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1 Introduction
To facilitate E-UTRAN to CDMA 1xRTT and HRPD handovers in UEs with a single receiver, the CDMA system time reference needs to be provided to the UE in order for the UE to report the pilot PN phases of the target 1xRTT or HRPD cells in a timely manner.  This is achieved through the SIB8 message [1] broadcast by the serving LTE eNB.  The CDMA system time reference provided by the serving LTE eNB has to be accurate to within a certain level in order to facilitate reporting of the pilot PN phases of the target 1xRTT or HRPD cells and enable reliable handover to the 1xRTT or HRPD networks.  In addition the UE needs to establish accurate CDMA time reference based on the CDMA System Time provided by the eNB.  This paper discusses the synchronization requirements for LTE eNBs and single receiver UEs capable of supporting E-UTRAN to 1xRTT and HRPD handovers.
2 CDMA 1xRTT Synchronization Requirements
In a CDMA 1xRTT network, base stations are required to maintain pilot time alignment with respect to the CDMA System Time.  [2] “Reliable external means should be provided at each base station to synchronize each base station time base reference to CDMA System Time. Each base station should use a frequency reference with sufficient accuracy to maintain time alignment to CDMA System Time.”  “The pilot time alignment error should be less than 3 µs and shall be less than 10 µs.”  In addition, “With the external source of CDMA System Time disconnected, the base station shall maintain transmit timing within ±10 μs of CDMA System Time for a period of not less than 8 hours.”

Mobile stations establish the time reference based on the earliest multipath component being used for demodulation.  [2] “The mobile station shall establish a time reference which is utilized to derive timing for the transmitted chips, symbols, frame slots, and system timing. Under steady state conditions, the mobile station time reference shall be within ±1 μs of the time of occurrence of the earliest multipath component being used for demodulation as measured at the mobile station antenna connector.”

Mobile stations measure and report pilot PN phases relative to the time reference based on the earliest multipath component being used for demodulation.  [4] “The mobile station shall measure the arrival time, PILOT_ARRIVAL, for each pilot reported to the base station. The pilot arrival time shall be the time of occurrence, as measured at the mobile station antenna connector, of the earliest arriving usable multipath component of the pilot. The arrival time shall be measured relative to the mobile station’s time reference in units of PN chips.”

3 CDMA HRPD Synchronization Requirements
Similarly in a CDMA HRPD network, sectors are required to maintain pilot time alignment with respect to the CDMA System Time.  [5] ”Reliable external means should be provided at each sector to synchronize each sector time base reference to System Time. Each sector should use a frequency reference with sufficient accuracy to maintain time alignment to System Time.”  “The pilot time alignment error should be within ±3 μs and shall be within ±10 μs of CDMA System Time.”   In addition, “With the external source of System Time disconnected, the sector shall maintain transmit timing within ±10 μs of System Time for a period of not less than 8 hours.”
Access terminals establish the time reference based on the acquired Pilot Channel and the Sync Message transmitted on the Control Channel.  [4] “The access terminal shall establish a time reference that is used to derive timing for the transmitted chips, symbols, slots, frames, and system timing. The access terminal initial time reference shall be established from the acquired Pilot Channel and from the Sync message transmitted on the Control Channel. Under steady-state conditions, the access terminal time reference shall be within ±1 μs of the time of occurrence, as measured at the access terminal antenna connector, of the earliest arriving multipath component being used for demodulation.”  
Access terminals measure and report pilot PN phases relative to the time reference based on the acquired Pilot Channel and the Sync Message transmitted on the Control Channel.  [4] “The access terminal shall measure the arrival time, PILOT_ARRIVAL, for each pilot reported to the access network. The pilot arrival time shall be the time of occurrence, as measured at the access terminal antenna connector, of the earliest arriving usable multipath component of the pilot. The arrival time shall be measured relative to the access terminal’s time reference in units of PN chips.”

4 LTE Synchronization Requirements
In TS 36.331 [1], it has been specified that SIB8 will carry the CDMA System Time information to facilitate the reporting of CDMA pilot PN phases for E-UTRAN to 1xRTT and HRPD handovers.  The SIB8 CDMA System Time information is defined as the GPS time corresponding to the SFN boundary at or after the ending boundary of the SI-window in which SystemInformationBlockType8 is transmitted:
1. If the eNB is synchronized to the GPS time then the size of CDMA System Time information is 39 bits and the unit is 10 ms based on a 1.2288 Mcps chip rate.
2. If the eNB is not synchronized to the GPS time then the size of CDMA System Time information is 49 bits and the unit is 8 CDMA chips based on 1.2288 Mcps chip rate.
Based on the 1xRTT and HRPD synchronization requirements above and extensive field data of 1xRTT and HRPD handover reliability associated with those requirements, we recommend the following time synchronization requirements for eNBs and single receiver UEs capable of supporting E-UTRAN to 1xRTT and HRPD handovers:

1. For Synchronized LTE networks, the eNB shall be synchronized to the GPS time.  The timing deviation between the SFN boundary at or after the broadcasted CDMA System Time (with 10-ms granularity in the SIB8 message) and the broadcasted CDMA System Time shall be within 10 s as shown in Figure 1.
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Figure 1
Requirement for Synchronized LTE eNB

2. For Non-Synchronized LTE networks, the timing deviation between the SFN boundary at or after the broadcasted CDMA System Time (with 8-chip granularity in the SIB8 message) and the broadcasted CDMA System Time shall be within 10 s as shown in Figure 2.
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Figure 2
Requirement for Non-Synchronized LTE eNB

3. For Synchronized LTE networks, with external source of CDMA System Time disconnected, the eNB shall maintain the timing accuracy within ±10 μs of CDMA System Time for a period of not less than 8 hours.

4. For both Synchronized and Non-Synchronized LTE networks, with external source of CDMA System Time disconnected, the SFN boundary at or after the broadcasted CDMA System Time in the SIB8 message shall maintain the timing accuracy within ±10 μs of CDMA System Time for a period of not less than 8 hours.
5. The UE shall establish a CDMA time reference which is utilized to report pilot PN phases of target 1xRTT or HRPD cells for E-UTRAN to 1xRTT and HRPD handovers.  The UE first uses the SFN boundary at or after the broadcasted CDMA System Time in the SIB8 message to establish a coarse time reference, and then uses the PN offsets in the CDMA2000-NeighbourCellInformation field of the SIB8 message to determine the reference pilot and refine its CDMA reference time according to the reference pilot.  The UE shall report the reference PN and the pilot PN phases of other pilots based on this reference pilot.  Under steady-state conditions, the UE’s CDMA time reference shall be within ±1 μs of the time of occurrence of the earliest multipath component of the reference pilot being used for demodulation as measured at the UE’s antenna connector.  This requirement is governed by the CDMA 1xRTT and HRPD standards.
5 Conclusion

Synchronization requirements for LTE eNBs and single receiver UEs capable of supporting E-UTRAN to 1xRTT and HRPD handovers have been proposed based on similar requirements for 1xRTT and HRPD networks.  We recommend adding these requirements under a new section “7.5 Synchronization Requirements for E-UTRAN to 1xRTT and HRPD Handovers” in TS 36.133 for eNB and UE capable of supporting E-UTRAN to 1xRTT and HRPD handovers.  Text for CR is proposed in a separate contribution.
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