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1
Introduction
Working assumption from RAN1#66bis is to introduce at least one new carrier type (in the context of carrier aggregation) in Rel-11 with at least reduced or eliminated legacy control signaling and/or CRS. In this document we address the aspects related to reference signals and synchronization for the new carrier type. 
2
Discussion
In legacy systems, CRS is utilized for time and frequency tracking, channel estimation for CSI feedback and demodulation, and RRM measurements. While being a part of those important functionalities, CRS also imposes overhead in system operation. The question of interest for the design of the new carrier type in the context of carrier aggregation is whether the mentioned functionalities can be executed without CRS or with reduced CRS, and at the same time much of the established Rel-10 techniques (e.g. channel estimation, frequency tracking) and signals (e.g. PSS/SSS) reused. 
In the sections below we address the CRS impact to frequency tracking, channel estimation for CSI feedback and demodulation, and RRM measurements. The impact is investigated with respect to the Rel-10 frequency synchronisation and estimation procedures. 
2.1
Frequency Tracking
PSS/SSS may be used to increase pull-in range of tracking loop using CRS. If we want to use only PSS/SSS for frequency tracking loop, we need to consider its impact on system performance.
 PSS/SSS have the following characteristics:
· They are transmitted once per 5ms and use two OFDM symbols in the center 6 RB

· Total 62*2=124 tones per 5ms

· PSS sequences are similar to ZC sequence
· It has been shown during Rel-8 standardization that those sequences have time/frequency ambiguity 
· SSS sequences are not symmetric in time domain (i.e. subsequent occurrences are not simple signal repetitions)
· This makes it harder to use simpler frequency estimator (differential based)  for frequency estimation 

·  There are three PSS sequences defined in the specification

· For synchronized systems when PSS collides with PSS from different cells, due to inter-eNB frequency error, using PSS for frequency error will lead to relatively large residual frequency error
· If different cells use the same PSS sequence (SFN effects).
In summary, for systems requiring smaller residual frequency error and smaller variance, using PSS/SSS for frequency tracking is not a preferred approach due to:
· Small  update rate using PSS/SSS, that is at most once per 5ms

· Limited number of tones that limits effective SNR for frequency tracking loop

· This implies larger variance or slower response to larger frequency change

· SFN effects of using the same PSS sequence from different cells that introduce larger residual frequency error.  

Based on the above arguments, we conclude that using only Rel-10 PSS/SSS for frequency tracking may lead to unacceptable system performance loss. 
2.1.1
Simulation Results

The results in Figure 1 show frequency error mean and variance when PSS/SSS is used for tracking. Simulation assumptions include AWGN channel and 10ms update rate. As can be seen from the results, using only Rel-10 PSS/SSS for frequency tracking can result in large variance and hence large system performance loss. Also note that variance is a function of the update rate (as the update period is increased, the variance is reduced), but in a fading channel the update rate can not be increased by much.
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Figure 1: Frequency tracking error mean and variance
2.2
Measurements
In legacy operation, CRS is used for measurements for CSI feedback. Even for transmission mode 9, which assumes transmission of CSI-RS, CRS is needed as it is utilized for noise/interference (Nt) estimation.

As mentioned before, RRM measurements are based on CRS. However, for this specific purpose, somewhat reduced CRS could be considered. 
Note then in [1], RAN1 has concluded that by reducing the number of CRS antenna ports, and by following the CRS pattern corresponding to the maximum MBSFN pattern, close to optimum energy savings can be achieved. Based on this agreement, we can conclude that as long as the CRS density is reduced similar to that allowed by the maximum MBSFN configuration, sufficient overhead reduction could be achieved, while the existing measurement procedures could be reused.  
3
Conclusions 

In this document, we considered the CRS impact to frequency tracking, channel estimation and measurements. 
Based on the discussion, we concluded that at least for frequency tracking, channel estimation, and RRM measurements CRS presence on the new carrier type is needed if Rel-10 signals and procedures are to be reused. Hence, we propose the following:

· CRS is present on the new carrier type

· Reducing the CRS on the new carrier type is FFS.
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