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1. Introduction
The work item description agreed in RAN #62 states the following priorities for radio-interface based synchronization [1]:
· 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
During the study item on small cell enhancements, evaluations of a network based listening solution were conducted based on evaluation assumptions agreed in [2]. The evaluation assumptions focused on small cell scenario 2b since this was considered to be the most challenging case. 
In this document, we discuss what needs to be done to achieve the goals stated in the WID based on the evaluations conducted during the study item phase and propose a way forward for radio-interface based synchronization. 
2. Discussion
2.1. Macros and Picos as Synchronization Sources

The evaluations conducted during the study item phase assumed that at least one small cell in the cluster had the ability to obtain synchronization via GNSS or via the macro network. It has been shown in the evaluations that when the macro network can be used for synchronization, it is easily feasible to maintain synchronization based on existing LTE reference signals [3]. The SINR observed when receiving signals from a macro cell at any small cell is always better than -5 dB when the PSS/SSS is used for synchronization. When the PRS are used for synchronization, the SINR is always better than 4 dB.

If the macro network cannot be used for synchronization by all small cells, then small cells may have to listen to other small cells. This may be necessitated by the lack of an additional receiver in the small cell allowing it to receive signals from a macro cell. The SINR observed in this case was far lower than that for synchronizing to macros (up to -28 dB). Existing coordinated muting methods, as already described in [4], were shown to significantly improve SINR and enable radio-interface based synchronization of the small cell layer. Additionally, the PRS was also identified as a good candidate to use as a reference signal for synchronization due to its higher reuse and ability to improve SINR. However, the SINR observed when receiving signals from another small cell is still significantly lower than what can be achieved when synchronizing to macro cells (lower than -10 dB with coordinated muting).
It should be noted that the SINR when synchronizing to other small cells is improved when more than one small cell in the cluster has GNSS capability [3] and the assumption that there is only one small cell that has this capability in a cluster is a worst case assumption.

Observation: Due to the better SINR profile when using macro cells, the macro cell network should always be used for small cell synchronization whenever possible.

2.2. Enabling Use of Macros for Synchronization
We now discuss further the case where the macro cell layer or GNSS can be used by the small cell layer for synchronization by only some small cells in the cluster. In our view, this situation is not a high priority to optimize for. Some possible motivations that constrain synchronization capabilities in this manner are addressed below. 

The first motivation could be that all small cells in a cluster don’t have an additional receiver that can operate in the band used by the macro layer. We note that for the situations where GNSS coverage and backhaul based synchronization methods are not available, the additional complexity to include a receiver for the macro band is not prohibitive. Deploying a small cell with such an additional receiver capable of synchronizing to macro cells would be a far more robust option than forcing the small cell to obtain synchronization from other small cells at SINRs that are much lower. 

A second motivation could be that the macro cell layer is not synchronized and at least one small cell in the cluster has GNSS capability which can be used to provide a time reference. However, we note that even in this situation, it would be much more robust to allow the small cells to use the macro cell layer to which the SINR is much better. It is important to recognize that the macro cell network can be used for frequency synchronization even when the macro cells are not time synchronized since the macro network is always required to be frequency synchronized. 
Observation: The macro cell can always be used for frequency synchronization even when signals from small cells are used for time synchronization. 

In order to manage the possibility that different small cells in the same cluster may synchronize to different macro cells that are not mutually time synchronized, the macro cells to be used for synchronization by the small cells can be indicated via signaling. This can allow small cells within a cluster to all synchronize to the same macro cell. In cases, where synchronization to different macro cells is necessary, timing offsets specific to each macro cell can be signaled to the small cell so that the small cell can obtain synchronization from the macro cell with the highest received SINR and then apply the offset to derive its own transmit timing. Such macro-cell specific offsets can be measured by the small cells that have GNSS capability and distributed to other small cells without such capability. This can allow each small cell to use the macro cell with the highest SINR for synchronization even though the macro layer may itself not be synchronized. An example of this is shown in Figure 1 where the distribution of the offsets can be achieved either via a centralized node or by direct signaling between the small cells.
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Figure 1: Computation and signaling of macro cell specific offsets to enable use of macros for synchronization.

