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1. Introduction
At the RAN1 #73 meeting, following agreements were reached on the radio-interface based synchronization mechanisms [1].
	Agreements:

· Synchronization for both TDD and FDD systems needs to be considered
· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline

· Send an LS to RAN3 to inquire whether current standardised support for network listening can be applied to FDD –R1-132795 – for email discussion until Friday 7th June (Peter to discuss first with Elean and propose a new starting point for the discussion). 

· In small cell SI, the study on inter-cell synchronization focuses on the following cases, with non-ideal backhaul on all interfaces
· Synchronization between a small cell and the overlaid macro cell

· Synchronization between small cells in the same cluster

· Synchronization between small cell clusters

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.


As we described in [2] in RAN1 #73, since synchronization among small cells is more important in terms of achieving a large benefit from Rel. 12 small cell enhancement (SCE), radio-interface based network synchronization should be supported, as a complement solution to GPS/IEEE1588v2. 
In this contribution, we present some more considerations on the feasibility of radio-interface based NW-synchronization.

2. Views on Currently Supported NW Listening
2.1. CRS based NW-listening
Current NW-listening is basically assumed to be done using existing RSs, e.g., CRS. Assuming that CRS is used, NW-listening works well when the number of CRS sources is low. On the other hand, when the number of CRS sources is large, interference coordination called “coordinated silence” is necessary to achieve NW-listening within a reasonable length of time. The coordinated silence mechanisms were studied in Rel. 9 for TDD HeNB and are supported in the current specification, e.g., configuring MBSFN subframes. However, small cells in Rel. 12 are assumed to be deployed more densely. Therefore, decision on which cells need to be silent and the assignment of exact silencing patterns to the cells require additional operational effort (Fig. 1).
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Figure 1 - Coordinated silence for NW-listening
Figure 2 shows the cumulative distribution function (CDF) of wideband SINR in dB between the source-cell and listening-cell. SCE scenario 2a with 10 small cells per cluster and 1 small cell cluster per macro cell is assumed. Here, one randomly selected one small cell (source-cell) in each cluster is assumed to be equipped with a GPS receiver and other small cells (listening-cells) in the cluster listen to the DL signal from the source-cell. Furthermore, X cells in each cluster are assumed not to be joining the coordinated silence. In other words, X small cells in each cluster generate interference to the surrounding listening-cells. Also, wideband SINR CDF between the macro cell and small cell is also plotted as a reference of when the macro cell is the source-cell and small cells are the listening-cells. For this curve, all macro cells are assumed to be equipped with a GPS receiver for simplicity, and hence small cells can select best RSRP macro cell as the synchronization source-cell.
Figure 2 shows that when a small cell is the source-cell, the SINR is highly affected by X, which is the number of small cells not joining the coordinated silence within each cluster. Only a single non-coordinated small cell in each cluster significantly degrades the SINR. Therefore, it can be said that at least coordinated silence is a necessity to achieve NW-listening.
However, as the figure clearly shows, even if all the small cells in each cluster join the coordination, the same SINR performance as that for macro cell listening is not achievable. Therefore, other remedies need to be considered as well as coordinated silence, e.g., a stratum configuration and/or coordination among small cell clusters.
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Figure 2 - Wideband SINR between source-cell and listening-cell
In RAN1#73, three cases were identified as inter-cell synchronization scenarios: (1) synchronization between a small cell and the overlaid macro cell, (2) synchronization between small cells in the same cluster, and (3) synchronization between small cell clusters. Among these, listening to the macro cell, i.e., case (1), would work. However, if cases (2) and (3) need to be supported, coordinated silence and a stratum configuration would be necessary. Since more densely deployed small cells create larger interference compared to Rel. 9 TDD HeNB, a larger operational effort would be required. 
Observation:
If NW-listening between small cells needs to be supported, coordinated silence and a stratum configuration would be necessary. Since more densely deployed small cells generate a higher level of interference compared to Rel. 9 TDD HeNB, a larger operational effort would be required.
2.2. Application to FDD
One thing to note here is that the NW-listening already supported in Rel. 9 targets TDD systems. The main difference between FDD and TDD in terms of timing-synchronization is that in most cases TDD co-channel cells are required to be synchronized in order to cope with UL-DL interference. Due to this TDD inter-cell synchronization requirement, it can be assumed that all the cells are globally synchronized with the same absolute standard, e.g., a GPS timing reference. Therefore, any cell successfully performing NW-listening to already synchronized cell is finally synchronized with the same synchronization source. Based on this assumption, a stratum structure of NW-listening is sufficient to construct global synchronization. In order to support this in the context of SON mechanisms, Rel. 9 specified backhaul signaling on time-synchronization information. The information element includes whether or not the cell is synchronized, and if synchronized, at what level is the cell synchronization stratum.
On the other hand, no requirement is specified for FDD co-channel cells and hence, the cells may not be synchronized at all. Therefore, even if a small cell supports NW-listening, global synchronization is not necessarily achieved. The only achievable synchronization may be local synchronization, e.g., within a small cell cluster, or within the same macro cell coverage area.

