3GPP TSG-RAN WG1 Meeting #68                                                                                R1-120289
Dresden, Germany, 6th – 10th February 2012
Source: 
ZTE

Title:                   Discussion on Synchronization on Additional Carrier Types
Agenda item:
7.2.2.1
Document for:
Discussion & Decision
1 Introduction

At RAN1 meeting #66bis, a working assumption was agreed to introduce a new carrier type in Rel-11. Objectives of additional carrier types are to introduce non-backwards compatible elements into Carrier Aggregation. Specifically, energy efficiency, flexible spectrum usage, heterogeneous network deployments and machine type communications were identified. Design principles that may help address these goals were discussed and some of these designs were discussed in further detail including CRS-less operation on the additional carrier. 
At RAN1 meeting #67, the more conclusions are given:
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.
This contribution provides evaluations of time/frequency tracking using CSI-RS and sub-band CRS, and gives proposals on RS configuration to address the above case of unsynchronized carriers of the new carrier type.
2 Discussion
Regarding the synchronized scenario, from the perspective of the UE receiver, the new carrier type and the corresponding backward compatible carrier are synchronous in time and frequency. Synchronization can be fully done through compatible carrier.
Regarding the unsynchronized scenario, the new carrier type and the corresponding backward compatible carrier are not synchronous in time and frequency. The UE receiver needs the independent time and frequency synchronization on the new carrier type. New carrier needs some mechanisms for UE to hold the synchronization. One example is configuring PSS/SSS on the new carrier type. Configuring CSI-RS on the new carrier type for time/frequency tracking is also a good alternative.

In RAN1 #67 meeting, many companies recommended CSI-RS for time/frequency tracking, meanwhile, considering its larger period, such as from 5ms to 80ms, may affect the time/frequency tracking performance, some companies recommended sub-band CRS for time/frequency tracking. Tracking signal has been discussed, e.g. CSI-RS, sub-band CRS and others. To give better view, evaluations about time/frequency tracking performance between CSI-RS based signals and CRS based signals are given here.
The patterns of CSI-RS used in evaluations are shown in Figure 1.
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Figure1: Double CSI-RS patterns for synchronization
Pattern of Double CSI-RS, as can be seen in Figure 1, is in the form of double-RE groups selected from eight illustrated RE groups in the direction of the blue lines, such as group 3 paired to group 5, and the period is configured to 5ms.
Pattern of Sub-band Double CSI-RS, mapped into the intermediate 15RBs of the corresponding system bandwidth, is similar to Double CSI-RS, and the period is also configured to 5ms.
Pattern of CSI-RS is following the Rel-10 standard, and the period is configured to 5ms.

For pattern of CRS, the estimation period is also configured to 5ms comparing to CSI-RS.
Sub-band CRS are mapped into the intermediate 15RBs of the corresponding system bandwidth. Its pattern is same as CRS and the configuration period is similar to CSI-RS.
The detailed simulation assumptions are in Annex.
Tracking performance of the five mentioned reference signals in ETU channel is demonstrated in Figure 2 and Figure 3.
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Figure 2. Time synchronization performance using CRS, CSI-RS, Double CSI-RS, Sub-band CRS and Sub-band Double CSI-RS under ETU.
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Figure 3. Frequency synchronization performance using CRS, CSI-RS, Double CSI-RS, Sub-band CRS and Sub-band Double CSI-RS under ETU.
In ETU channel, as shown in Figure 2 and Figure 3, when at a low SNR point of -8 dB, CSI-RS, compared to the other four signals, have slight worse performance in time estimation. Further, CSI-RS suffers a significant degradation for frequency synchronization. At a high SNR of 5dB, most of time estimation curves of the above-mentioned signals are converged. The frequency synchronization performance of CSI-RS still have significant gap to the other four signals.
Regarding which signal is needed for time/frequency acquisition, based on the simulation results, we provide the following observations on the above-mentioned signals:
· Sub-band CRS based

·     Assuming available system bandwidth is 50RBs, and bandwidth of Sub-band CRS is 15RBs, overhead of RS in one subframe is reduce to 120 REs comparing to the 200REs of Double CSI-RS, But the performance of time/frequency tracking is still close to Double CSI-RS and CRS. In addition, available bandwidth of Sub-band CRS, together with period, is configurable by eNB. One example: it can do interference coordination by introducing the subframe offset, for example, period of Sub-band CRS in CC1 is 5ms, and transmission of Sub-band CRS is on subframe#0 and subframe#5 when subframe offset is 0. In contrast, period of Sub-band CRS in CC2 is 5ms, and transmission of Sub-band CRS is on subframe#1 and subframe#6 when subframe offset is 1.
· CSI-RS based

·     Time/frequency tracking performance of Single CSI-RS configuration gets worse than the other four signals. 
·     With Double CSI-RS configuration, time/frequency tracking performance significantly rises close to CRS. Furthermore, it can perform interference coordination by introducing multiple sets of CSI-RS configuration.
·      Sub-band Double CSI-RS can fully meets the required performance of time/frequency tracking.

· CRS based

·     Time/frequency tracking performance of CRS is the best of all the mentioned signals, but the overhead of full CRS is high. It prevent more flexible interference coordination scheme to be introduced into new carrier.
3 Conclusion
In this contribution, we conclude the following:

We propose to Sub-band CRS based and CSI-RS based signal for timing/frequency tracking/correction. Both cases need small standard efforts. 
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5 Annex 
Table 1 simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel model
	ETU

	UE speed 
	100 km/hr 

	Initial frequency uncertainty
	+/- 500 Hz

	Initial time uncertainty window
	2.35 μs

	Measurement duty cycle
	1 subframe in every 5 ms frame

	CP type
	Normal CP

	Detector type
	Time-frequency correlator over 1 subframe
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