
3GPP TSG RAN WG1 Meeting #68

R1-120109
Dresden, Germany, 6th – 10th February 2012
Source:
CATT
Title:
Link level evaluation on E-PDCCH transmission schemes
Agenda Item:
7.6
Document for:
Discussion and Decision
1. Introduction

In RAN1 #67, the reference signal and localized/distributed transmission of E-PDCCH were discussed and the following agreements and working assumption were approved [1]:

Agreement from RAN1#67:

· Both localised and distributed transmission of the enhanced control channel are supported

· At least for localised transmission, and for distributed transmission where CRS is not used for demodulation of the enhanced control channel, the demodulation of the enhanced control channel is based on DMRS transmitted in the PRB(s) used for transmission of the enhanced control channel

· Antenna ports 7-10 is/are used

· The scrambling sequence used is FFS

Working assumption from RAN1#67:

· There are no cases where CRS is used for demodulation of the enhanced control channel.

In this contribution, two candidate schemes, i.e. TxD and open-loop precoding, are considered for open-loop E-PDCCH distributed transmission and compared by link level simulation. Following the agreements on reference signals for E-PDCCH, only DMRS ports are used for demodulation in the evaluation. From the simulation results, it is observed that open-loop precoding has better performance than TxD scheme.
2. Open-loop transmission schemes for distributed E-PDCCH
Open-loop transmission is necessary for E-PDCCH in two cases: when it is used for common search space and when credible feedback is unavailable. For common search space, the corresponding DCI is transmitted targeting multiple UEs, in which case CSI reported by a given UE is not useful. For UEs moving at high speed, CSI feedback is always outdated due to fast variation of wireless channels. In these cases, open-loop E-PDCCH using distributed resources is more suitable to provide robust transmission.
TxD and open-loop precoding are common open-loop transmission schemes. In the simulations, these two schemes are evaluated for open-loop E-PDCCH distributed transmission. For all schemes, DMRS ports are used for demodulation following the agreements on reference signal for E-PDCCH. Four distributed E-PDCCH clusters are configured, where each E-PDCCH cluster comprises one PRB pair and the four E-PDCCH PRBs are evenly distributed across the system bandwidth. The resource element pattern in each cluster for each transmission scheme with a given aggregation level is the same, and the per-cluster resource element patterns for TxD and precoding transmissions are illustrated in Figure 1. TxD and open-loop precoding are implemented as follows:
· TxD scheme:
· Transmission processing: SFBC with 2 antenna ports
· E-PDCCH resources: 4 subcarriers with 6 REs muted for aggregation level 4 and 2 REs muted for aggregation level 8 in each cluster, with 4 clusters evenly distributed over system bandwidth
· Reference signals used for demodulation: DMRS ports 7 and 8 without precoding
· Open-loop precoding scheme:
· Transmission processing: subband precoding with precoding vectors circularly selected from Rel-10 2 Tx rank 1 codebook, with different precoders used in different clusters
· E-PDCCH resources: 4 subcarriers without RE muting in each cluster, with 4 clusters evenly distributed over system bandwidth
· Reference signals used in demodulation: DMRS port with the same precoding processing as E-PDCCH data
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Figure 1: Per-cluster resource element patterns for TxD and precoding transmissions
3. Simulation results 
Performance comparison at low UE speed (3km/h) with different channel models is given in Figure 2. Under ETU channel model, SFBC and open-loop precoding have similar performance, while closed-loop precoding has about 1dB gain over these open-loop transmissions at BLER of 10-2. Under SCM urban macro channel model, open-loop precoding has about 0.3~0.6 dB gain over SFBC, and the performance gap between open-loop and closed-loop precoding is similar to ETU channel model.
When UE moves at low speed, the CSI feedback from UE is always helpful to achieve beamforming gain. However, open-loop transmission is also necessary even for low speed UE if E-PDCCH supports common search space. Because the corresponding DCI in common search space is transmitted targeting multiple UEs, CSI reported by a given UE is not useful to provide beamforming gain for all UEs. Generally speaking, SFBC is a robust open-loop transmission scheme. However, it is not observed that SFBC has its superiority over open-loop precoding. There are two factors affecting the performance of SFBC. One factor is that SFBC is demodulated based on DM-RS ports 7 and 8 and hence the power of DM-RS is halved compared to that of open-loop precoding where demodulation is based on port 7. The other factor is that SFBC needs RE muting to obtain paired subcarriers and thus the available REs for SFBC transmission is less than that of precoding schemes.
Figure 3 gives the simulation results for high speed UE (120km/h) with different channel models. Under both ETU and SCM channel models, open-loop precoding provides similar performance to closed-loop precoding, as CSI feedback is always outdated due to fast variation of the wireless channel when UE moves at high speed. In this case, open-loop E-PDCCH using distributed resources is more suitable. Comparing SFBC and open-loop precoding, SFBC also has no superiority over open-loop precoding for BLER performance at high UE speed.
The comparison between TxD and open-loop precoding schemes is given in Table 1.

