3GPP TSG RAN WG1 Meeting #58bis
R1-093893
Miyazaki, Japan, 12 - 16 Oct, 2009
Agenda item:
6.4.3
Source: 
Nokia, Nokia Siemens Networks
Title:
Feedback Signalling for Downlink Dual-layer Beamforming in Rel’9
Document for: Discussion and Decision
Introduction

Recently RAN 1 settled on a way forward for the design of enhanced DL dual layer beamforming in Rel9 [2]. One of the issues agreed was to support two difference feedback signalling schemes 

1) CQI only reporting scheme as used for transmission mode 7 in Rel8

2) CQI+PMI/RI reporting scheme as used for transmission mode 4 in Rel8

For scheme 1) we should be able to reuse Rel8 more or less as this was already designed for supporting beamforming with UE specific reference signals. On the contrary scheme 2) was not originally designed for use with UE-specific reference signals so here we foresee some modifications to take into account the offset between CRS used for deriving feedback signalling and URS used for demodulating the PDSCH.

To handle such an issue, it’s proposed in [2] to signal the power/beamforming gain offset between URS and CRS to UE, to make it possible to perform adequate RI evaluation at UE side accounting for such kind of offset.

This paper presents our view on this topic, and we consider in the following two main options for CRS/URS power offset signalling:
· Dynamic signalling via PDCCH.

· Semi-static signalling via higher-layer
For the offset signalling via higher-layer we present system simulation based performance evaluation for different variants of this scheme including the case where no offset is applied. Finally we conclude on the proposed way forward for RAN1 on this issue.
Offset Signaling via PDCCH
Assuming that the beamforming functionality is to be used with two groups of correlated antennas, such as a number of columns with cross-polarized elements, it may be expected that the beamforming gain for each group is relatively stable and similar for both groups [2], while the beamforming gain across two groups may not be stable due to non-correlated antenna set up.
Obviously, signalling an (average) value via PDCCH will be problematic for the offset with large derivation, because the signalled value could not represent the exact offset, and may lead to inaccurate offset compensation at UE side.
We further note the following:
· Interference evaluation: for DL dual-layer beamforming, the instantaneous inter-cell interference level will be changed rapidly due to so-called “flashlight” effect, and is hard to be predicated at UE side. Based on this, accurate instantaneous RI evaluation is hard to be done at UE side even in the case that accurate power offset signalling/compensation is possible.
· Signalling space: DCI format 2A has been agreed to be re-used to support dual-layer beamforming in Rel’9 [1]. It’s a challenge to find enough signalling space for offset signalling based on current DCI format.
Based on above analysis, our observation is:
· Dynamic offset signalling/compensation via PDCCH is not feasible mainly due to un-predicatable inter-cell interference and high signalling overhead.
Offset Signaling via Higher-layer Configuration
One simple way of handling URS/CRS offset is to ask RAN2 to include such offset signalling in the RRC signalling. For RRC signalling two main options exist, cell specific SIB based signalling and UE specific radio link configuration signalling. In case most UEs use the same offset, cell specific signalling would be enough whereas if UEs would need quite different offset then UE specific signalling should be used. For specific signalling values our initial suggestion, considering the typical antenna set up for dual-layer beamforming, is to include 4 possible offset values: 0, 3, 5 and 7 dB.

To evaluate the impact to system performance of offset signalling/compensation via cell and UE specific higher-layer configuration, we conduct system level simulations with standard 3GPP assumptions, for detailed assumptions see appendix. The following schemes are evaluated:
Scheme 1: w/o offset compensation at UE side

· Instead, the offset compensation is performed at eNB side. And the lower-bound performance is expected.

Scheme 2: w/ cell-specific compensation at UE side

· A cell-specific offset is signalled via higher-layer configuration and is compensated at UE side. In the system evaluation, an offset of 5.5dB was used in the evaluation.
Scheme 3: w/ UE-specific compensation at UE side

· The only difference with scheme 2 is that an UE-specific offset is signalled and is compensated at UE side.

In the system level evaluation, ACK/NAK based outer loop link adaptation was used in conjunction with frequency selective CQI reporting. The results in terms of mean and cell edge UE spectrum efficiency are given in Figure 1.
As can be seen from the results there is some gain (~10%) in mean spectral efficiency from introducing CRS/URS offset with higher layer signalling. However it does not make a big difference whether the offset is cell or UE specific. The main reason for the difference in spectral efficiency is the low utilization of rank 2 transmission in case no offset is applied as seen Figure 2. Without CRS/URS offset knowledge at UE side, the reported rank would in many cases be conservative and eNB may need to override the reported rank-1 with rank-2 transmission. However it is not such a straightforward operation for the eNB to convert the reported rank-1 CQI to rank-2 CQIs since inter-layer interference is not explicitly contained in the reported rank-1 CQI and the CQI also implicitly contains UE specific implementation details which is not visible to eNB.
Concerning the little performance difference between cell and UE specific power offset, we explain it by the fact that the typical long term power offset between CRS and URS for different UEs does not differ a lot. 
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Figure 1 Mean and cell edge UE spectral efficiency for different higher layer signaling options
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Figure 2 Rank probability for different higher layer signalling options
Conclusion
Based on the discussion and the simulation results, we propose:
· For dual-layer beamforming in Rel’9 with CQI only feedback scheme we suggest that Rel’8 transmission mode 7 CQI scheme is reused as it is currently specified.

· For dual-layer beamforming in Rel’9 with PMI/RI+CQI feedback scheme, URS-CRS power offset is signalled and compensated via higher-layer configuration to aid UE to get more accurate RI evaluation.
· Consult RAN2 on the preferred signalling implementation for providing URS-CRS power offset via SIB or RRC signalling. At least offset values 0, 3, 5, and 7 dB should be supported.
Appendix
	Parameter
	Assumption 

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Log Normal

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern [4] (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	θ3dB= 70 degrees,  Am = 20 dB 
2D antenna

	Antenna configuration
	8x2 Dual polarized, 0.5 lambda spacing in copolar domain

	Carrier Frequency / Bandwidth
	2.0 GHz

	Channel model
	SCM

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	Minimum distance between UE and cell
	>= 35 meters

	PS Algorithm
	Proportional fair

	Rank adaptation
	Dynamic

	Control channel
	3 OS (including some common reference signals)

	Reference signal configuration
	CRS: Port 0 and 1 enabled

URS: 12 RE per PRB for single layer beamforming, 6+6 RE for dual layer.

	UE Channel estimation 
	Realistic


RI based on widebandband
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