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1.  Introduction
In RAN#61, it has been discussed and agreed to [1]

Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters.

Radio interface-based network synchronization (RIBS) is therefore currently being considered in the SCE SI to account for cases where GPS based synchronization is not available (e.g., indoor scenarios) and IEEE 1588v2 synchronization protocol may not be sufficient due to backhaul latency. 
Furthermore, the updated SCE WID in RAN 61# includes the following aspects [1]:

· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.
The possible impacts of small cell on-off switching on RIBS have not yet been considered in detail to date. On-off switching can potentially enhance synchronization performance due to interference mitigation, but can also disrupt synchronization if critical lower-stratum source cells are turned OFF without coordination. Therefore, this contribution identifies potential issues and benefits to synchronization accuracy from small cell on-off switching. 
2.  On-Off Switching
2.1 Small cell scenarios

The synchronization stratum of a particular eNB is defined as the smallest number of hops between the target eNB (e.g., small cell) and a node (e.g., macro or small cell) with stable synchronization source, e.g., GPS source. Synchronization is possible via several hops, for example, a macro eNB with GPS source can be considered to be stratum 0, and is used for synchronization by a proximate small cell that would become stratum 1, and so forth.
The density and interference characteristics of various small cell scenarios play an important role in determining the best achievable over-the-air synchronization accuracy and required measurement time. In small cell scenarios 2a and 2b, if macro eNBs are used as stratum 0 sources then target small cells will have to utilize an additional receiver for reception at 2GHz. However, this additional complexity/cost is offset by the lack of interference from other small cells during the listening period, and only interference from adjacent macros is perceived. On the other hand, in scenario 1, both macros and small cells create interference during the listening phase of target cells.
The method of choosing a suitable source cell for synchronization can be impacted by on-off switching. In an example evaluation for scenario 2b with indoor small cells [4], assume that in each cell, only 1 small cell is of stratum 1, with the macro eNB pre-selected as the stratum 0 source. As a simplified example of the impact of on-off switching, assume that the target small cell is always the SC nearest to the macro when cells are always ON, and is the SC with the next lowest distance when on-off switching is enabled. This represents a worst-case scenario where the SCs nearest to the macro eNB are all turned off. 
Fig. 1 displays the macro-to-target SC coupling loss for the above assumptions in small cell scenario 2b with 1 single-floor building per cell, and it is seen that indiscriminate on-off switching can degrade the received signal strength at target SCs. Lower received signal strength implies degraded synchronization accuracy and the need for longer measurement periods for this hop, along with increased error propagation to subsequent hops.
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Fig. 1: Hop 1 macro-to-target SC coupling loss in small cell scenario 2b with distance-based target cell selection.

Observation 1: Uncoordinated small cell on-off switching can have an adverse impact on synchronization accuracy.

According to Case 1 of [4], “only one small cell within each cluster directly acquires the reference timing from macro layer or GPS. This small cell can be the one which has the maximum received power of macro cells, or can be randomly selected.” When only one small cell within a cluster is of stratum 1, then it is not necessarily optimal for other small cells within that cluster to always select this lower-stratum cell as a source. In Fig 2, the CDF of geometry is shown for scenario 2b with 1 single-floor building per cell, for hop 1 (macro-to-SC), and hop 2 (SC-to-SC). For the second hop, in one case all SCs always choose the stratum 1 SC (which acquired synch from macros in hop 1) with the highest RSRP as source. In the other case, target SCs choose as source the small cell from which they have the highest received power, regardless of source stratum level. It is evident that from a SINR perspective, always enforcing the selection of a lower-stratum small cell as source severely degrades synchronization performance. This trend will be repeated in other situations such as scenarios 1 and 2a as well.
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Fig. 2: SINR cdf for maximum RSRP based source cell selection in first and second hops, scenario 2b.
Proposal 1: Whether received signal power, distance, SINR, stratum level, or some combination thereof should be the criterion for synchronization source cell selection (with and without on-off switching) needs further evaluation for different hops. 

Proposal 2: Interference mitigation techniques such as on-off switching should be evaluated to enhance SINR and therefore synchronization accuracy, with priority for small cell scenario 2b and scenario 1. 