[image: image4.emf]Stratum LV=0

Stratum LV=1

Stratum LV=2

Absolute

Synchronized


(a) Absolute synchronization source is present (e.g., TDD)
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(b) Absolute synchronization source is not present (e.g., FDD)

Figure 3 - Synchronization stratum for TDD and FDD systems
For global synchronization systems such as TDD, there is no lack of information on time synchronization information element specified in [3]. However, for local synchronization systems, it is not certain that the information is sufficient. Therefore, even if this backhaul signaling is reused in Rel. 12 radio-interface based NW-synchronization mechanisms, whether or not the current backhaul signaling is sufficient for FDD should be revisited.
Observation:

Feasibility of currently specified backhaul signaling for FDD may not be clear. However, any enhancement is up to RAN3; we should wait for RAN3 LS reply.
3. Proposal on Radio-Interface Based NW Synchronization for SCE
3.1. NW-listening

CRS interference among densely deployed small cells is a crucial problem in Rel. 12. In order to solve this pilot-pollution issue, the following studies are ongoing.
· Enhanced small cell discovery

· Small cell on/off

· New carrier type (reduced CRS)

As we describe in our companion paper [4], we believe that the discovery signal is essential for efficient small cell operation in Rel. 12. The expected features of the discovery signal would be quite useful for NW-listening. If the discovery signal is synchronously and orthogonally transmitted among small cells, the interference issue identified in CRS would be solved without small cell silencing, which requires additional operational effort on small cell deployment. If the discovery signal is densely transmitted within a short duration to support UE RSRP measurement, NW-listening can also be completed within a short duration by utilizing this feature. For NCT, a reduced CRS was agreed. The reduced CRS is transmitted every 5ms in conjunction with PSS/SSS. Because of this constraint, small cell silencing using MBSFN sub-frames would not work for NCT. On the other hand, if the discovery signal is introduced for NCT, it can be used for NW-listening.
Observation:

Ongoing studies for enhanced small cell discovery, small cell on/off, and NCT are closely related to the NW-listening mechanisms for Rel. 12 SCE
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Figure 4 – NW-listening using discovery signal synchronously and orthogonally transmitted by small cells
Based on the above observation, we propose the following.
Proposal:

NW-listening mechanisms should be studied in the WI phase in the context of small cell discovery, small cell on/off, and/or NCT.
3.2. UE-assisted NW-synchronization

UE-assisted NW-synchronization was proposed in RAN1#73 [5]. If the UE can inform the NW of the synchronization status between two cells, the timing difference can be adjusted based on the informed synchronization status. For example, the following options can be considered.
Option 1:
UE measures the timing difference based on DL signal and reports it to the serving cell
Option 2:
eNB measures the timing difference between UEs using the PRACH/SRS
Between these two options, option 1 seems more reasonable from an accuracy perspective. However, option 1 would require additional effort by the UE regarding measurement of the timing difference and reporting that information. In order to alleviate the UE effort in terms of measurement, the discovery signal can be used [4]. Therefore, the same observation can be made as in Section 3.1.
Observation:

Ongoing studies for enhanced small cell discovery, small cell on/off, and NCT are closely related to the UE-assisted NW-synchronization mechanisms for Rel. 12 SCE.
Based on the above observation, we propose the following.
Proposal:

UE-assisted NW-synchronization mechanisms should be studied in the WI phase in the context of small cell discovery, small cell on/off, and/or NCT.
4. Conclusion

In this contribution, we presented our views on radio-interface based network synchronization mechanisms. Our observations and proposals are given below.
Observations:

· If NW-listening between small cells needs to be supported, coordinated silence and a stratum configuration are necessary. Since more densely deployed small cells generate a higher level of interference compared to Rel. 9 TDD HeNB, a larger operational effort would be required.
· Feasibility of currently specified backhaul signaling for FDD may not be clear. However, any enhancement is up to RAN3; we should wait for RAN3 LS reply.
· Ongoing studies for enhanced small cell discovery, small cell on/off, and NCT are closely related to the NW listening and/or UE-assisted NW-synchronization mechanisms for Rel. 12 SCE.
Proposals:

· NW-listening mechanisms and/or UE-assisted NW-synchronization should be studied in the WI phase in the context of small cell discovery, small cell on/off, and/or NCT,
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