3GPP TSG RAN WG1 Meeting #68

 R1-120238
Dresden, Germany, 6th – 10th February 2012

Source:
Panasonic
Title: 
E-PDCCH performance analysis on FDM approach and FDM+TDM approach 

Agenda Item:
7.6.4

Document for:
Discussion/Decision
1 Introduction
This contribution presents link level evaluations for different ePDCCH distributed mappings. The BLER of a FDM approach and a FDM+TDM approach for DL assignments with distributed mapping are compared. In case of FDM approach, the DL assignment is demodulated by DMRSs in both slots. In case of FDM+TDM approach, the DL assignment is demodulated by DMRSs in 1st slot only, which may provide a benefit in terms of early decoding. Details on the pros and cons of the FDM and FDM+TDM approaches are elaborated in our accompanying contributions [1] and [2].

We evaluated the following closed and open loop based transmission schemes:

· For low speed UEs (3 km/h): Wideband PMI feedback based beamforming
· For medium and high speed UEs (30 km/h and 120 km/h): SFBC and RBF (Random Beam Forming)

2 Link level simulations

2.1 Assumptions/Methodology
The assumptions for DL assignment simulations are listed in Table 1. Further simulation assumptions are given in Appendix.
Table 1 Simulation assumptions
	Parameter
	Assumption/Value

	DL assignment mapping
(1 eCCE)
	For 2x2    1eCCE = 30REs                                          For 4x2     1eCCE = 28REs
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	Aggregation level and allocated RBs
	Aggregation level 2  (2 eCCE):   RB #6 + #42

Aggregation level 4  (4 eCCE):   RB #6 + #18 + #30 + #42

Aggregation level 8  (8 eCCE):   RB #6 + #7 + #18 + #19 + #30 + #31 + #42 + #43

	Channel estimation
	Real channel estimation per RB pair

FDM approach: DMRSs in 1st slot and 2nd slot in a RB pair are used.

FDM+TDM approach: Only the DMRSs in the 1st slot are used to enable early decoding.


2.2 Simulation Results
We compare the BLER of DL assignments for FDM approach and FDM+TDM approach with feedback based beamforming, SFBC and RBF(Random beamforming).

Feedback based beamforming with 3km/h

For the feedback based beamforming, we assumed wideband PMI feedback with 10msec delay. The gain of FDM approach over TDM+FDM approach for the 8 eCCE case is 0.5 to 0.9dB, it for the 4 eCCE case is 0.4 to 0.8dB and it for 2 eCCEs case is 0.6 to 1.2dB at 1 % BLER. This gain comes from the usage of the DMRSs in both of slots for the FDM approach, which results in a more accurate channel estimation.
For low mobility UEs, the 2 eCCE case is the most important aggregation size, since the majority of the UEs in a system will be addressed with aggregating two (or less) eCCEs (see e.g. the statistics provided in [4] for PDCCH). Therefore, the gain provided by the of FDM approach of 1.2dB (SCM-B) for typical deploments of 4x2 at the target BLER of 1% is expected to be dominant on system level.
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Figure 1  BLER on FDM approach and FDM+TDM approach, ETU (3km/h) model
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Figure 2  BLER on FDM approach and FDM+TDM approach, SCM-B (3km/h) model
SFBC and RBF with 30km/h and 120km/h

For lower SNRs, we observe that RBF has gain over SFBC. This gain comes from the power gain of the reference signals, since for SFBC, antenna ports 7 and 8 and/or port 9 and 10 are multiplexed in a CDM manner whereas for RBF only antenna port 7 is used. Therefore, the available DMRS power per antenna port for SFBC is half of the power for RBF. For higher SNRs, SFBC outperforms RBF, since the channel estimation gain of SFBC is dominant and antenna diversity gain is more pronounced. An addional aspect to consider is that for RBF, several RBs create beams which do not reach the UE, since the precoding vectors is selected randomly and without overlap. 

Assuming that UEs with high mobility and high SNR are rare, 4 eCCE (or even 8 eCCEs) would be the important aggregation sizes to focus on. In this case, the SFBC gain for 2eCCE is less so important and it should be discussed carefully whether a support of SFBC is required. Especially since RBF does not have any specification impact. 

For 30km/h for both SFBC and RBF, the FDM approach outperforms the FDM+TDM approach for all simulated environments, similar to 3km/h with feedback based precoding. For 120 km/h with high SNRs, the FDM+TDM approach provides gain over FDM+TDM approach. This is because the evaluated channel estimation scheme uses coherent combining of different DMRSs and the channel state changes significantly within a subframe. Hence with a change of the channel estimation scheme based on the UE speed , we expect a significant reduction of the SFBC gain.
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 [image: image7.emf]2x2 ETU(120km/h) SFBC and RBF
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Figure 3  BLER on SFBC and RBF with 2x2 ETU
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 [image: image9.emf]4x2 ETU (120km/h) SFBC and RBF
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Figure 4  BLER on SFBC and RBF with 4x2 ETU
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 [image: image11.emf]2x2 SCM-B (120km/h) SFBC and RBF
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Figure 5  BLER on SFBC and RBF with 2x2 SCM-B

[image: image12.emf]4x2 SCM-B (30km/h) SFBC and RBF
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 [image: image13.emf]4x2 SCM-B (120km/h) SFBC and RBF
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Figure 6  BLER on SFBC and RBF with 4x2 SCM-B

3 Summary

From the link level evaluations comparing of the FDM approach and the FDM+TDM approach for ePDCCH provided in this contribution we observe the following:

· At 1% BLER, the gain of FDM approach over FDM+TDM approach is 0.5 to 0.9dB for aggregation 8 eCCEs, 0.4 to 0.8dB for aggregating 4 eCCEs and 0.6 to 1.2dB for aggregating 2 eCCEs.
· In low SNR regions, RBF provides gain over SFBC due to channel estimation gain.

The results clearly show that the FDM approach outperforms the FDM+TDM approach. Considering that the processing time benefits of the FDM+TDM approach are negligible [1], overall the FDM approach provides a benefit as is proposed for mapping the ePDCCHs.
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Appendix
	Parameter
	Assumption/Value

	Channel model
	ETU (3km/h, 30km/h,120km/h), SCM-B[3](3km/h, 30km/h,120km/h)

	Antenna Configurations
	For feedback based precoding and RBF

2x2, 4x2       TM 9  single antenna port (port 7)

For SFBC

2x2:  antenna port 7 and port 8

4x2:  antenna port 7,8,9 and 10

For SCM-B 2x2, one column of cross-polarized antenna 

	DCI format
	2C (58 bit payload including CRC)

	SNR on x-axis
	average SNR in aggregated RBs over the simulation run time

	System BW
	10 MHz

	Carrier Frequency
	2.0 GHz

	Modulation
	QPSK

	Feedback and Precoding Model

	Feedback based precoding

CSI feedback (Aperiodic mode 3-1)
Based on CSI-RS 
CSI feedback delay: 10 ms
Assumption is that CSI feedback is transmitted in every subframe
CSI transmission loss rate 0%

Using Rel-10 codebooks
RBF(random beamforming)

Precoding is randomly selected RB by RB without feedback and without overlap.
For 2x2 : Codebooks (0,1,2,3) with layer =1(TS 36.211 Table 6.3.4.2.3-1)

For 4x2 : Codebooks (12,13,14,15) with layer =1 (TS 36.211 Table 6.3.4.2.3-2)
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