Without on-off switching, existing reference signals such as PSS/SSS, CRS, CSI-RS, and PRS may be sufficient for accurate synchronization [2]. However, there is currently no agreement on the discovery signals that will be sent by small cells in OFF state [3]. In the baseline RAN3 dormant mode, reference signals are sent for a short burst during a probing period to allow RSRP measurements by proximate UEs. In our companion contribution [5], the on-off time scales involved in the baseline dormant mode mechanism is shown to be on the order of 0.7s-2.5s, which can also impact the timing and frequency drift that occurs when synchronization is disrupted due to on-off switching.
Proposal 3: The accuracy of synchronization based on current and enhanced dormant mode discovery signals should be evaluated.

Proposal 4: The impact of source cells being switched OFF for time scales corresponding to the baseline dormant mode mechanism should be evaluated.
2.2 Impact on existing network listening mechanisms

Two schemes based on network listening for synchronization have been captured in the TR for Release-11 TDD Home eNB [6]. The first is network listening in MBSFN subframes as in Fig. 2, where the target cell stops transmitting in a subframe to perform synchronization with the source cell. This method allows multiple hops (up to 4) in the synchronization path [7]. However, with uncoordinated on-off switching, a target cell may unnecessarily configure MBSFN subframes for listening even though the intended target cell is in OFF state, thereby reducing both spectral efficiency and synchronization performance.
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Fig. 2: Network listening using MBSFN subframes [6].
Observation 2: Uncoordinated small cell on-off switching has an adverse impact on existing network listening using MBSFN subframes.
[image: image4.emf]Stratum 0 source,

TDD special 

subframe config #8

DL UL

G

P

Stratum 1 SC,

TDD special 

subframe config #1

DL UL GP

Stratum 2 SC,

TDD special 

subframe config #0

DL UL GP


Fig. 3: Network listening based on CRS tracking during GP in TDD special subframes.
The second approach is based on TDD special subframe listening as shown in Fig. 3. The target cell and the source cell utilize different special subframe configurations, with more OFDM symbols configured in DwPTS by the source cell compared to the target cell. The target cell can then utilize the GP to track common reference signal (CRS) in DwPTS of the source cell without affecting its own transmission. 
However, with uncoordinated on-off switching, if a source cell is abruptly sent into dormant mode, any associated target cells will have to first detect this change, then search for a new source cell with an appropriate special subframe configuration so that CRS tracking is possible. This has the potential of delaying synchronization procedures and reducing synchronization performance. Thus, some level of coordination wherein critical lower-stratum cells are not all turned OFF simultaneously, along with explicit indication of OFF status to target cells, may be beneficial.
Observation 3: Uncoordinated small cell on-off switching has an adverse impact on existing network listening using TDD special subframes.
Based on Observations 2 and 3, we have the following proposal

Proposal 5: Coordinated on-off switching should be adopted to minimize adverse impact on existing and new network listening mechanisms.
3.

Conclusion
In this contribution we have made the following observations,
Observation 1: Uncoordinated small cell on-off switching can have an adverse impact on radio interface-based synchronization accuracy.

Observation 2: Uncoordinated small cell on-off switching has an adverse impact on existing network listening using MBSFN subframes.
Observation 3: Uncoordinated small cell on-off switching has an adverse impact on existing network listening using TDD special subframes.
Based on our observations we propose that 

Proposal 1: Whether received signal power, distance, SINR, stratum level, or some combination thereof should be the criterion for synchronization source cell selection (with and without on-off switching) needs further evaluation for different hops.

Proposal 2: Interference mitigation techniques such as on-off switching should be evaluated to enhance SINR and therefore synchronization accuracy, with priority for small cell scenarios 2b and 1. 

Proposal 3: The accuracy of synchronization based on current and enhanced dormant mode discovery signals should be evaluated.

Proposal 4: The impact of source cells being switched OFF for time scales corresponding to the baseline dormant mode mechanism should be evaluated.

Proposal 5: Coordinated on-off switching should be adopted to minimize adverse impact on existing and new network listening mechanisms.
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