Determination of macro-cell specific offsets from measurements by small cells can be used even when there are no GNSS capable small cells in the system by using the timing of one of the macros (or some constant offset from this) as a reference timing to replace the GNSS reference. Measurements of timing offsets for different pairs of macro cells by various small cells can be used to compute an appropriate timing offset for each macro cell. A small cell can then use this macro cell as a reference and apply the offset specific to it to obtain timing synchronization at the small cell layer. 
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Figure 2: Computation of macro cell specific offsets when no small cells have GNSS capability

An example of this is illustrated in Figure 2 where each of the small cells can only receive signals above a minimum SINR threshold from some of the small cells. Small cell eNB 1 can compute an offset (R2-R1) between macro eNB1 and macro eNB 2. Another small cell, e.g., small cell eNB 4 computes offsets between macro eNB2 and macro eNB 3 (R3-R2). When these offsets are signaled either to a centralized node or to each other, the two offsets can be combined to compute the offset between macro eNB 3 and macro eNB 1. Thus, offsets for all macro eNBs relative to a single macro eNB (e.g., macro eNB 1) can be computed. Either the timing of this macro or some timing relative to this macro can be used as the reference timing. All small cells can then obtain timing synchronization with each other by using the macro cell with the highest SINR and applying the offset corresponding to that macro cell to its timing. The capability of both of the above methods to allow computation of macro cell specific offsets for all macro cells was evaluated in [3] and it was found that offsets could be computed for all macro cells.
It should be noted that offsets as computed by either of the methods above can be adjusted and used to manage differing propagation delays between the cluster and the different macro cells used for synchronization. The offsets can be distributed to other small cells either directly or via a central node such as the MME using S1 signaling as is already defined for some parameters. Therefore, we observe that there are simple options available to allow the small cells to use the macro cell layer for synchronization thus providing the use of cells with better SINR and improving the hearability of existing signals.
Observation: The macro cell network can be used for synchronization by small cells with the use of macro cell specific offsets even when the macro cell network itself is not synchronized. These offsets can be generated by small cell measurements with or without GNSS capable small cells in a cluster.

2.3. Inter-operator TDD Deployment in the Same Band
The WID specifies that a solution for this case should be provided. Before we consider solutions for this case, it is important to understand the context of this scenario. If multiple operators deploy small cells in the same band they would most likely be in different channels within the same band. If the channels are adjacent, synchronization between the operators can allow minimization of the guard band needed. This is the main benefit of synchronization. 
It is important to note that even if the small cells for the two operators were perfectly synchronized, the two operators would still have to co-ordinate to ensure that both the systems use the same DL-UL ratio. Otherwise, there would be significant interference between the DL of one system and UL of the other and the whole purpose of synchronization is defeated. This sort of co-ordination is already necessary for macro cell deployments. Given that some kind of coordination is required, it is therefore a simple step for the two operators to also agree on a common timing GNSS reference that they should adhere to. With such an agreement, each operator can ensure that small cells in their network can meet that timing reference using their own macro networks as described above. Even if synchronization to other small cells is necessary, small cells of one operator can listen to the other operator’s small cells if necessary, knowing that those are also synchronized to the same timing reference. 
It should also be noted that synchronization measurements are done on reference symbols that have a much larger processing gain than regular data transmissions. Hence, synchronization measurements will likely not be affected by unsynchronized adjacent channel interference from another operator’s small cells to the same extent. This allows each operator to synchronize their network independently and muting techniques need not be coordinated between operators. Finally, even if such rules for coordinated muting are necessary, they can easily be co-ordinated between operators. For instance, a simple rule such as the subframe in which a small cell with a certain stratum level mutes its transmissions can be agreed upon between operators.
Observation: The simplest and most robust way to handle inter-operator TDD deployments in the same band is an agreement on a common timing reference between the operators.
3. Solutions and Proposal
Based on the discussion in this contribution, we may summarize the applicable scenarios and solutions as in Table 1 and turn to the specific tasks outlined in the WID and how these goals may be achieved.
	Solutions for synchronization
	Macros and Picos on same frequency
	Macros and Picos on different frequencies

	Macro network synchronized
	Picos sync to macros
	1) Picos sync to macros
2) Picos sync to other picos if there is no capability to listen to macros – More picos with GNSS coverage and/or muting can improve performance

	Macro network unsynchronized
	No pico layer synchronization necessary since interference from macros are dominant
	1) Picos sync to macros with macro cell specific offsets calculated by picos or central node

