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1 Introduction

At the RAN1#66bis meeting, some open issues related to supporting additional carrier types were discussed, such as synchronization, reference signals, control signaling, etc. Several working assumptions were agreed as follows [1]:
	Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 
Working assumptions:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronization/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.


In this contribution, we focus on the abovementioned open issues from synchronization aspects, including initial time/frequency synchronization and time/frequency tracking. We also discuss the measurement aspects in [2].
2 Discussion
In LTE system, coarse time/frequency synchronization is achieved based on the PSS/SSS, which occupy 1.25 MHz central carrier bandwidth in frequency domain, and are transmitted every 5 ms in time domain. On the other hand, fine time/frequency synchronization, namely time and frequency tracking, is obtained with the aid of CRS transmitted in every TTI. With the introduction of new carrier type, proper mechanism should be designed for achieving time and frequency synchronization, while at the same time provides improved support for HetNet, as well as enhanced spectral and energy efficiency [1].
Currently, there are five potential solutions to the synchronization issues for new carrier type, including both coarse and fine synchronization:
· Option 1: Solutions using CRS solely or together with PSS/SSS on new carrier types;

· Option 2: Solutions using legacy PSS/SSS on new carrier types;
· Option 3: Solutions using CRS and PSS/SSS on the associated backward compatible carrier;
· Option 4: Solutions using CSI-RS on new carrier types;
· Option 5: Solutions using new synchronization signals or enhanced legacy signals.
In the following sections, we will discuss the abovementioned candidates in details.
2.1 Option 1: CRS solely or together with PSS/SSS on new carrier types
In this option, the timing and frequency synchronization can be achieved by using CRS solely or together with PSS/SSS on new type carriers. It has the similar or same performance as Rel-8 for time/frequency tracking with the least impact to the specification.
However, the promising benefits of introducing new carrier types, such as improved support for HetNet, enhanced spectral efficiency and energy efficiency, may not necessarily be attainable by Option 1. Even with the density-reduced CRS, such as one port CRS, the overhead is still considered to be too high (around 5%) and the resultant ICI cannot be avoided. Particularly, the presence of CRS is not favourable from downlink CoMP’s perspective, as the interference between CRS and PDSCH transmission degrades system throughput. Therefore, Option 1 is not preferred.
Proposal 1: Solutions using CRS solely or together with PSS/SSS on new carrier types are not preferred.
2.2 Option 2: Legacy PSS/SSS on new carrier types
In [3], it is suggested that legacy PSS/SSS can be reused for new carrier types to achieve time/frequency synchronization including both initial synchronization and time/frequency tracking. Obviously, for initial synchronization there will be little performance difference in comparison to Rel-8/9/10, no matter the CA deployment is inter-band or intra-band.
Moreover, since the PSS/SSS signals are dense signals in frequency domain, the performance of time tracking based on PSS/SSS is expected to satisfy LTE timing requirements. However, since PSS/SSS occur only every 5 ms, thus for the frequency tracking the time domain density of PSS/SSS is much lower than CRS, which occurs in each subframe. Hence, the performance of frequency tracking based on PSS/SSS is possibly limited [3]. Nonetheless, if Option 2 is applied, PSS/SSS must be present on new carrier types, the interference on PSS/SSS from neighbouring cells in HetNet can not be avoided, which result in same ICIC issue as in legacy systems.
Proposal 2: Solutions using legacy PSS/SSS on new carrier types can be a candidate, though potential enhancements need to be considered for tackling frequency tracking performance degradation as well as ICIC issues.

