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1
Introduction
Starting from Release 10, the LTE downlink is becoming more and more based on CSI-RS and DM-RS, and even the discussion on actually removing CRS completely is already ongoing in relation to additional carrier types. Given that originally CSI-RS were designed solely for CSI feedback and even optimized for medium-to-high SINR, it seems necessary to ensure that CSI-RS provide robust enough support for all the functions they will be needed for in Release 11 and in the future. In this contribution we discuss increasing CSI-RS density.

2
Discussion
In Release 11, in addition to providing CSI feedback for single-point PDSCH transmissions, CSI-RS will need to support following: 
· CSI feedback at low SINR, e.g. for purposes of CoMP and ePDCCH: In case of CoMP, the UE will need to measure CSI-RS that are received with significantly lower power than cell (point) edge transmissions from own cell (point). Sufficient RS energy should be ensured. Such UEs would also benefit from closed-loop precoding and frequency-selective scheduling that could be used to improve the cell edge UE performance. In fact it would be rather unfortunate if frequency-selective scheduling can not be applied to improve cell edge performance due to insufficient CSI-RS density. In Appendix A we have provided results on ePDCCH performance with frequency-selective scheduling. Increasing CSI-RS density would provide healthy 1-1.5 dB coverage gains for ePDCCH when frequency-selective scheduling is applied.
· CSI-RS –based RRM measurements: RRM measurements, such as RSRP measurements, may only require estimation of received signal power and as such should be rather simple. However the main problems arise from the fact that the measurement should produce only the useful signal power as a result, i.e. excluding noise and interference power. The algorithms that attempt to measure received useful signal power while averaging out noise and interference power still need to be able to follow the frequency variations of the radio channel. As shown in [1], RSRP measurement performance is limited by the frequency density rather than total transmitted RS energy: 1 RE CSI-RS causes an additional measurement bias while 2 RE CSI-RS is in fact capable of achieving CRS performance since the frequency density per port is the same.
· Interference measurements: While the exact reference to be used for interference measurements is still open, it has been shown [2] that 2 RE CSI-RS density would provide sufficient performance considering also the 2 dB SINR granularity for which the current CQI table has been designed.
· Time and frequency synchronization: Our current view is that CRS should remain on additional carrier types for time/frequency tracking since they are known to provide robust performance and even the performance requirements could be reused [3]. However if RAN1 would agree on removing CRS, clearly the CSI-RS density would have to be increased to enable robust enough time and frequency tracking. A similar proposal was already made in [4].
Furthermore, CoMP WID states the following as one objective:
· “Specification in support of DL CoMP operation potentially including: 

· Enhancements and requirements on downlink reference signals 

· …
· consider performance requirements for flexible mapping of antenna ports to transmission points”
From UE perspective, this may mean for example that the UE can not use CRS for estimating the channel statistics needed for CSI-RS channel estimation filters (e.g. channel time/frequency correlation, SNR). It is far from clear that this is feasible with current CSI-RS density.
It is emphasized that the above-listed functions constitute essentially all functions, excluding demodulation, for which CRS were originally designed in Release 8. If the UE is required to do all these functions based on current CSI-RS, the density of the RS available drops significantly compared to earlier releases. For example in a typical case of two transmit antennas, the density drops from 16 CRS REs to 2 CSI-RS REs. 
Observations:

· In Release 11 and beyond, CSI-RS will need to support also other system functions beyond simple single-point CSI feedback.
· Current CSI-RS lack the required capability properly to track fast fading in frequency-selective channels.
· Either performance is sacrificed, or UE may need to implement complex algorithms to compensate for the lack of sufficient CSI-RS density.
3
Details of increased density CSI-RS
In the past design of RS has required quite significant efforts. Luckily, the work on increased density CSI-RS patterns was essentially done already during Release 10 when 1 RE/PRB/port and 2RE/PRB/port patterns were discussed. At that point it was seen as one important criterion to be able to reuse the CRS channel estimation filters which are designed for a frequency spacing of 6 REs. Hence, the most straightforward way to increase the density is to reuse the CSI-RS RE locations and simply extend the existing patterns with another pair of REs spaced 6 REs apart. Hence basically the only CSI-RS parameter requiring modifications is resourceConfig while the other parameters, e.g. subframeConfig, do not require changes. Also scrambling sequence initialization agreed for Release 11 can be directly used – length of the sequence has to be doubled. Zero-power CSI-RS do not necessarily require any changes.
Accordingly, examples of patterns for normal and extended CP for FDD are shown in Figure 1 and Figure 2, respectively.
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Figure 1. Example patterns for normal CP with 2 RE/port/PRB.
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Figure 2. Example patterns for extended CP with 2 RE/port/PRB.
Observation: 

-
Specification impact of increased density CSI-RS is limited to specifying the exact patterns within current CSI-RS resources.

4
Conclusions

Based on the discussion and simulation results, we have the following proposal:

Proposal:

· Increase CSI-RS density to 2 RE / port / PRB in Release 11.

References

[1] R1-120378, “CoMP set management”, Renesas Mobile Europe Ltd. 
[2] R1-120377, “Additional results on CoMP interference estimation”, Renesas Mobile Europe Ltd.

[3] R1-120371, “Further discussions on new carrier type in LTE Rel-11 CA”, Renesas Mobile Europe Ltd.

[4] R1-113676, “Further details on synchronization and measurements for additional carrier type”, Ericsson, ST-Ericsson

Appendix A – Simulation results on ePDCCH performance with frequency-selective scheduling
The BLER performance of ePDCCH was studied through link-level simulations. The ePDCCH resource allocation is of localized type and the block of ePDCCH PRBs is frequency scheduled to the system band without search space restrictions. Feedback delay and periodicity have been taken into account. More detailed simulation assumptions are listed in Table 1.
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Figure 3. Performance of ePDCCH with wideband closed-loop precoding and frequency-selective scheduling. 2 RE CSI-RS provides 1-1.5 dB benefits compared to 1 RE CSI-RS.

Table 1: Link-level simulation assumptions.
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configurations
	2x2, Xpol

	Channel model
	SCM Urban Macro NLOS

	UE velocity
	3 km/h

	E-PDCCH configuration
	Localized PRB allocation with frequency domain scheduling

	Transmission scheme
	Closed-loop spatial multiplexing (CL-MIMO)

	Codebook for CL-MIMO
	Rel-10 codebook for 2-Tx

	PMI granularity
	Wideband

	PMI reporting delay
	5 ms

	PMI reporting periodicity
	10 ms

	CQI granularity
	Narrowband

	CQI reporting delay
	5 ms

	CQI reporting periodicity
	10 ms

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK modulation, coding rate according to CCE size and aggregation level

	CCE size
	36 REs

	DCI format and payload
	DCI 1A: 27 + 16CRC bits

	Number of allocated PRBs
	Aggregation levels {1,2,4,8}: {1,1,2,4} PRBs

	CSI-RS configuration
	2-Tx CSI-RS, 10 ms periodicity

	CRS configuration
	2 CRS ports

	DM-RS configuration
	Rel-10 DM-RS pattern for rank-1

	Channel estimation algorithm
	CSI-RS: Realistic channel estimation

DM-RS: Realistic channel estimation, no PRB-bundling


