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Introduction
In RAN-1 #66bis meeting, the following working assumptions have been made regarding a WI on introducing at least one new carrier type in Rel-11.
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 synchronisation/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.

The main motivation in introducing a new carrier type has been identified as – a) enhanced spectral efficiency, b) improved support for Het Net, and c) energy efficiency. In subsequent RAN-1 #67 meeting, the following decision regarding the support for both synchronized and unsynchronized carrier type has been made
In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):
· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.
· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).
Note that synchronization is considered from the perspective of the UE receiver.
In this contribution, we provide our views on the frequency and timing synchronization aspects of the new carrier type.
Discussion
In RAN-1 #67 meeting, several companies [1]-[4] provided their views on the frequency and timing synchronization aspects of the new carrier types. Based on these discussions, the following potential scenarios can be identified for the new carrier type
· Geographically co-located PCell (backward compatible) and SCell (new carrier type) :
· Intra-band contiguous CA - single RF front end at UE
· Inter-band noncontiguous CA - separate RF front end for each carrier at UE
· Geographically separated PCell (backward compatible) and SCell (new carrier type) :
· Intra-band contiguous CA - single RF front end at UE
· Inter-band noncontiguous CA - separate RF front end for each carrier at UE
At UE, the frequency and time synchronization is performed in the following two separate stages

· Initial coarse estimation of frequency (integer multiple of subcarrier spacing ∆f) and time (Subframe and Frame synchronization)
· Fine frequency and time tracking
In general, in the legacy PCell, the initial estimation coarse frequency/timing estimation is performed by using PSS/SSS signaling and the fine frequency/time tracking is performed using CRS signaling. In case, when the PCell and SCell are geographically co-located and Intra-band contiguous CA are employed, SCell can leverage the frequency / timing synchronization information obtained from PCell. Therefore, at least for synchronization purposes, SCell may not require additional reference signals (RS). However, for the other three scenarios identified above, where the PCell and SCell are geographically separated and/or inter-band non-contiguous CA is employed, the legacy carrier and the new carrier type will potentially experience different Doppler shift. The new carrier type may not be synchronized with the legacy carrier, therefore, needs its own synchronization. The discussion in the rest of this contribution focuses on unsynchronized carriers, where the time and frequency synchronization is needed.

Frequency Synchronization
No specific implementation margin requirement has been defined for frequency offset among component carriers between transmitted carrier frequency at eNB and received demodulated carrier frequency at UE. The frequency synchronization requirement for the new carrier type can be further evaluated by RAN-4 in order to decide a proper implementation margin for these offsets. 
Observation: From RAN-1 perspective, the effect of new carrier type on frequency synchronization from different proposed solutions should be evaluated and compared to the legacy carrier frequency offset performance with the expectation of comparable performance from acceptable solution.

Since the overhead associated with PSS/SSS are very small compare to the CRS, it seems reasonable to keep the PSS/SSS in the new carrier type unless alternative solution has been proven to maintain the initial coarse frequency estimation performance and with the potential of assisting fine frequency tracking if applicable.  In the new carrier type, DM-RS will be used for channel estimation instead of CRS. However, CRS is used for fine frequency tracking synchronization and measurement purposes for legacy carrier. Based on the decision in RAN1 #66bis and #67 (as described in Section 1), special considerations should be given on enhancing spectral efficiency in the design of new carrier types. Due to the large overhead associated with CRS, it is desirable to find alternatives to CRS for synchronization and measurement purposes. There have been different proposals with potential candidate solutions [1-4]. The following two Rel-10 RS signals are analyzed and can be potential candidates for fine frequency tracking 
· PSS / SSS
· CSI-RS
In Figure 1 (a) and 1(b), we provide simulation results on the performance of frequency tracking using the above mentioned Rel-10 signaling. The simulation assumptions are provided in Table 2. We consider 4 different RS signaling schemes – a) CRS, b) PSS/SSS, c) CSI-RS, and d) a combination of CSI-RS and PSS/SSS. Even though the time symbol position of PSS/SSS is fixed, the position of CSI-RS can be configured. In our simulation, the CSI reference signal configuration 4 is used with CSI-RS periodicity set to 5ms. In such case PSS and SSS are transmitted in symbol position 7 and 6, respectively; whereas CSI-RS is transmitted in symbol position 13 and 14 for FDD transmission. 
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Figure 1 Frequency offset estimation performance using different RS schemes. 1(a) shows instantaneous frequency offset estimation results using RSs . 1(b) provides moving averaging results using 8 sets of corresponding RSs.