Table 1: Comparison between TxD and open-loop precoding schemes
	Schemes
	Standardization impact
	Performance

	TxD
	Definition of TxD transmission demodulated based on DM-RS;

DMRS without precoding;

RE muting to realize paired subcarriers
	no performance superiority is observed

	Open-loop precoding
	Implement issue, no need of standardization
	Acceptable


Considering closed-loop precoding is expected to be supported for E-PDCCH, open-loop precoding requires no additional standardization efforts over closed-loop precoding. However, if TxD transmission for E-PDCCH is introduced, much more standardization work cannot be avoided. Furthermore, TxD has no performance superiority over open-loop precoding as shown in Figures 2 and 3. Therefore, we suggest that open-loop precoding instead of TxD is used for open-loop E-PDCCH transmission.
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Figure 2: Simulation results with UE velocity of 3km/h
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Figure 3: Simulation results with UE velocity of 120km/h
4. Conclusions

In this contribution, simulation results for open-loop E-PDCCH distributed transmission schemes are provided, and the candidate open-loop schemes including TxD and open-loop precoding are compared. From the evaluation results and analysis, we have the following observations:

Observation 1: Open-loop transmission is necessary for E-PDCCH in two cases: when it is used for common search space and when credible feedback is unavailable.
Observation 2: TxD based on DM-RS has no performance superiority over open-loop precoding under both ETU and SCM channel models with 2Tx configuration.
5. Reference
[1]. RAN1 Chairman Notes in #67.
Appendix：Simulation assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2Tx cross-polarized, both at eNB and UE

	OFDM symbols used for legacy PDCCH
	2 OFDM symbols for AL4, 3 OFDM symbols for AL8

	Channel model
	ETU, SCM Urban Macro (angle spread of 8 degree)

	Relative UE direction to eNB
	Uniformly distributed within [-60, 60] degrees

	UE velocity
	3 km/h, 120 km/h

	Transmission mode
	Transmit diversity

Closely-loop precoding based on wideband PMI feedback

Open-loop precoding without PMI feedback

	PMI/CQI reporting delay
	10 ms

	PMI/CQI reporting periodicity
	10 ms

	Number of layers
	Fixed rank 1

	Modulation and coding
	QPSK, coding rate determined based on the DCI format size and AL

	DCI formats and payload
	DCI Format 1A i.e. 29 bits + 16 CRC bits

	Aggregation level (AL)
	4 and 8

	Size of CCE
	4 subcarriers

	Number of allocated E-PDCCH clusters
	4 E-PDCCH clusters with each cluster comprising one PRB pair, and the clusters are evenly distributed in all bandwidth

	CSI-RS configuration
	2 CSI-RS antenna ports

	CRS configuration
	0 CRS port for E-PDCCH

	DM-RS configuration
	Rel-10 DM-RS port 7 and 8 for TxD; Port 7 for precoding

	Channel estimation algorithm
	CSI-RS: practical 2-D MMSE channel estimation 
DM-RS: practical 2D-MMSE channel estimation on a per PRB pair basis
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