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Introduction
In RAN-1 #66bis meeting, a WI on introducing at least one new carrier type in Rel-11 has been made with the goal of reduced/eliminated legacy control signaling and/or CRS. 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 support for both synchronized and unsynchronized carrier type has been made in the design of new carrier type.
In the RAN-1#68 meeting, further discussion on acquisition/synchronization/tracking and reference signals for the non-synchronized new carriers were held. The following working assumptions were agreed for the non-synchronized new carriers:
· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done

In the email discussion [1] following the RAN-1#68 meeting, it was agreed to perform further evaluation for the – (1) CRS-based solution, and (2) CSI-RS based solution with a reduced bandwidth and/or a different periodicity from what is defined in Rel-8/9/10. The purpose of the evaluation is to study the performance of different options and configurations which can provide sufficient time/frequency synchronization performance. In this contribution, we provide our views on the reference signal design for the non-synchronized new carrier type.
Discussion
When designing the RS for the new carrier type, the impacts on the following factors needs to be considered and will be discussed in the subsequent sections: 
· Synchronization/ tracking of frequency and timing offset
· RSRP/RSRQ feedback
· CSI feedback 
· Transmission modes and fallback support
· Impact on product design

· UE Energy Saving & Battery Life

Synchronization/tracking of frequency and timing offset
At UE, a typical frequency and time synchronization method can be performed in the following two stages

· Initial coarse estimation of frequency (integer multiple of subcarrier spacing ∆f) and time (Subframe and Frame synchronization)

· Fine frequency and time tracking

Given the working assumption of the presence of PSS/SSS sequence, we assume that initial coarse frequency and time estimation will be performed based on the PSS/SSS sequence. 
For fine tracking of frequency and time, the synchronization is based on the availability and configurations of CRS and/or CSI-RS. The following different combination of CRS and CSI-RS can be considered: 
· Availability of only CSI-RS: In our previous contribution [2], it has been shown that Rel-10 based CSI-RS alone is not sufficient for fine tracking of time and frequency. However, CSI-RS together with PSS/SSS can be used for fine frequency and time tracking.
· Availability of only CRS: Rel-8 based legacy CRS can provide good frequency and time tracking performance with the drawbacks of high associated overhead. To reduce the CRS overhead, the following three combinations can be considered :
· Down-sampling  in frequency (i.e., reduced CRS BW) : down-sampling in frequency can be based on 
· Centralized down-sampling (e.g. only keep the central 6 or more PRBs)

· Distributed down-sampling (e.g. by using a pre-defined hopping pattern or by using pre-defined groups of contiguous PRBs distributed across the entire bandwidth)

· Down-sampling in time (i.e., increased CRS periodicity): down-sampling in time can be based on 
· Directly down-sampling in time by using increased CRS periodicity. 
· In-directly down-sampling in time, e.g. by using MBSFN subframe. Similar to the FDD baseline configuration mentioned in [1], the existing MBSFN mode can be used to reduce the CRS overhead. In this configuration, up to 6 subframes in a frame can be configured for MBSFN transmission to reduce the CRS density in time without changing the specifications.
· Down-sampling in both time and frequency (reduced CRS BW and increased CRS periodicity) 

In our companion contribution [3], we have provided simulation results for all these three options. All three options provide performance better than the FDD baseline option provided in [1] and may be considered, although down-sampling in time seems provide a good performance and overhead trade-off. 
· Availability of both CSI-RS and CRS: The availability of reduced CRS (in BW, periodicity or both) or the Rel-10 based CSI-RS accompanied by PSS/SSS are sufficient to provide time / frequency tracking. Therefore, from frequency/time tracking purpose, the availability of both CSI-RS and CRS are not necessary. However, implications on the availability of both CSI-RS and CRS on the other aspects of new carrier type design are discussed in the following sections.
Observation #1: Different CRS overhead reduction schemes can be considered for frequency/time tracking purpose.

RSRP/ RSRQ measurement
The current RAN4 RSRP/RSRQ measurement tests [4] assume using the CRS from a minimum of central 6 RBs. Maximum allowed measurement bandwidth is configured by RRC signaling for 6, 15, 25, 50, 75 and 100 resource blocks in [5]. It is left for implementation to take advantage of the CRS in additional PRBs. RSRP/RSRQ measurement degradation due to using only 6 central PRBs measurements bandwidth are observed for CRS based measurements especially for low frequency selective fading channels with low mobility. As shown in Figure 1, using only the central 6RBs based measurement can lead to a large deviation in measurement accuracy. Other benefits of using wider measurement bandwidth have been discussed in [6][7]. 
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Figure 1 RSRP measurement using central 6PRBs
From RSRP/RSRQ measurement perspective, the RS design considerations on new carrier type are summarized below:
· Reduced CRS transmission : 

