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Abstract of the contribution: this paper discusses the issue of loose H-SFN synchronization for eDRX and shows why some details about time references need to be captured in TS 23.682.
1. Discussion
To minimize or avoid page storage in the eNB and minimize missing pages for eDRX, the loose H-SFN synchronization between MME and eNBs with 1 to 2 seconds accuracy is required in the current specification TS 23.682:
Each eNodeB 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 eNodeBs and MMEs are able to use the same H-SFN value with accuracy in the order of legacy DRX cycle lengths, e.g. 1 to 2 seconds. 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.
In order for the UE to be paged at roughly similar times, the H-SFN of all eNodeBs and MMEs should be loosely synchronized. Each eNodeB and MME synchronizes internally the H-SFN counter so that the start of H-SFN=0 coincides with a preconfigured time.

However, the eNodeBs and MMEs may be configured with different time references, e.g. GPS time or Coordinated Universal Time (UTC), especially for the scenario in which the eNodeBs and MMEs are from different manufacturers. Because the time difference between GPS time and UTC time can be many seconds, it is difficult to achieve loose H-SFN synchronization between eNodeBs and MMEs with 1 to 2 seconds accuracy. So it needs to consider the difference of time reference between eNBs, or between eNBs and MMEs, or between MMEs. 
1.1 Difference between time references
Currently, the GPS time and UTC time are widely used time reference. The difference between GPS time and UTC time is as follows:

(1) UTC time

UTC is the primary time standard by which the world regulates clocks and time. The current version of UTC is defined by International Telecommunications Union Recommendation (ITU-R TF.460-6), “Standard-frequency and time-signal emissions” , and is based on International Atomic Time (TAI) with leap seconds added at irregular intervals to compensate for the slowing of Earth's rotation. Leap seconds are inserted as necessary to keep UTC within 0.9 seconds of universal time.The first leap second occurred on 30 June 1972. Since then, leap seconds have occurred on average about once every 19 months, always on 30 June or 31 December. 

(2) GPS time

GPS time is the atomic time scale implemented by the atomic clocks in the GPS ground control stations and the GPS satellites themselves. GPS time was zero at 0h 6-Jan-1980. While most clocks derive their time from UTC, the atomic clocks on the satellites are set to GPS time. The difference is that GPS time is not corrected to match the rotation of the Earth, so it does not contain leap seconds or other corrections that are periodically added to UTC. Since it is not perturbed by leap seconds GPS is now ahead of UTC by 17 seconds, shown as in figure 2.
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Figure 2: Difference between time references (source: http://leapsecond.com/java/gpsclock.htm)
1.2 MME-eNB synchronization with different time references
Each eNodeB and MMEs synchronizes internally the H-SFN counter so that the start of H-SFN=0 coincides with a preconfigured time based on the same time reference, e.g. the start point of GPS time 0h 6-Jan-1980. 

If the eNodeB and the MMEs are preconfigured with different time references, the time offset of different time references should be needed. Considering that for some scenarios, e.g. TDD network, the eNodeB can only use GPS time and cannot support time reference conversion, it is better for the MME to supports the conversion of time reference, e.g. calculate the GPS time based on UTC time using the GPS-UTC time offset (currently the time offset is 17 seconds).
Considering that the UTC time needs to add leap seconds at irregular intervals to compensate for the slowing of Earth's rotation, this implies that the UTC time is not continuous. The time reference configured in the eNBs may also be used to maintain the SFN counter, so the discontinuous time reference may not suit for eNBs. Maybe it is reasonable to configure the GPS time as the baseline time reference, so that the eNBs and MMEs can calculate the GPS time considering the time offset between GPS time and other time reference. Especially for the scenario in which the eNodeBs and MMEs are from different manufacturers, there is no need to negotiate which time reference to be used.
2. Summary and Proposals
In section 1 we showed that in a multivendor environment eNBs and MMEs may not use the same time reference. The time difference among such reference can be of 17 seconds and it can even increase by 1 second each 19 months on average. In such environments it is difficult to achieve the loose H-SFN synchronization (in the order of 1-2 seconds) necessary to support paging in eDRX. It is clear that such situation would lead to interoperability issues.
Because of these reasons, we propose:
Proposal 1: To achieve loose H-SFN synchronization between eNodeBs and MMEs, the GPS time can be set as the baseline time reference, so that the eNBs and MMEs can synchronize the H-SFN counter based on the GPS time considering the time offset between GPS time and other time reference, and the start of H-SFN=0 coincides with a preconfigured time, e.g. the start point of GPS time 0h 6-Jan-1980.
Proposal 2: Agree on the corresponding CRs vs. TS 23.682 captured in S2-164361 and S2-164362.
NOTE: 
We believe that the interoperability issues pointed out above should be prevented as soon as possible. We are anyway open on whether this implies changes in Rel-13 and Rel-14 or only in Rel-14.[image: image2.png]
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