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1. Introduction

In RAN1#66bis and RAN1#67 meetings, the followings have been agreed on the additional carrier type for Rel-11 LTE [1][2].

	[RAN1#66bis] 

Working assumptions from RAN1#66bis:

· 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.
[RAN1#67]

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.


As quoted above, RAN1 decided to support unsynchronized carriers as well as synchronized carriers as the deployment scenarios of extension carrier in Rel-11. In this paper, we discuss the synchronization aspects of the extension carrier which is not synchronized with other associated backward compatible carriers and we make suggestions on the basic reference signals for the synchronization and RRM measurements of extension carrier.
2. Reference signals for synchronization of extension carrier
2.1. Reference for frequency/time synchronization

In frequency domain, Rel-10 UE should maintain UE modulated carrier frequency within ±0.1 PPM observed over a period of one time slot (0.5ms) compared to the carrier frequency received from the eNB [3], which results in a requirement to the residual frequency offset error at the UE receiver within ±200 Hz assuming 2GHz carrier frequency. This requirement on the frequency synchronization may have to be kept for Rel-11 UEs for extension carrier as well.
In time domain, Rel-10 UE should maintain transmission timing within ±Te sec (Te = 24*TS for 1.4 MHz DL BW and Te = 12*TS for larger DL BWs) compared with the first detected path [4]. This requirement on the timing synchronization may have to be kept for Rel-11 UEs for extension carrier as well. Rel-10 UE should also cope with a delay spread of up to 31.3 us among the component carriers monitored at the receiver [4]. It seems that Rel-11 UE may have to support a delay spread larger than 31.3 us since multiple TA is introduced in Rel-11 considering diverse distribution of propagation delay among the component carriers, where it is unclear yet how much delay spread should be taken care of in Rel-11.
Synchronization Signal (SS)
As already being used from Rel-8, synchronization signal is a good reference for both frequency and time synchronization. The dense density of SS in frequency domain is suitable for both frequency and time synchronization and the sequences are well designed to fit the time synchronization, where SS shows best performance in time synchronization compared to the other signals such as CRS, CSI-RS, etc as shown in our previous contribution [5]

On the other hand, relying only on the Rel-10 SS for the frequency/time synchronization may not be an efficient way. Rel-10 SS is transmitted only on the center 6 RBs of a DL carrier, which may suffer from frequency selective deep fading, and which may not be suitable for the frequency synchronization over wider BW. Moreover, transmission of SS on the fixed subframes (subframe #0 and subframe #5) with a fixed periodicity (5ms) may not be suitable to support diverse deployment scenarios of extension carrier. 
CSI-RS

CSI-RS was introduced mainly for DL CSI measurements in Rel-10. However, CSI-RS can be used in the DL frequency/time synchronization since it is a known signal to the UE. Especially, CSI-RS can be used in frequency synchronization over a system bandwidth since CSI-RS can be transmitted over the whole bandwidth of a carrier. On the other hands, sparse density of CSI-RS in frequency domain may not be enough for satisfying the required accuracy of frequency/time domain synchronizations.
CRS

CRS may be a good reference for frequency/time synchronization since its density in both frequency and time domain is relatively good compared with CSI-RS and it can be transmitted over the whole bandwidth of a carrier while SS is transmitted through only center 6 RBs. However, considering the fact that one of the main purpose of introducing extension carrier is to reduce the overheads of reference signals and control channels, it is not desirable to rely on Rel-10 CRS for the synchronization of extension carrier, which may result in introducing CRS as an essential signal of extension carrier again.

Considering the discussions above, we recommend to use both SS and CSI-RS as the basic reference for frequency/time synchronization of unsynchronized extension carrier so that UE can use SS and CSI-RS as compensation for each other in frequency/time synchronization.

 Proposal 1: use both SS and CSI-RS as the basic reference for frequency/time synchronization of unsynchronized extension carrier.

While SS can be a main reference for the time/frequency synchronization due to its well-designed sequences and dense density in frequency domain, relying on Rel-10 SS structure (without CRS) may be inefficient because of the following reasons.

· Rel-10 SS is transmitted only on the center 6 RBs, which is vulnerable to the frequency selective fading.

· While Rel-10 SS is transmitted by fixed 5 ms period, smaller period may be necessary to support high speed UEs and/or larger period can be sufficient for a, e.g. femto cell targeting to low mobility UEs.
Moreover, SS may not be necessary for an extension carrier synchronized with a backward compatible carrier since time/frequency synchronization of that extension carrier can be achieved by the associated carrier. Therefore, we recommend considering some level of configurability of absence/presence of SS and frequency/time allocation of SS to support more flexibility in utilizing SS as the main reference signal in diverse scenarios.
 Proposal 2: consider configurability of SS on absence/presence and frequency/time allocation in an extension carrier.

2.2. Reference for RRM measurements

Since we consider SS and CSI-RS as the basic reference for the frequency/time synchronization, it is desirable to support RRM measurements (such as RSRP, RSRQ and pathloss measurements) by the same signals without introducing additional signal types. Among those two types of signals, CSI-RS could be considered as the basic reference since it is transmitted over the whole system bandwidth so that variation of the radio channel response and the variation of the interference over the large system bandwidth can be averaged out. On the other hand, sparse density of CSI-RS over frequency domain may not provide enough accuracy for the measurements. In some scenarios such as small system bandwidth, SS may provide better accuracy for the measurements. Therefore, we recommend considering both CSI-RS and SS as the basic reference for RRM measurements for extension carrier.
Proposal 3: consider both CSI-RS and SS as the basic reference for RRM measurements for extension carrier.

3. Summary
In this paper, we discussed the candidate reference signals for the frequency/time synchronization and RRM measurements of extension carrier in Rel-11. The proposals in this paper are summarized as follows.
Proposal 1: use both SS and CSI-RS as the basic reference for frequency/time synchronization of unsynchronized extension carrier.

Proposal 2: consider configurability of SS on absence/presence and frequency/time allocation in an extension carrier.

Proposal 3: consider both CSI-RS and SS as the basic reference for RRM measurements for extension carrier.
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