3GPP TSG RAN WG1 #59bis
  


                      R1-100451
Valencia, Spain, 18– 22 January 2010
Source: 

Texas Instruments 
Title:
Required CSI-RS Density for Rel-10 SU-MIMO Transmission
Agenda Item:

7.2.2
Document for:
Discussion and Decision
1. Introduction
In RAN1#56, two types of reference signals (RS) were defined for the advanced downlink features of  LTE-A such as 8 TX spatial multiplexing, DL COMP and advanced MU-MIMO [1]:

· Demodulation RS (RS targeting PDSCH demodulation): UE-specific and precoded.

· CSI-RS (RS targeting CSI estimation): cell-specific and not precoded.
Following email discussion, it was further agreed to evaluate the CSI-RS estimation quality and granularity in support of Rel-10 SU-MIMO transmission. There is an inherent trade-off associated with CSI-RS RE density versus the number of available REs for PDSCH transmission. A higher CSI-RS RE density implies potentially greater accuracy of CQI/PMI feedback for link adaptation, which is usually desirable at low SNR. The trade-off is smaller number of available PDSCH REs. In contrast, a smaller CSI-RS RE density results in diminished CQI/PMI feedback accuracy but provides a higher number of available REs for PDSCH transmission.
This contribution presents our link-level evaluation results on the required CSI-RS density with single- and dual-stream 8 TX downlink SU-MIMO transmission in Rel-10 LTE-A.
2. CSI-RS Reference Patterns
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Figure 1: CSI-RS reference evaluation patterns with 1 RE/port, 1.5 REs/port and 2 REs/port respectively.
For evaluating the required CSI-RS RE density (units of REs/PRB/port), this document has considered three CSI-RS patterns with varying pilot granularity as shown in Figure 1. 
Table 1: CSI-RS overhead calculation.

	Symbol
	Description
	Value

	Nsyms
	# OFDMA symbols/subframe
	14

	NPDCCH
	#Control symbols/subframe
	3

	NtonesperRB
	Resource Elements per RB
	12

	NRB
	Number of scheduled PDSCH RBs
	4

	NCSIRSports
	Number of CSIRS ports
	8

	MCSIRSperport
	Average CSI-RS density (RE/PRB/port)
	1, 1.5 and 2

	NDMRSREperRB
	Number of DMRS REs per subframe
	24

	NCRSRE
	Number of CRS REs outside PDCCH region per subframe
	12

	DutyCycleCSIRS
	Fraction of subframes in which CSI-RS is transmitted
	0.1


Ignoring SCH and BCH resource elements (REs), assume a PDSCH allocation of NRB resource blocks. The CSI-RS specific parameter is given by MCSIRSperport (units of REs/PRB/port). Define the parameter NDMRSREperRB which denotes the total number of DMRS symbols in each RB. See Table 1 for detailed description of different parameters used in the ensuing CSI-RS overhead calculations.
First, the number of available data (PDSCH) REs when CSI-RS is present is given as

Ndata = NRB x [(Nsyms – NPDCCH) x NtonesperRB – MCSIRSperport x NCSIRSports – NCRSRE – NDMRSREperRB].
The corresponding number of CSI-RS REs for a given CSI-RS pattern is given as

NCSIRS = NRB x MCSIRSperport x NCSIRS.
From the above equations, the corresponding CSI-RS overhead is given as 

CSI-RS Overhead   = NCSIRS / (NCSIRS + Ndata) x DutyCycleCSIRS .
Essentially, CSI-RS overhead is calculated relative to the data REs discounting the REs used for PDCCH. Assuming a PDSCH RB allocation equalling NRB = 4 RBs and NPDCCH = 3 PDCCH symbols/subframe, Table 2 shows the corresponding number of CSI-RS REs during active CSI-RS subframes, the number of available data REs during CSI-RS subframes and the average CSI-RS overhead per radio frame. From Table 2, the worst-case CSI-RS (P8-Alt3) overhead is seen to equal 1.67%.
Table 2 : Incurred overhead for different CSI-RS densities.

