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1. Introduction

In RAN1#57b meeting, RAN1 had following agreement on downlink RS design [1]:
· LTE-Advanced supports the Rel-10 PDSCH to be mapped also to MBSFN (non-control) region of MBSFN subframes that are not used for MBMS

· In case of PDSCH mapping to MBSFN subframes, both normal and extended cyclic prefix can be used for control and data region, same CP length is used for control and data

· Use of mixed CP lengths in data and control region is FFS

· Relation between CP length of normal and MBSFN subframes in the control region is the same as in Rel-8

· CSI RS are punctured into the data region of normal/MBSFN subframes
This contribution discusses CSI-RS aspects and Rel-8 CRS configuration further.
2. Discussion on CSI-RS transmission with multiple subframes
2.1. Number of RE/RB in a subframe for CSI-RS transmission
As shown in our previous paper [2] and appendix part, numerical results indicate that the impact of CSI-RS transmission for throughput performance on Rel-8 PDSCH is small in case of up to 8RE/RB, while visible performance loss e.g. more than 10% is observed in case of 16RE/RB. However, assuming CSI-RS overhead for 8 antenna port with the density of 1/840=0.12% per antenna port, it requires 16RE/RB if only single subframe is available in a radio frame. So the use of multiple subframes e.g. 2 subframes would be necessary if the impact for Rel-8 PDSCH is concerned. Following sections discuss that for different antenna ports and different RBs, respectively.
2.2. CSI-RS transmission with multiple subframes for different antenna ports
Regarding the CSI-RS position into the subframes, there could be 2 possible options of subframe position: Alt.1) localised subframes in time and Alt.2) distributed subframes in time, respectively. Followings are our view for those:
· Alt.1: localised subframes in time
In this option, the transmitted CSI-RS are packed as much as possible into as few subframes as possible.
· Pros

· In moderate time-domain fading variation, a relative comparison between the channel state seen on different antenna ports can be carried out; then it fits well with periodic PUSCH type reporting or aperiodic PUSCH type reporting.

· Better alignment with CoMP because one cell can be measured with a lot of detail using just a specific subframe. Then another cell may be measured in a different subframe.
· Cons

· If uplink reporting of different UEs is time-distributed in order to average the feedback load in the cell, some reporting would be further delayed.

· CSI calculation is carried out only in certain subframes, i.e. the mathematical instruction load at the UE is fluctuating. Therefore, the UE is required to be prepared for such a peak case. This might increase the complexity.
· Alt.2: Distributed subframes in time
In this option, the transmitted CSI-RS are distributed as equally as possible across the subframes in time.
· Pros

· CSI calculation is operated via time dispersal manner. Therefore, the calculation load can be averaged and it fits well with periodic PUCCH type reporting.
· Cons

· Availability of measurement may be reduced when at least one of the sub-frames overlaps with a DRX cycle.
· CoMP operation would be difficult because UEs have to measure multiple cells simultaneously without carefully designed CSI-RS transmission among cells within CoMP measurement set.
Our preference is Alt.1 because it enables relative comparison among antenna ports in moderate fading variation and synchronization among cells within CoMP measurement set.
2.3. CSI-RS transmission with multiple subframes for different RBs
Similar approach as above spatial domain can be applied to frequency domain, e.g. multiple subframes are shared among RBs within system bandwidth for CSI-RS transmission. Conclusion would be almost identical to that in above section, namely localised subframes in time is preferable because it enables relative comparison among RBs in moderate fading and synchronization among cells within CoMP measurement set.
3. Discussion on Rel-8 CRS configuration
One major controversial issue on the Rel-8 CRS configuration is whether to allow the configuration of 1 or 2 antenna port of Rel-8 CRS even when ≥4 antenna ports are used for LTE-A operation. It is more efficient to use less Rel-8 CRS from the overhead point of view in particular to allow 2 antenna ports of Rel-8 CRS, even though 4tx transmission mode would be supported at initial real LTE Rel-8 network [3]. In particular Joint Transmission in CoMP, frequency shifted CRSs among cells reduce the number of available REs.
Therefore, our position is to allow the configuration of 1 or 2 antenna port of Rel-8 CRS even when ≥4 antenna ports are used for LTE-A operation. If the number of possible configuration is concerned, at least the operation with 2 CRS antenna ports should be supported when ≥4 antenna ports are used for LTE-A, which adds 2 OFDM symbols containing absolutely no CRS per subframe.
4. Conclusion
In this contribution, CSI-RS and Rel-8 CRS configuration are discussed. Our views are:
· Subframe position of CSI-RS of different antenna ports or RBs: to locate localised subframes than to distributed subframes; and
· Rel-8 CRS configuration: even when ≥4 antenna ports are used for LTE-A operation, the operation with Rel-8 CRS should be allowed to be restricted to the 1 or 2 antenna port configuration.
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Appendix

We studied performance impact of CSI-RS transmission using Rel-8 UE’s throughput. The Rel-8 PDSCH performance with link adaptation is evaluated for different CSI-RS density namely 0/2/4/8/16 RE/RB assuming Open-loop transmit diversity as transmission mode for 2×2 antenna configuration. The other simulation parameters used are listed in Table A-1. Assumed CSI-RS pattern are shown in Figure A-1.
Figure A-2 shows the throughput performance on Rel-8 PDSCH. The results show that in case of up to 8RE/RB the impact is small, while in case of 16RE/RB visible performance loss is observed.

Figure A-3 shows the performance loss to compare in case of w/o CSI-RS transmission. The results show that in case of 16RE/RB the impact is more than 10%.

This tendency is basically aligned with observations from other companies [4]-[7].
According to the results, for CSI-RS transmission 1 or 2 subframes would be sufficient per radio frame.
Table A-1 simulation assumptions for contiguous allocation
	Carrier frequency
	2.0GHz

	Transmission BW
	5MHz

	# of allocated RBs
	4RBs

	Channel environments
	ETU 9Path , 3km/h

	Antenna configuration
	Tx:2, Rx:2, uncorrelated

	Transmission mode
	Open loop transmit diversity

	Channel estimation
	Ideal

	Link adaptation
	EESM

	HARQ
	IR, RTT=8, MaxTx = 4

	CSI-RS duty cycle
	10 ms

	CSI RS RE to PDSCH RE Power Ratio
	0 dB
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Figure A-1 CSI-RS pattern
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Figure A-2 Throughput performance
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Figure A-3 Performance loss from no CSI-RS






