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Introduction
Some progress was made in RAN1#76bis regarding network synchronization by network listening. In this contribution, we provide our views on some remaining details of network synchronization by network listening.
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Discussion
In [1], the new work item on small cell enhancements – physical layer aspects was approved. In particular, the following needs to be worked on:

· Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band
In RAN1#76bis, the following was agreed:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

· Other specification impacts are FFS

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded

· Whether standard impact is needed is FFS

· PRS and/or CRS is used as the listening RS for RIBS

· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

Here let us take a closer look at the two Rel-9 approaches that enable CRS for network synchronization, especially in the context of Rel-12 small cell densification:
· MBSFN region in MBSFN subframes

· In this approach, a subframe has to be configurable as MBSFN subframes. 

· In FDD, it is relatively flexible since any subframes in {1, 2, 3, 6, 7, 8} can be configured as MBSFN subframes. 

· In TDD, however, the flexibility is very limited especially when combining with eIMTA. This is because when a cell is enabled with eIMTA operation, it is fairly likely that the TDD uplink-downlink configuration indicated in SIB1 has a large number of UL subframes, e.g., TDD configuration #0. 

· Therefore, it is very restrictive to rely on downlink subframes in SIB1 for network listening.
· Guard period in special subframes

· In this approach, a cell of a lower stratum level has to use a special subframe configuration with a large guard period (and hence small DwPTS duration) all the time, although the need of network synchronization is only sparse in time. As a result, it is quite inefficient.

· Note that this approach does not apply to FDD.

As a result, we observe:

Observations: 

· For FDD, current approach of using MBSFN subframes is a natural candidate for network synchronization
· For TDD, while both MBSFN subframes and special subframes are still possible, but in light of eIMTA, the two approaches are restrictive and/or inefficient. 

Since the need of network synchronization signal is quite sparse in time-domain, in light of the dynamic subframe configuration under eIMTA, another candidate is to utilize an uplink subframe in SIB1 of a cell for network synchronization. The cell can ensure that no UL transmissions are scheduled in this subframe. The subframe that carries the network synchronization signal can follow the MBSFN subframe structure.

Proposal:

· For TDD, considering using uplink subframes in SIB1 to carry network synchronization signals. The corresponding subframes follow the MBSFN subframe structure.

In addition, in the current MBSFN structure, CRS (port 0 and port 1) is only transmitted on 3 symbols. On the other hand, positioning reference signals have better frequency reuse and more looks both in time and frequency, and hence can be expected to improve network synchronization performance, which is necessary to address the following requirements:
· Able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.
· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells
· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band.
In addition, at least in subframes 0 and 5, PSS/SSS/CRS should be additionally transmitted to facilitate synchronization and cell identification for UEs. Since PRS and CRS are designed to occupy different OFDM symbols and have complementary patterns, it is also possible to have both PRS and CRS as the listening RS. 
Proposal: 
· Considering using PRS for network synchronization. 
· Note that CRS can be additionally supported along with PRS for the listening RS.
· At least in subframes 0 and 5, PSS/SSS/CRS should be additionally transmitted to facilitate synchronization and cell identification for UEs.
Network synchronization performance based on PRS is investigated in Section 3.
It is expected that the listening RS does not need to be transmitted frequently. As a result, the periodicity for the listening RS can be large such that these signals are only sparsely transmitted. For instance, the following periodicities can be considered:
· 640ms, 1280ms, 2560ms, 5120ms, 10240ms

Accordingly, the muting subframes should be designed based on the periodicity/subframe offsets defined for the listening RS. The muting subframe pattern can be specified based on the largest periodicity (e.g., 10240ms) defined for the listening RS.
Proposal:
· Consider the following periodicities for the listening RS: {640, 1280, 2560, 5120, 10240}ms.
· The subframe-level muting pattern can be specified based on the largest periodicity defined for the listening RS.
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Simulations 
In this section, network synchronization performance based on CRS and PRS is evaluated. Normal CP and 2 PBCH antenna ports are assumed. In the simulation, an EPA channel model with low mobility (0.01km/h) was used. There was a 0.1ppm frequency offset between the source and the receiver. One PRS subframe per measurement interval (10sec) was simulated, in which no averaging was used across multiple measurement instances. Two consecutive PRS subframes were also simulated for comparison. 
A simple time-domain correlation algorithm was employed in the simulation. Improved performance can be expected with advanced algorithms.
As can be seen, PRS-based timing performance is superior to CRS-based. At 0.5
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 timing error (i.e. [-0.25
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, 0.25
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]) with 90% confidence, CRS based on synchronization can operate at around -12dB, while PRS-based synchronization can operate below -18dB, a gain of 6dB.  For two consecutive PRS subframes, network synchronization performance is further improved. As an example, at 0.5
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 timing error with 90% confidence, PRS with two consecutive subframes can operate at -20dB, about 2dB gain over the single subframe case. Note that due to non-zero frequency offset, a simple non-coherent combining is performed across the two consecutive PRS subframes.
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(a) CRS-based
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(b) PRS-based (one subframe)
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(c) PRS-based (two consecutive PRS subframes)
Figure 3 Timing performance (one hop) of PRS. Two receive antennas, channel bandwidth 10MHz, EPA with low mobility @0.01km/h @3.5GHz, 0.1ppm receiver frequency error, timing detection window (-2us, +2us).
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Conclusions 

In this contribution, we provided our views on how to provide network synchronization by network listening. Detailed simulation results were provided. We observe that:
· For FDD, current approach of using MBSFN subframes is a natural candidate for network synchronization

· For TDD, while both MBSFN subframes and special subframes are still possible, but in light of eIMTA, the two approaches are restrictive and/or inefficient

· PRS brings to about 6dB gain over CRS for network listening
We propose that:

· For TDD, considering using uplink subframes in SIB1 to carry network synchronization signals. The corresponding subframes follow the MBSFN subframe structure.

· Considering using PRS for network synchronization
· Note that CRS can be additionally supported along with PRS for the listening RS.

· At least in subframes 0 and 5, PSS/SSS/CRS should be additionally transmitted to facilitate synchronization and cell identification for UEs.

· Consider the following periodicities for the listening RS: {640, 1280, 2560, 5120, 10240}ms.

· The subframe-level muting pattern can be specified based on the largest periodicity defined for the listening RS.
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