	CSI-RS Density
	MCSIRSperport
	NCSIRS
	NCSIRS
	% Overhead

	P8-Alt1
	1
	32
	352
	0.833

	P8-Alt2
	1.5
	48
	336
	1.25

	P8-Alt3
	2
	64
	320
	1.67


3. Channel Estimation and PMI Adaptation Using CSI -RS
The CSI-RS reference symbols are used for obtaining channel estimates in each CSI-RS RE. DFT-based frequency domain interpolation is used for obtaining channel estimates for each port in the CSI-RS bearing OFDMA symbols (that is, potentially symbols 4 and 11). For PDSCH demodulation, perfect channel estimation is assumed with LMMSE based detection for Ranks greater than 1 (MRC receiver is used for Rank-1 transmission). 
Whenever the current subframe is carrying a CSI-RS reference symbol, the extracted CSI-RS based channel estimates is used to obtain the CQI over the allocated PDSCH RBs. The extracted CQI is used for obtaining the PMI feedback whenever the current subframe is a CSI-RS carrying subframe. Figure 2 shows the evaluation procedure in this contribution for determining the PDSCH throughput using CSI-RS based PMI adaptation.
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Figure 2: Block diagram showing evaluation methodology for determining required CSI-RS pattern density.
4. Simulation Results
We present link-level simulation results for CSI-RS evaluation. Table 3 shows the simulation parameters and their corresponding values. The PDSCH throughputs are averaged over 25000 subframes. Evaluation results show PDSCH throughputs with CSI-RS transmission for baseline (fixed precoder, no HARQ) and evaluation (with PMI adaptation and HARQ) cases. For both the baseline as well as the PMI based adaptation, the MCS is held fixed for the entire simulation duration.
Rank-1 and Rank-2 PDSCH throughputs are shown in Figures 3 and 4 respectively.  Simulation results for both single stream and dual stream transmissions show negligible PDSCH throughput difference between all three CSI-RS pilot densities. The results without PMI adaptation are depicted in Figure 5 for comparison. The benefits of PMI adaptation using CSI-RS can be seen from comparing Figure 3 with the baseline performance in Figure 5. For example, for QPSK-1/2, there is a nearly 3 dB performance improvement at low SNR obtained from PMI adaptation versus the baseline case.
Considering the lower overhead associated with P8-Alt1 (1 RE/PRB/port) and hence a smaller performance degradation for Rel-8 UEs, our conclusion is that a CSI-RS density of 1 RE/PRB/port provides good link performance with negligible impact on PDSCH throughput.
Table 3: Link-level simulation parameters.

	Simulation Parameter
	Value

	Carrier frequency
	2 GHz

	Transmission bandwidth
	5 MHz (25 RBs)

	eNodeB antenna configuration
	8 Tx uncorrelated.

	UE antenna configuration
	2 RX uncorrelated.

	Channel model
	3GPP-TU

	UE velocity
	3 Kmph

	PDCCH/PDSCH configuration
	3/11 OFDMA symbols per subframe.

	Scheduling in time
	Scheduling in every downlink subframe.

	Channel coding (PDSCH)
	Rel-8 turbo coding.

	Number of allocated PRB
	4 PRBs (RBs 5,6,7,8)

	MCS, HARQ and link adaptation
	Baseline: Separate MCS (QPSK-1/2, QPSK-3/4, 16-QAM-1/2, 16-QAM-3/4, 64-QAM-3/4), no HARQ, no link adaptation.

Evaluation: Enable HARQ and PMI adaptation for fixed MCS scheme as above.

	PDSCH Demodulation
	MMSE for rank > 1, otherwise MRC

	Precoding/Feedback granularity
	2 PRB granularity for PMI feedback

	Transmit Precoding
	7 bit codebook (16 entries for ranks 1 through 7, 4 entries for rank 8)

	Transmission ranks
	1 & 2

	Common reference signal configuration
	2 port Rel-8 CRS in every subframe

	CSI-RS allocation
	Full bandwidth in active CSI-RS subframe

	CSI-RS duty cycle configuration
	Once every 10 ms (duty cycle factor = 0.1)

	CSI-RS density
	Alt 1: 1 RE/PRB/Port

Alt 2: 1.5 REs/PRB/Port

Alt 3: 2 REs/PRB/Port

	CQI/PMI reporting delay modelling
	Delay equals 5 subframes (5 ms) between time of computation at UE and use for precoding at eNodeB.

	CSI-RS reference patterns
	P8-Alt1, P8-Alt2 and P8-Alt3 (Figure 1)

	Channel estimation for demodulation
	Idealized channel estimation

	Channel estimation for PMI adaptation over CSI-RS
	LS estimation over CSI-RS pilot locations and DFT frequency domain interpolation across entire bandwidth.

	Simulation output
	PDSCH throughput (Mbps) versus SNR (dB) accounting for CSI-RS overhead
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Figure 3: PDSCH throughput (Mbps) versus SNR with Rank-1 PMI Adaptation
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Figure 4: PDSCH throughput (Mbps) versus SNR with Rank-2 PMI Adaptation.
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Figure 5: PDSCH throughput (Mbps) versus SNR: Baseline Evaluation (No HARQ, No PMI adaptation).
5. Conclusion
The lowest considered CSI-RS RE density (1 RE/PRB/port) provides acceptable link-level performance for Rel-10 SU-MIMO transmission, while ensuring minimal Rel-8 UE performance degradation. Hence, we recommend a CSI-RS pattern with 1 RE/PRB/port.
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