2) Picos sync to other picos if there is no capability to listen to macros – More picos with GNSS coverage and/or muting can improve performance


Table 1: Solution summary

The first item is support for multiple stratum levels beyond 3 hops, e.g. 4 to 6 hops. The current specifications already provide a field for the stratum level and extension of this can be handled in the RAN3 working group. 
The second item is to 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. The techniques described in the previous section on enabling the use of the macro network in most cases significantly improve the hearability of existing RSs. When the small cell does not have an additional receiver and must rely on synchronizing to other small cells, existing muting mechanisms, as already described in [4], have been shown to provide significant SINR improvements. Both the signaling techniques that enable use of macro cells as well as any signaling required to enable muting techniques are best handled by RAN3 as extensions of the signaling that has already been defined by them.
The third set of items stated by the WID is applicability to small cell on/off, eIMTA and inter-operator TDD deployments in the same band. Small cell on/off is only an issue when small cells are using other small cells for synchronization. As discussed above, this is not necessary, and hence small cells on/off poses no problems. Even if small cells need to listen to other small cells, small cell on/off is being defined along with a discovery signal that will most likely be defined to appear with some periodicity even when the cell is off. This signal can be used for the purpose of synchronization. Similarly, eIMTA always has at least one full DL subframe defined which can be used for synchronization in the case that small cells have to listen to other small cells. One may note that small cell on/off can be used advantageously here by a small cell to turn its transmissions off and listen to the DL subframes of other cells. Finally, as discussed in the previous section, inter-operator TDD deployments are best handled by extending the co-ordination between operators that is already necessary to also include an agreement on a common timing reference.
We thus observe that each of the tasks outlined in the WID and the goal of facilitating radio-interface based synchronization does not require any work in RAN1.
Observation: All desired enhancements for the purposes of radio-interface based synchronization need extensions of signaling that has already been defined by RAN3.
We therefore propose that any enhancements or improvements related to radio-interface based synchronization should be handled in RAN3.

Proposal:  Send an LS to RAN3

· Informing them of the need to extend signaling of multiple stratum levels from 3 hops to 6 hops.
· Requesting the extension of current signaling to include measured timing offsets for a cell relative to a GNSS reference time or to the timing of another cell. 
4. Conclusions
Based on the discussion in the contribution, the following was observed.

Observation: Due to the better SINR profile when using macro cells, the macro cell network should always be used for small cell synchronization whenever possible.

Observation: The macro cell can always be used for frequency synchronization even when signals from small cells are used for time synchronization.

Observation: The macro cell network can be used for synchronization by small cells with the use of macro cell specific offsets even when the macro cell network itself is not synchronized. These offsets can be generated by small cell measurements with or without GNSS capable small cells in a cluster.

Observation: The simplest and most robust way to handle inter-operator TDD deployments in the same band is an agreement on a common timing reference between the operators.

Observation: All desired enhancements for the purposes of radio-interface based synchronization need extensions of signaling that has already been defined by RAN3.
Based on the above observations, we propose the following.
Proposal:  Send an LS to RAN3

· Informing them of the need to extend signaling for multiple stratum levels from 3 hops to 6 hops.
· Requesting the extension of current signaling to include measured timing offsets for a cell relative to a GNSS reference time or to the timing of another cell.
5. References

[1] RP-132073, “New WI proposal: Small cell enhancements - Physical layer aspects”, Huawei, CATR, HiSilicon
[2] R1-134966, “Evaluation Assumptions for RIBS”, Huawei, HiSilicon, CATR, CATT and CMCC.

[3] R1-135666, “Evaluation of Radio-Interface Based Small Cell Synchronization”, Ericsson

[4] 3GPP TR 36.922, “TDD Home eNode B (HeNB) Radio Frequency Requirements Analysis (Release 11)
[image: image3.png](2)) («g) (2)) («g)

Macro eNB 1 MacroeNB2  Macro eNB 3 Macro eNB 4

5&&bd s

Small celleNB 1 Small cell eNB 2 Small cell eNB 3 Small cell eNB 4 Small cell eNB 5 Small cell eNB 6

R2-R1 R2-R1 R2-R1 R3R2 RA4-R3 RA-R3.
R3-R1 R4-R2