As illustrated by the simulation results shown in Figure 1, the CRS based frequency tracking outperforms all other three options. The joint PSS/SSS and CSI-RS based method performs closer to the CRS based method although still with noticeable performance degradation. However, the performance of PSS/SSS or CSI-RS alone shows significant degradation compared to the CRS based method. 
The maximum frequency offset that can be tracked using a particular signaling scheme depends on the density and periodicity of the signal. In general, the detectable frequency offset range is proportional to  1/(2T), where T is the distance between the RS symbols used in offset calculation. It can be straightforwardly observed that using CSI-RS from two consecutive subframes (5ms apart) may not provide enough range of frequency error tracking. Similar conclusion can be drawn when using PSS/SSS only for frequency tracking due to the sparse PSS/SS available in time. Instead of using Rel-10 specific PSS/SSS or CSI-RS alone for frequency tracking, the joint transmission of PSS/SSS and CSI-RS in the same subframe is evaluated. However, due to the sparse nature of PSS/SSS and CSI-RS compare to the CRS, the tracking/convergence time might be an issue for high speed channels. In Figure 1(b), the moving average results of 8 instants are provided, i.e., 8ms for CRS and 40 ms (8 x 5ms) for joint CSI-RS and PSS/SSS based scheme.
To further quantify the impact of frequency error, simulation results of the block error rate (BLER) performance using different frequency tracking methods are provided in Figure 2. The simulation setting is described in Table 2. As illustrated in the Figure 2, the performance degradation by using joint PSS/SSS and CSI-RS based frequency tracking is insignificant compared to perfect synchronization. On the other hand, the performance of PSS/SSS or CSI-RS based frequency tracking shows significant performance degradation.  The performance comparison between different frequency offset tracking methods are summarized in Table 1.
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Figure 2 BLER performance of different frequency offset estimation method.
The performance comparison between different frequency offset tracking methods are summarized in Table 1. 
Table 1 Performance comparison between different Frequency tracking methods

	Carrier Tracking Method
	Performance degradation at 10% BLER (compare to the perfect synchronization) in dB
	Performance degradation at 1% BLER (compare to the perfect synchronization) in dB

	Joint PSS/SSS and CSI-RS
	0.07
	0.10

	PSS/SSS
	0.80
	1.20

	CSI-RS
	0.90
	0.80


Based on the above simulation results, analysis and discussions, the following are observed for for the new carrier type :
(a)  From RAN-1 perspective, the effect of new carrier type on frequency synchronization from different proposed solutions should be evaluated and compared to the legacy carrier frequency offset performance with the expectation of comparable performance from acceptable solution.
(b) The performance of CSI-RS or PSS/SSS based frequency tracking based on Rel-10 specification is not comparable to CRS based schemes.
(c) The performance of joint CSI-RS and PSS/SSS based frequency tracking is comparable to CRS based schemes on the scenarios we investigated. 
(d) For synchronization of new carrier types, CRS may be reduced or replaced with the CSI-RS or PSS/SSS. The following options of different density and/or periodicity of these signals need further study:
· CSI-RS with reduced periodicity.

· Modified version of joint PSS/SSS and CSI-RS based estimation. 

· Modified reduced CRS transmission.
Timing Synchronization
The UE needs to perform timing synchronization in the new carrier type when PCell and SCell experience different relative propagation delay. In [6], implementation margin for timing offset in case of inter-band non-contiguous carriers has been defined as 

“A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 31.3 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 s.”
Timing offset estimation at UE can be divided into coarse estimation and fine time tracking. In the legacy carrier, initial coarse timing estimation can be performed using PSS/SSS RSs. In [1], simulation results for the initial coarse timing estimation based on different RSs are provided. The results from [1] showed the PSS/SSS based initial coarse timing offset estimation performs better than CSI-RS and CRS based techniques. However, the following analysis is focused on fine time tracking of the residual timing offset after the coarse estimation is completed.
Once the initial coarse estimation is completed, the residual timing error is typically within the range of cyclic prefix (CP) for UE to perform fine tracking. In the simulation, time offset of half CP length (2.35 s) is assumed. In Figure 3, we provide simulation results for fine time tracking using - a) CRS, b) CSI-RS, c) PSS/SSS, and d) joint PSS/SSS and CSI-RS using one subframe.  The scheme of using PSS/SSS with CSI-RS outperforms the CRS in most range of analysis. 
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Figure 3, Timing offset estimation performance using different RS schemes using 1 subframe.
	
	

	
	


 Summary and Conclusions
In this contribution, we have provided our analysis and simulation results on the frequency and timing synchronization aspects of the additional carrier type. Based on the provided analysis, the followings are observed:
1. From RAN-1 perspective, the effect of new carrier type on frequency synchronization from different proposed solutions should be evaluated and compared to the legacy carrier frequency offset performance with the expectation of comparable performance from acceptable solution.
2. The performance of CSI-RS or PSS/SSS based frequency tracking based on Rel-10 specification is not comparable to CRS based schemes.

3. The performance of joint CSI-RS and PSS/SSS based frequency tracking is comparable to CRS based schemes on the scenarios we investigated. 

4. For synchronization of new carrier types, CRS may be reduced or replaced with the CSI-RS or PSS/SSS. The following options of different density and/or periodicity of these signals need further study:
· CSI-RS with reduced periodicity.

· Modified version of joint PSS/SSS and CSI-RS based estimation. 

· Modified reduced CRS transmission.

Appendix
Table 2 Simulation Settings

	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	10MHz

	Channel Model
	EVA

	Vehicular Speed
	100 km/hr

	Frequency Offset for Figure 1(a) and 1(b)
	500 Hz

	Time Offset for Figure 3
	2.35 s

	CP Type
	Normal

	Antenna Setup
	1 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	Frequency / Timing offset estimation algorithm
	Correlation based

	For BLER Calculation :
	

	            Modulation
	QPSK

	            Information payload bits
	1384

	            Coding Rate
	1/10
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