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1 Introduction
In RAN1#66bis a working assumption was made to introduce an additional carrier type for Rel-11. In RAN1#67 it was agreed that, in the design of the new carrier type, support shall be provided for operation in both synchronized carrier and unsynchronized carrier cases. In this contribution we provide a brief outline of our views on reference and synchronization signal structure in the new carrier type.
2 Discussion

2.1 Reference Signals for Demodulation

In Rel8/9/10 backwards compatible carriers, control signalling (PDCCH) can be demodulated using CRS, and Data (PDSCH) signalling can be demodulated using CRS or DM-RS. One of the primary motivations for introducing additional carrier types is to allow aggregation of spectrum that is either difficult to use or not usable with a Rel 8/9/10 based DL transmission structure where wideband CRS is transmitted in every subframe. Given this, it seems reasonable that only DM-RS based demodulation of control and data is supported on the additional carrier type. If support for CRS based control and data reception is needed on a carrier, such a carrier can be deployed as a legacy carrier. 
2.2 Reference Signals for Measurements

Possible UE measurements on the new carrier type can be broadly classified into three categories – 
· CSI (CQI/PMI/RI) measurements
In Rel 10, these measurements are performed using CRS and CSI-RS antenna ports and are mainly used for PDSCH scheduling (frequency-selective scheduling, precoding, rank and MCS determination) and determining PDCCH transmission format (i.e., CCE aggregation level). For the new carrier type in Rel-11, given the need to support DM-RS based control and data reception, CSI measurements can be based on CSI-RS (including REs possibly configured for interference measurement). Since CSI measurements are used for scheduling, a UE usually needs to measure multiple CSI-RS antenna ports and provide frequent measurement reports (e.g. CSI reporting once every 10 subframes or more frequently).
· RSRP/RSRQ measurements
In Rel-10, these measurements are performed on CRS antenna ports R0 and (optionally) R1. The measurements are mainly used for mobility (idle and connected mode) and carrier management (i.e., carrier addition/removal and carrier activation/deactivation decisions). For the new carrier type, RSRP/RSRQ measurements are primarily required for carrier management since mobility can be handled using measurements on the legacy carrier associated with the new carrier type. The following RS options can be considered for RSRP/RSRQ measurements:
1. Alt 1: R0 (i.e. CRS port 0) transmitted using the same transmission structure in Rel-10 not occupying the same number of symbols in each subframe (i.e., full bandwidth, 4 symbols in subframes 0,4,5,9 (for FDD) and at least 1 symbol in remaining subframes).

2. Alt2: R0 transmitted with reduced periodicity (e.g. only in the first symbol of the first subframe of every radio frame)
a. Alt 2-1: R0 transmitted with reduced periodicity and with reduced bandwidth (e.g. only in the first symbol of the first subframe of every radio frame and only on center 6 RBs of the new carrier type)

3. Alt3: CSI-RS configured separately for RSRP/RSRQ measurements (e.g. R15 transmitted in the first subframe of every radio frame)
a. Alt 3-1: One port CSI-RS configured separately for RSRP/RSRQ measurements with reduced bandwidth (e.g., only center 6 RBs of the new carrier type) 

The RS densitities (ratio of number of RS REs to total number of REs in a radioframe) for the above options are summarized on Table 1.
Table 1 – Measurement RS Density for new carrier type
	
	Alt 1

	Alt 2 
	Alt 3

	RS-Density
	2.49%
	0.11%
	0.11%


Configuration information related to Alt 2 or Alt 3 (e.g. periodicity and subframe offset of R0 transmissions for Alt 2, CSI-RS configuration information for Alt 3) can be sent on the legacy carrier associated to the new carrier type using UE-specific RRC signaling. 

Current RSRP/RSRQ measurement accuracy requirements defined in RAN4 are based on Alt 1. Alt 2 and Alt 3 provide a slight improvement in spectral efficiency and energy savings. However, the impact of Alt 2 and Alt 3 on measurement accuracy/latency needs to be studied further. 
· OTDOA measurements
Baseline assumption should be that OTDOA measurements are only performed on the legacy carrier associated with the new carrier type. The need for OTDOA related measurements on the new carrier type can be studied further. 
2.3 Synchronisation Signals 

In Rel-8/9/10 backward compatible carriers, PSS/SSS are used for initial timing and frequency acquisition and cell discovery/identification. Time tracking with improved precision is made possible by the availability of wideband CRS. Further, CRS can also be used to re-establish time synchronization when the UE accesses a carrier after a long period of inactivity. For example, when an Scell is deactivated for a long duration (e.g., a few seconds) and re-activated in subframe n, a Rel-10 UE will be able to receive data on the Scell from subframe n+8 by reacquiring timing using CRS in subframes n to n+8. 

 In CA, the maximum allowed time difference between two aggregated carriers is 31.3us [1]. Since the new carrier type is always aggregated with a legacy carrier, and the UE is synchronized with the legacy carrier by the time it is configured to access the new carrier, the subframe timing of the new carrier type should be known to the UE within a 31.3us uncertainty window. The legacy carrier can signal a cell identifier and/or an RS configuration (i.e., information of the RS and sequence pattern) of the new carrier type to the UE based on which it can synchronise and start reporting (if requested) RSRP/RSRQ measurements to the network. If the UE is expected to blindly discover cells of the new carrier type on a particular frequency layer then PSS/SSS may be useful to assist low complexity cell identification. However, blind discovery of cells is primarily needed in the context of mobility and that can be handled in the legacy carrier frequency layer. 
Therefore, the RS that is used for measurements (i.e., Alt 1/Alt 2/Alt 3 based RS described in the previous section) can also be used to achieve synchronization to the new carrier type and there seems to be no need for separate synchronization signals (e.g PSS/SSS). However, the ability of the RS design based on Alt 2 or Alt 3 to support time tracking and reacquisition to meet Rel-10 accuracy and latency requirements needs further study. For example, if the periodicity of RS transmissions based on Alt 2 or Alt 3 is >8ms then it may not be possible to activate the new carrier within the Rel-10 latency requirements.  

3 Conclusions

Based on the discussion in this document, we propose that at least the following reference signals are present on the new carrier type:
· DMRS

· CSI-RS 

Need for the following signals is for further study depending on time/frequency (re-)acquisition, tracking and latency requirements for the new carrier type:
· CRS R0 either transmitted in every subframe or with reduced periodicity (e.g. only in the first symbol of the first subframe of every radio frame)

· PSS/SSS (possibly with reduced periodicity)
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