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1 Introduction

The working assumption from [1] comprises a new downlink carrier type for carrier aggregation. The details remain to be given yet a few proposals outline a carrier completely without CRS and/or PSS/SSS. The CRS serve many purposes, one of them being time- and frequency synchronization [2], and was particularly designed to provide for synchronization tracking [3]. The PSS/SSS is primarily used in the cell acquisition but may also be utilized in the time-frequency tracking. Our understanding is that other signals, e.g., CSI-RS and DMRS are not suitable for synchronization [2] and the issue is whether synchronization can be maintained without CRS and/or PSS/SSS.   
2 Impact of removing the CRS and/or PSS/SSS
A carrier without CRS and/or PSS/SSS will have impact on several areas: 

2.1 Implementation aspects
Current UE implementations can assume that synchronization could be maintained in any subframe due to the presence of the CRS. This may allow certain functions to be switched on/off in the UE transceiver on a short notice for power saving purposes. If there will not be CRS in any subframe, there may be less opportunities for such optimizations and the UE may need to spend more time for tracking.  
→ Removal of CRS and/or PSS/SSS may limit the power saving optimization in the UE. 

The cyclic prefix length is detected by the UE. Examples of such methods are detection of either the SSS or PBCH under 2 cyclic prefix length hypotheses or auto-correlation based method utilizing the repetitive structure in the received signal due to the cyclic prefix. If the PSS/SSS are not present, the UE may not perform any of the first two methods. The performance of auto-correlation based detection methods is typically much worse than those based on a known replica-signal. Hence, removing PSS/SSS may increase the complexity and the time needed to perform cyclic prefix length detection.
→ Removal of PSS/SSS may impact the complexity of the cyclic prefix length detection.
2.2 Performance requirements

The feasibility of removing CRS and/or PSS/SSS is conditioned on that the performance requirements can be met. These requirements are contained in the RAN4 specifications and include:
· Timing accuracy for RRM, i.e., Sec. 7 in [4].

· UE demodulation performance requirements and CSI reporting requirements, i.e., Sec. 8 and Sec. 9 in [5] 
There have already been discussions in RAN4 which are related to frequency tracking [6] for carrier aggregation, e.g., in particular the need for performing tracking on SCells. These investigations are related to the actual UE RX structure as well as other signal impairment models, which is outside the scope of RAN1. Since the synchronization algorithms are not specified, RAN4 would need to further discuss implementation margins and equivalent EVM modeling with regards to the requirements. Depending on assumptions and what frequency errors the UE is trying to correct, EVM impact could differ among carriers. The carrier aggregation demodulation performance may depend on how UEs are assumed to perform tracking [6]. It is thus clear that the feasibility of removing signals currently used for synchronization is not for RAN1 to conclude on, as it concerns the RF aspects, and is a discussion that only RAN4 can lead. If RAN1 finds that a candidate solution is an additional carrier type which may not comprise CRS and/or PSS/SSS as defined in Rel-10, then that should be liaised to RAN4. RAN1 may expect, for example, that if the additional carrier has a rather small bandwidth and is deployed contiguously next to the backward compatible carrier, then maybe the PSS/SSS on the backward compatible carrier is sufficient.   

→ Only RAN4 can conclude on the feasibility of removing CRS and/or PSS/SSS.
· An LS to RAN4 requesting such investigations could be considered.
If RAN4 performs such feasibility investigations and would find that CRS and PSS/SSS need to be present in some deployment scenarios, further discussion would be needed whether these signals should be allowed to be removed at all. If the CRS and/or PSS/SSS anyway need to be transmitted in some deployment scenarios, e.g., inter-band CA, the motivations for the new carrier type with regards to overhead reduction and improved HetNet functionality vanish. However, if removing CRS and/or PSS/SS in some scenarios comes with the introduction of additional signals or schemes, it would require multiple synchronization solutions which increase the implementation complexity. Hence, specification of multiple options for synchronization would need to be further substantiated, even if there might exist scenarios where it could be possible to deploy the carrier without CRS and/or PSS/SSS. 
2.3 Deployment scenarios

If acquisition channels and reference signals are removed from a carrier, we anticipate that synchronization issues may arise implying that an additional carrier type will not be applicable in some deployments, e.g., for Remote Radio Heads (RRHs) or inter-band carrier aggregation. The working assumption of [1] does not limit the applicability of the additional carrier type to any particular scenario. RAN1 specifications are agnostic to the RF aspects of carrier aggregation and should support all relevant deployment cases. It is desirable, and the common practice, that RAN1 defines the solutions for all scenarios, whereas RAN4 develops the test cases. Hence, it is not for RAN1 to by design limit the deployment scenarios for an additional carrier type. Thus, with regards to feasibility of synchronization, if a liaison statement is sent to RAN4, they may assume that there are no deployment constraints on the additional carrier type from a RAN1 perspective.
→ The additional carrier type should support all deployment scenarios, i.e., contiguous and non-contiguous intra-band CA, inter-band CA and RRH deployment.
3 Conclusions
For an additional carrier type without CRS and/or PSS/SSS, it is concluded that:  
→ Removal of CRS and/or PSS/SSS may limit the power saving optimization in the UE. 

→ Removal of PSS/SSS may impact the complexity of the cyclic prefix length detection.

→ Only RAN4 can conclude on the feasibility of removing CRS and/or PSS/SSS.

· 
An LS to RAN4 requesting such investigations could be considered.

→ The additional carrier type should support all deployment scenarios, i.e., contiguous and non-contiguous intra-band CA, inter-band CA and RRH deployment.
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