· Down-sampling in frequency: Since at least central 6PRBs are used for CRS transmission, the down-sampling of CRS in frequency will meet the minimum measurement requirement defined in RAN 4. However, as described above, this may not always provide sufficient accuracy. RSRP/RSRQ measurement over larger bandwidth is preferable. If down-sampling in frequency is adopted for new carrier type design, a distributed down-sampling over broader or entire frequency BW may be desirable for better RSRP/RSRQ measurement accuracy. 
· Down-sampling in time: Since the measurement is typically averaged over longer period of time, the down-sampling in time is expected to have less impact on the RSRP/RSRQ measurement accuracy. Down-sampling in time may provide better RSRP/RSRQ performance over down-sampling in frequency, since larger BW can be utilized for measurement.
· CSI-RS based RSRP/RSRQ measurement: Since only CRS based RSRP/RSRQ measurement has currently been defined in the specification, the CSI-RS based RSRP/RSRQ measurement needs to be defined if the CRS is removed from the new carrier type. In this case, further study for CSI-RS based RSRP/RSRQ measurement is required along with the CoMP related CSI-RS based measurement currently been discussed under Rel-11 CoMP WI.
Observation #2: From RSRP/RSRQ measurement perspective, using more CRS in distributed frequency may provide better measurement accuracy.

CSI feedback
The CRS is used for CSI (wideband and subband CQI, PMI and RI) feedback calculation including noise/interference variance calculation for transmission modes (TM) 1-8 and TM9 when RI/PMI is not configured. For TM9 when RI/PMI is configured, CRS is still needed for noise/interference variance calculation. Unless CSI-RS muting based noise/interference variance calculation is defined in Rel-11, the removal or down-sampling of CRS in frequency may impact subband CSI calculation. On the other hand, down-sampling CRS in time can also have non-neglecable impact on eICIC because UE may not be able to measure interference for a given subframe subset. In this case it would be beneficial to define CSI-RS muting pattern with minimum periodicity of 1ms to allow UE to be able to measure noise/interference regardless how the subframe subsets are signaled. If we can assume CSI-RS muting based noise/interference variance calculation is defined in Rel-11, down-sampling in time is preferable over down-sampling in frequency from CSI feedback perspective because TM1-8 can be implemented with small changes especially when subband CQI is needed. If down-sampling in frequency is adopted, distributed or hopping based down-sampling in frequency is preferable in order to obtain better subband CSI measurement.
CSI-RS is essential to calculate CSI feedback, especially for feedback measurement of up to 8 layers. CSI-RS should be supported for new carrier type, preferably in the same manner with a unified design as in the backwards compatible carrier.

Observation #3: From CSI feedback perspective, down-sampling CRS in time is preferred especially considering support of legacy TMs. If CSI-RS muting based noise/interference variance calculation is defined in Rel. 11, 1 ms periodicity maybe needed in order to allow UE to be able to measure noise/interference no matter how eNB configures the subframe subsets.
Transmission modes and fallback support
Transmission modes 7, 8 and 9 are based on DMRS for data demodulation and can be supported in new carrier type. DMRS based transmit diversity is currently not supported. The removal or down-sampling of CRS from the new carrier type will have impact on the fallback transmit diversity mode support. Down-sampling CRS in frequency or in time, may preserved some RBs with CRS for limited fall-back support. Another option is to fall back to single layer transmission similarly as MBSFN subframe in Rel. 10. Further study and modification (including potential new transmission mode for new carrier types) is needed in order to support the fallback transmission for transmission mode 7,8 and 9. If new transmission mode needs to be defined for the new carrier type, it’s better to define a TM which is compatible with TM3 to support open loop from rank 1 to rank 8.
Observation #4: Whether to fallback to CRS based transmit diversity or UERS based single layer transmission needs to be discussed further. If new transmission mode needs to be defined for NCT, it’s better to define a TM which is compatible with TM3 to support open loop from rank 1 to rank 8.
Impact on product design
Most of the existing LTE systems (eNBs and UEs) are implemented with the assumption of full-band CRS availability. The reuse of design modules for CRS down-sampling in time is expected to be more straight-forward (RSRP/RSRQ, CSI calculation, etc) compared to down-sampling in frequency from product implementation perspective. 
UE Energy Saving & Battery Life

Down-sampling CRS in time may allow UE to switch on/off certain functions in the UE transceiver when there is no CRS in certain subframes, there may be opportunities for power saving optimizations.

Summary and Conclusions
A summary of the above discussions on the reference signal design for new carrier type is provided in the table below

	
	CRS down-sampled in frequency
	CRS down-sampled in time

	Frequency and timing synchronization
	+
	+

	RSRP/RSRQ feedback
	-
	+

	CSI feedback
	-*
	+*

	Fallback transmission mode support 
	To be studied further
	To be studied further

	Impact on product design
	-
	+

	UE Energy Saving & Battery Life
	-
	+


*:  May need distributed down-sampling for subband CSI feedback or CSI-RS muting based noise/interference variance calculation.
Based on the above analysis and summary, we propose:

· Different CRS overhead reduction schemes can be considered for frequency/time tracking purpose.

· Down-sampling CRS in time is preferred, especially when subband CQI is needed. 

· If down-sampling CRS in frequency is adopted, distributed down-sampling in frequency can be considered for better of RSRP/RSRQ measure and subband CSI feedback performance.
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