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1. Introduction

In RAN1 66bis meeting, it was agreed;
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 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.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded.
This contribution discusses the synchronization aspects for a new carrier type on
· PCI (Physical Cell ID) identification

· Frequency synchronization

· Time synchronization
· AGC (Automatic Gain Control)

· RSRP/RSRQ/pathloss measurement
2. Discussions
PCI identification
A UE shall know the PCI to generate physical signals in each cell for both DL and UL. Since the PCI for the SCell is given by RRC signaling in Rel-10 and a new carrier type is not stand-alone, the PCI by RRC can be always obtained at a UE.
Observation 1: No issue is foreseen on PCI detection for a certain new carrier.

Frequency synchronization
There is a requirement that the UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5ms) compared to the carrier frequency received from the E-UTRA Node B [1]. There are some main factors to induce frequency offset; TCXO, Doppler shift, non-linear RF devices, and so on. When the carrier frequency is 2GHz, for example, the requirement of residual frequency offset error for demodulation after error correction by AFC (Automatic Frequency Control) should be within ±200 Hz. 
In non-CA scenario, both/either SS (Synchronization Signal) and/or CRS (Cell-specific Reference Signal) can be used to measure the frequency offset error. Since there is no specified requirement for initial acquisition (power-on UE), any solution may be acceptable as long as the residual error can converge the specified residual frequency offset error regardless of their convergence times. Once the residual frequency offset error becomes stable, then the UE only needs to simply track the frequency offset since the BSs should use the very good TCXO [3].
For intra-band contiguous CA which allows a single RF front end for a UE having capability of wideband processing [2], the similar observation may be anticipated to non-CA case.
As for inter-band CA which needs separate RF front end, one example of RF front end is shown in Figure 1. Two different carrier frequencies are generated by each VCO (Voltage Controlled Oscillator). The phase by PLL is typically locked by comparing divided frequency from VCO output with TCXO, and the frequency change in TCXO can be adjusted by AFC. In principle, only one carrier frequency for a CC (e.g. PCell) is sufficient to operate AFC. However, it may be difficult for one AFC to adjust frequency offset for the all CCs. Since two CCs have different RF front end and possibly experience different Doppler shift (e.g. CA deployment scenario #4 (F1: macro, F2: RRH) and #5 (F1: macro and frequency selective repeater, F2: macro) in [4]), any known cell-specific signal would help to measure and compensate them for each CC where a further study is needed. It is noted that CP-based tracking without any cell specific signal may not be applicable not only since the estimation performance is not good under low SNR and high delay spread channel particularly under cellular based systems but also since there are a chance that some OFDM symbols may not be transmitted in specific subframe which no UE is scheduled.
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Figure 1 Example of RF front end for inter-band CA with two serving cells
Observation 2: A known signal on new carrier type can help frequency offset tracking per CC when more than one RF front ends are used.

Time synchronization

In [4], it is stated that “A UE should cope with a relative propagation delay difference up to 30 us 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 us among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 1.3 us.” With this, the UE cannot assume that the same timing for different CCs even with fully synchronous transmission between CCs and shall assume the minimum search window for other CC as at least ±31.3us. It is noted that the timing acquisition accuracy is also very important for RRM measurement since a UE must first synchronize to the neighbour cells in order to perform RSRP and RSRQ measurements.

To compare which signal is needed for timing acquisition under those assumptions, we discuss the following methods;

· CP based

· Poor accuracy due to limited used samples, differential correlations, and large delay spread channel

· CRS based

· Not good accuracy due to three-times repetitive waveforms (i.e. Poor auto-correlation property) in time domain.
· CSI-RS based

· Worst accuracy among known signal based approaches due to 12-times repetitive waveforms (i.e. Poor auto-correlation property) in time domain
· Preamble/PRS/SS based

· Good accuracy

Figure 2 shows the simulation results for acquisition timing error (in us) for 1.4MHz and 5MHz system bandwidths with CP, CRS, CSI-RS, Preamble, PRS, and SS based methods. For SS based one, both PSS and SSS were used for timing synchronization. As for preamble, all REs in a system bandwidth with one OFDM symbol and without any empty subcarrier are used for the evaluations. The detailed simulation assumptions are explained in Annex A. CP based timing acquisition does not work and CSI-RS based one also shows poor accuracy. Preamble, PRS, and SS-based approaches show the better accuracies compared to others. CRS-based method shows poorer accuracy than Preamble, PRS, and SS-based one.
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(a) 1.4MHz system bandwidth                                        (b) 5MHz system bandwidth
Figure 2 Standard deviation of timing error in us under ETU 3km/h, search window=±31.3us (cf. length of normal CP is about 4.6us)
Observation 3: A known physical signal (eg. SS, Preamble, or PRS) on a new carrier is needed to acquire timing synchronization.
AGC

Due to different propagation characteristics with different frequencies particularly in inter-band CA, different setting of AGC on different CCs is necessary. Since a UE cannot assume there is always any avaialable received signal on a new carrier, relying on received signal only for AGC setting on a new carrier seems not desirable. Therefore, a known signal could help AGC setting in UE implementations. As SS, Preamble, or PRS on a new carrier shows a good accuracy in terms of timing synchronization aforementioned, they can be also used to help AGC setting. It is further noted that the known signals should cover sufficient bandwidths for proper AGC setting considering that a part of bandwidths could suffer from deep fading.
Observation 4: A known physical signal can help AGC setting on a new carrier type.

RSRP/RSRQ/pathloss measurement

On new carrier type, CSI-RS may be used for measuring RSRP/RSRQ/pathloss. Considering that the minimum periodicity of CSI-RS and its density of one RE per PRB, it needs to further study whether the density is sufficient or not. Other known signals such as SS, Preamble or PRS can be also considered as the reference for the RSRP/RSRQ/pathloss measurements if introduced.
3. Conclusion
This contribution discussed the synchronization aspects on a new carrier type. From the discussions, our observations are;
Observation 1: No issue is forseen on PCI detection for a certain new carrier.
Observation 2: A known signal on new carrier type can help frequency offset tracking per CC when more than one RF front ends are used.
Observation 3: A known physical signal (eg. SS, Preamble, or PRS) on a new carrier is needed to acquire timing synchronization.
Observation 4: A known physical signal can help AGC setting on a new carrier type.
Therefore, based on our observations, we recommend that SS, Preamble, or PRS should be transmitted on a new carrier type to help synchronizations for a UE at least for inter-band CA and intra-band non-contiguous CA scenarios.
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Annex A. Link level simulation assumptions
The link level simulation parameters are shown in Table 1.
Table 1 Simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	1.4MHz, 5MHz

	Channel model
	ETU

	Velocity
	3km/h

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	CP type
	Normal CP

	Timing acquisition algorithm
	Differential based for CP based solution, cross-correlation based for others

	Search window
	±31.3 us

	Measurement period
	1ms (1 subframe)

	Interference
	Noise limited
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