2.3 Option 3: CRS and PSS/SSS on associated backward compatible carrier
If Option 3 is viable, the transmission of PSS/SSS and CRS can be removed from new carrier types. In other words, the UE is supposed to achieve synchronization to additional carrier types with the aid of associated backward compatible carrier, where PSS/SSS is used to help coarse synchronization and CRS to help time/frequency tracking as in legacy systems.
Although Option 3 may obtain higher spectral efficiency and eliminate the interference inflicted by CRS and PSS/SSS on victim cells, however, the problem is that it is only applicable for the intra-band CA scenario, where the new carrier is co-located with, and thus accurately synchronized in time and frequency to the backward compatible carrier.
Obviously, since the existence of notable difference of DL transmission delay due to different carrier frequencies (e.g. inter-band CA) or different propagation channels due to different geographic locations (e.g. CA Scenario 4), the UE cannot synchronize with new carrier type by only using PSS/SSS and CRS in the associated backward compatible carrier. Such restrictions will seriously constrain the applicability of Option 3.

Proposal 3: Solutions using CRS and PSS/SSS on the associated backward compatible carrier can be left to implementation, and other solutions applicable to both inter and intra band CA deployments can be investigated.
2.4 Option 4: CSI-RS on new carrier types
Similar to Option 3, in this option it is no need to transmit CRS and PSS/SSS on new carrier types.
Nonetheless, the key issue of Option 4 is whether the synchronization performance can satisfy the 3GPP requirements. According to TS 36.211 [4], the minimal period of CSI-RS is 5 ms, while the density of CSI-RS in frequency domain in the case of 1 or 2 ports is only 180 kHz, which is lower than that of CRS. Consequently, the synchronization performance based on CSI-RS may be limited. However, with some potential enhancements to CSI-RS, such as multiple non-zero-power CSI-RS which will be supported in Rel-11 [5], the synchronization performance is expected to be improved.
Proposal 4: Solutions using CSI-RS on new carrier types should be a candidate and potential enhancements is FFS.
2.5 Option 5: New synchronization signals or enhanced legacy signals
Besides the solution based on existing signals for synchronization, it is also possible to introduce new synchronization signals or enhancement to legacy signals for new carrier types, with the intention to guarantee the synchronization performance and avoid the open issues. However, the new designs require more standardization efforts than other options.
Proposal 5: Solutions using new synchronization signals or enhanced legacy signals cannot be precluded and are FFS.
Finally, we summarize all the aforementioned solutions in Table 1:
Table 1: Potential solutions to synchronization issues for new carrier types.
	Solutions
	Advantages
	Disadvantages
	Recommendation

	Option 1
	· Time and frequency synchronization performance meet LTE requirements
· small standardization efforts
	· CRS must be transmitted
· Not favourable from downlink CoMP’s perspective
	· Not preferred

	Option 2
	· Eliminate the interference from CRS

· Time synchronization performance meets LTE timing requirements
	· ICIC issues exist in HetNet

· Frequency synchronization performance may be impacted
	· Candidate solution

	Option 3
	· Higher spectral efficiency

· Less interference in HetNet

· Improve energy efficiency
	· Synchronization cannot be done for inter-band CA deployment and CA scenario 4

· Too many restrictions for applicability
	· Not preferred as the only solution

	Option 4
	· Absence of PSS/SSS and CRS (i.e. increased SE)
	· Frequency synchronization performance may be impacted
	· Candidate slution

	Option 5
	· Tradeoff between the synchronization performance and overhead/motivation
	· High standardization efforts

	· FFS


3 Conclusion

In this contribution, we have discussed possible solutions to synchronization issues for new carrier types. Detailed analysis was provided with our recommendations. We propose the following:
Proposal 1: Solutions using CRS solely or together with PSS/SSS on new carrier types are not preferred.
Proposal 2: Solutions using legacy PSS/SSS on new carrier types can be a candidate, though potential enhancements need to be considered for tackling frequency tracking performance degradation as well as ICIC issues.

Proposal 3: Solutions using CRS and PSS/SSS on the associated backward compatible carrier can be left to implementation, and other solutions applicable to both inter and intra band CA deployments can be investigated.

Proposal 4: Solutions using CSI-RS on new carrier types should be a candidate and potential enhancements is FFS.

Proposal 5: Solutions using new synchronization signals or enhanced legacy signals cannot be precluded and are FFS.
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