3GPP TSG RAN WG1 Meeting #74,
R1-133435
Barcelona, Spain, 19th – 23rd August 2013
Source:
Ericsson, ST-Ericsson

Title:
On Radio-Interface based synchronization mechanisms
Agenda Item:
7.2.6.2
Document for:
Discussion and Decision

1. Introduction
It was agreed in RAN1 #73 to further investigate radio-interface based synchronization solutions such as network listening and UE assisted synchronization. Network listening based on signals in the current air interface standards was considered to be the baseline for the study with any new techniques being required to offer significant advantages compared to the baseline. It was further agreed to study the solutions for synchronization schemes using the following criteria:
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

A target synchronization accuracy of ≤3µs was agreed for the study. An LS, motivated by the possibility of reusing existing mechanisms, was sent to RAN3 to inquire whether current standardized support for HeNBs for network listening can be applied to FDD and for other eNB classes. In this document, we discuss radio-interface based synchronization in the above context.
2. Discussion
Synchronization of small cells in a radio network can be achieved using various techniques. For example, use of a GPS receiver in or at the eNB site can achieve synchronization with very fine accuracies. Radio-interface based synchronization mechanisms have been proposed as an alternate option for synchronizing small cells when other established synchronization techniques are unavailable due to, for example, poor backhaul or no satellite coverage (e.g., no GPS coverage). Radio-interface based solutions may exhibit poorer robustness and accuracy compared to a solution such as GPS, although they could be used as an additional tool when other more accurate solutions are unavailable. In the following, we consider each of the criteria listed in the previous section for radio-interface based synchronization and discuss possible solutions that will satisfy the criteria. 
2.1. Achievable synchronization accuracy

Synchronization accuracy is dependent on the structure of the reference signals being used for synchronization, the received power of the reference signals and the measurement time. The LTE air-interface has reference signals that have been specifically designed for synchronization by UEs in mobile environments. The PSS/SSS is used for initial synchronization and cell identification. The CRS are commonly used for fine synchronization and synchronization maintenance and are available at least in one out of five subframes across all carrier type and MBSFN configurations. Time synchronization accuracy achieved by UEs is typically much better than 3µs while frequency accuracy is dependent on the speed of the UE. A small cell node operating under the coverage of a macro network will typically be stationary and can take advantage of longer measurement times for initial synchronization. Synchronization maintenance is also made easier due to the lack of mobility. It should also be noted that the PRS are defined already in LTE for positioning UEs. These signals have specifically been designed to be able to measure time of arrival of neighboring NBs that may have low received signal levels. These signals could also be potentially used for small cell synchronization, if present.
Observation: Existing reference signals in LTE can be used for radio-interface based synchronization of small cells with sufficient accuracy.

2.2. Resource overhead

When the small cell eNB is first deployed, or is powered up after a long “off” period, it will need to perform an initial synchronization procedure whose accuracy will be determined by the measurement time as discussed in the previous section. However, at this stage, the eNB can increase the measurement period as necessary in order to obtain an accurate timing and frequency estimate. Once the small cell eNB starts transmitting signals on the downlink, it will periodically need to perform measurements in order to ensure that the timing and frequency do not drift outside of the required tolerances. 
The effect of frequency and timing error on performance was evaluated in [1]. It was shown that a frequency error of 0.25 ppm at 2.6 GHz leads to no performance degradation even for the highest rates with an EVA channel and incident Doppler frequency of up to 70 Hz. Vehicle speeds of up to 30 km/h were considered. It was also shown in [1] that with 0.3 ppm accuracy at 2.6 GHz, a synchronization maintenance period of 5 seconds is adequate. That is, the small cell eNB can perform synchronization measurements once every 5 seconds. Assuming a downlink transmission outage period of 20 ms, this still translates to a resource overhead of only 0.4%. Based on their study, it was recommended in [1] that an HeNB should have an accuracy of 0.25 ppm for acceptable overhead. Even accounting for higher carrier frequencies and potentially slightly higher speeds, clock accuracies in the order of 0.15 ppm would be sufficient to maintain adequate time and frequency accuracy after initial synchronization with minimal resource overhead. It can be reasonably expected that many small cell implementations will be able to provide accuracies that exceed this limit and hence should not have a problem with resource overhead. 
Observation: Synchronization maintenance in a small cell eNB can be maintained with minimal resource overhead for reasonable clock accuracies.
2.3. Complexity of eNBs and UEs
Complexity incurred due to initial synchronization and synchronization maintenance procedures should not add a significant degree of complexity to a small cell. However, network listening for an FDD system would require the eNB to be able to receive signals in the downlink frequency which is ordinarily not required. This can incur additional complexity in the small cell eNB. This aspect should add less complexity to a TDD eNB. If this added complexity to an FDD eNB is to be avoided, use of UE reports for synchronization may be a possibility. 
Due to the reliance on the presence of UEs in the coverage area that can reliably measure on both the macro providing coverage and the small cell, this approach is expected to exhibit the least degree of robustness among the various considered solutions. UE based schemes could lead to some large start up errors until there are UEs present in the vicinity of the small cell. Without the continued presence of UEs, there could also be timing maintenance issues. Other disadvantages to this technique include possible adverse effects on the battery life of a UE providing measurements. All of these aspects limit the viability of a UE measurement based scheme in providing synchronization capabilities for a high performance network. However, it may be used in situations where all other techniques are unavailable as a best effort possibility. For example, TDOA measurements from UEs in the eNB’s coverage triggered by a positioning request can be used to determine the timing difference between the small cell eNB and other eNBs. New specifications are not required in order to obtain such time difference reports for timing. Some communication may be required between the E-SMLC in the network and the small cell over the backhaul in order to obtain these reports although this does not affect the air interface. Such aspects may need to be investigated further. 
Observation: Complexity of eNBs and UEs could be higher in some cases due to the need for additional receivers at the eNB and/or additional measurements at the UE.
Without any changes to the physical layer, standard impacts are minimal and there should be no concern with compatibility with ongoing studies. Based on the above discussion, we propose the following.

Proposal: There is no necessity for any physical layer standardization for radio-interface based network synchronization mechanisms.
3. Conclusions
Radio-interface based network synchronization was discussed. The following was observed and proposed:

Observation: Existing reference signals in LTE can be used for radio-interface based synchronization of small cells with sufficient accuracy.

Observation: Synchronization maintenance in a small cell can be maintained with minimal resource overhead for reasonable clock accuracies.

Observation: Complexity of eNBs and UEs could be higher in some cases due to the need for additional receivers at the eNB and/or additional measurements at the UE.
Proposal: There is no necessity for any physical layer standardization for radio-interface based network synchronization mechanisms.
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