the H-SFN is configured at a specific starting time. This means that the H-SFN can be calculated based on a clock and that the accuracy depends on the accuracy of this clock in the different nodes. We believe that solutions like Network Time Protocol could be used to guarantee a synchronisation error less than 2 seconds in the network and that this (or similar solutions) would be feasible to use.
Observation 1: The assumed requirement is that the MME and eNB in the whole network must be synchronised with a 2s accuracy. We believe this requirement is feasible.
3.2   Information in the paging request

In the SA2 LS, it is marked as FFS whether the MME includes the extended DRX value and/or PTW length in S1 paging request. At the same time, in an ongoing email discussion in RAN2, the details of eDRX paging are discussed. 
As outlined in the SA2 LS, the MME will send the paging message so that the eNB will receive the paging information shortly before the paging should be done in the eNB. The eNB could then start transmitting the page in the first possible PO. 
The determination of the first PF inside an H-SFN is being discussed in RAN2. The majority of the companies seem to prefer legacy methods, or at least methods based on already existing information to determine the first PF inside each hyper frame. There is for example a proposal to calculate the starting point of the paging window as UE_ID mod (k), where k is the number of legacy PF within the paging hyper frame, but there are also other proposals. 
There is also a similar discussion on how to determine the PH, based on e.g. the extended DRX value and the UE identity. 
Hence, if we would also include the extended DRX value in the paging message, it would be possible for the eNB to calculate the PH, PF and PO. This would mean that we could reduce sensitivity of any synchronisation error, or any delay jitter over S1. 

Observation 1: It would be beneficial to include extended DRX value in the PAGING message, but the detailed solution on how to use it is not yet agreed in RAN2.
Regarding the need to include the PTW in the PAGING message, there is currently a  discussion in RAN2 to use this to allow for the eNB to repeat the paging  in order to improve the probability that the UE is reached. There is also an ongoing discussion whether the UE should listen to one or all of the PO inside the paging time window. If there is an agreement in RAN2 that the eNB should repeat the paging, the eNB would need to know for how long. Therefore the PTW would be needed in the PAGING message.
Observation 2: If eNB shall repeat the paging inside the PTW, this information is needed in the PAGING message. The detailed solution is not yet agreed in RAN2.
4   Conclusion
We believe that the proposed synchronization requirement from SA2 is feasible.

We believe that RAN3 needs to wait for RAN2 agreement before adding additional information in the PAGING message. 
We should also capture the above in a reply LS to RAN2 and SA2.
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