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1. Introduction
The need to support a 10MHz minimum bandwidth capability on a single 20MHz eNB carrier frequency or layer can sometimes be seen as in conflict with the need to preserve simple and efficient initial cell search and cell measurement procedures. Indeed, the impact of supporting 10MHz devices in 20MHz eNB carrier frequency bandwidths is not isolated to the domain of synchronization. For example, the design of L1/L2 signalling structures (both downlink and uplink) also impacted.
Nevertheless, if such combinations of eNB and UE capabilities must be supported, 3GPP TSG RAN1#46 made some progress, at least from the synchronization perspective, by adopting the following (summarised) working assumptions concerning synchronization channel (SCH) design for 20MHz deployments:
1. 1.25 MHz BW SCH’s are transmitted in the center of the left/right 10 MHz useful band as well as in the center of the 20 MHz transmission band…
2. the three SCH’s need not necessarily be transmitted at the same time...
3. the SCH in the center of the 20 MHz band is used in initial cell search for all UE’s and is intended for neighbour cell search for 20 MHz capability UE’s…
4. the SCH’s in the center of the left/right 10 MHz band are intended for neighbour cell search for 10 MHz capability UE’s.
As noted in [1]-[3], however, the resulting structure creates some additional challenges for the UE. Specifically:
1. due to the 15kHz sub-carrier separation, locating the SCH at the center of the 20MHz transmission band on a 200kHz carrier raster frequency location implies that the companion left/right SCH’s (to be transmitted at the center of the respective 10MHz sub-bands) will not be located on the sub-carrier locations established by the center SCH,
2. the UE could initially identify and synchronize with either the left or the right SCH, rather than the desired center SCH.
These issues need to be validated in order to establish that the approach can be fully specified without burdening the UE with further added complexity.
2. Discussion
For the purposes of supporting a simple and efficient initial cell search, the most straightforward approach may be to simply specify that only the centre SCH need be positioned on a 200 kHz carrier raster location. Nevertheless, previous contributions (e.g. [4]) on initial cell search have been offered showing robust performance in the presence of initial open loop frequency errors equal to or greater than ±5ppm (±10kHz at 2GHz), which suggests – given the 15kHz sub-carrier separation – that UE’s may incorrectly detect the left/right SCH channels as the centre SCH channel unless those channels are appropriately differentiated. In order to keep the UE’s task as simple as possible, only the centre SCH could be provisioned with a primary synchronization channel (P-SCH), thereby preventing, UE’s from detecting the left/right SCH’s during initial cell search.

If the centre SCH is configured as the only means of delivering the P-SCH, the location in frequency of the left/right SCH’s can be specified relative to the centre SCH, perhaps most conveniently in units of sub-carriers. Since the left/right SCH’s are transmitted by the same eNB and are therefore fully time- and frequency synchronous (at the source), 10MHz’s UE can frequency-translate to the left/right SCH without further processing. Presumably, any time-staggering of the centre and left/right SCH structures can also be included into the UE’s translation.
Ideally, to minimise complexity at the UE, the magnitude of the frequency translation would simply be specified on a static basis. But, if the working assumption SCH structure is to be extended to e.g. 15MHz carriers, then the amount of frequency translation could be specified on a semi-static basis. For example, via a minimum capacity or primitive BCH coincident with the centre SCH, with 20MHz UE’s reading one or both of fully-specified BCH’s associated with the left/right SCH’s. 
Other-cell measurements would be supported by indicating, via e.g. the S-SCH index, the cell ID of co-layer measurements. A simple illustration of the resulting scenario appears in Figure 1.
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Figure 1 – Example synchronization scenario – 10/20MHz.
3. Conclusions

Provisioning of any synchronization and control structures to support heterogeneous eNB and UE bandwidth capabilities needs to be kept as simple as possible in order to avoid creating a potentially confusing specification, and to minimise any additional processing burden on the UE. This contribution suggests an approach to meet that objective, by simply re-arranging some of the existing building blocks available from cell search and measurement work in the homogeneous bandwidth case.
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