3GPP TSG-RAN WG1 #58
R1-093484
Shenzhen, China, August 24-28, 2009
Source:
Ericsson, ST-Ericsson
Title:
DM RS design in DwPTS for Rel-9 dual layer beamforming
Agenda Item:
14
Document for:
Discussion and Decision
1. Introduction

At RAN1 #57, some decisions made on demodulation reference signal (DM RS) design for dual-layer beamforming [2] were done:
· Agree on the DM RS overhead as 12 REs
· Same set of RE used for Rank 1 and Rank 2
· FFS whether or not Rel-9 Rank1 pattern is different from the Rel-8 Rank 1 pattern
· Consider the forward compatible design that makes Rel-9 patterns a subset of Rel-10 patterns, on the condition that the new pattern presents better performance than or at least equivalent performance to the existing Rel-8 pattern
Since the start of the workitem [1], the design of dual layer demodulation RS (DM RS) has mainly focused on normal downlink subframes and the design for the special downlink subframe, DwPTS for frame structure type 2, has not received so much attention.  DwPTS has shorter duration, and a natural question is whether the same design, but truncated, can be used, and if so which design is preferable.

In this contribution, we consider the DM RS design for DwPTS and more specifically evaluate some of  the options presented in our companion paper [4].
2. Dual layer DM RS design

In case of normal cyclic prefix, there are four possible lengths of DwPTS that are used for data transmission, 9, 10, 11 and 12 OFDM symbols. In other words, it means that the last 5, 4, 3 and 2 OFDM symbols will be punctured, respectively. If dual layer DM RS pattern in normal subframe is re-used in DwPTS, some symbols of DM RS will also be punctured accordingly. This results in an increased implementation complexity and furthermore, the demodulation performance in DwPTS may degrade somewhat.

A simple solution to this problem is to avoid scheduling dual layer beamforming transmission in DwPTS.  It is up to eNB scheduling and there is then no any standard effort. All Rel-8 functionality in DwPTS can be re-used instead. However, the argument against this solution is that transmission efficiency for TDD using the dual layer functionality will be decreased, in particular for UL heavy TDD configurations.
Another solution is to permit the scheduling of dual layer beamforming transmission in DwPTS. This leads to more design challenges of the dual layer DM RS in order to obtain acceptable performance. In subsequent context, we consider dual layer DM RS in DwPTS based on the following:
· The same design principles for both DwPTS as well as in normal subframes. 

· Strive to re-use the DM RS pattern used in normal subframe for DwPTS as much as possible.

· Strive for a common design for all lengths of DwPTS

2.1. Dual layer DM RS mapping pattern

In [4], we present four options for the design of up to 8-layer transmission.  Accordingly, we re-use the four options for dual layer DM RS design, as shown in Figure 1, expect for option-1, which is FDM based. The difference compared to normal subframe is that last several OFDM symbols are simply punctured.  This results in two different DM RS patterns, one for DwPTS lengths of 10, 11 and 12 OFDM symbols and another for DwPTS length of 9 OFDM symbols.
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Figure 1
Dual layer DM RS patterns (the first two OFDM symbols are reserved for channel control, normal CP)

· Option-2 is based on distributed CDM scheme and the Rel-8 legacy pattern.. Two length-2 orthogonal codes are employed in a distributed fashion for the reference signals, e.g. [1 1] and [1 -1] for each layer.
· Option-3 is based on localized CDM, and we note that just half of DM RS remains. The length-2 orthogonal codes are constructed on two adjacent resource elements in the time domain.
· Option-4: is based on the distributed CDM scheme. The length-2 orthogonal codes are constructed on two distributed resource elements cross time domain.
Table 1 gives the summary of DM RS density for four options. 

Table 1
Summary of DM RS density for four options
	Options
	DwPTS lengths of 10, 11 and 12 OFDM symbols
	    DwPTS length of 9 OFDM symbols

	Option-2
	9REs per layer
	6REs per layer

	Option-3
	6REs per layer
	6REs per layer

	Option-4
	9REs per layer
	6REs per layer


3. Performance evaluations

In this section, we compare the options described in Section 2 for dual layer beamforming. The simulation assumptions can be found in Table 2. With length-2 CDM spreading, [1 -1] and [1 -1] are used to multiplex the two layers. Transmit power is evenly divided by two layers.

Table 2
Simulation assumptions

	Number of Antennae
	8×2, uncorrelated antenna

	Carrier Frequency
	2.6 GHz

	System bandwidth
	10M

	Number of subcarriers
	600 (50RB)

	Frame configuration
	DwPTS with 9, 10, 11 and 12 OFDM symbols

(The first two OFDM symbols for control channel, 4 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU)

	Speed
	3km/h, 30km/h

	Rank adaptation
	Fixed rank {2}

	Precoding
	SVD based on ideal wideband SRS, no PMI

	Link adaptation
	OFF, {QPSKx1/2},{16QAMx1/2},{64QAMx1/2}

	MIMO detection algorithm
	MMSE

	Power boosting for DM RS
	Yes for FDM patterns, No for CDM patterns

	DM RS patterns
	Option-2, Option-3, Option-4

	Channel Coding
	Turbo code

	HARQ
	OFF


Figures 4(a), 4(b), 4(c) and 4(d) show the performance evaluations of DwPTS with 9, 10, 11 and 12 OFDM symbols, respectively, in 3km/h and 30km/h for dual layer beamforming. We have the following observations: 

· With DwPTS with 9 OFDM symbols, Option-2 has the worst performance and  Option-3 and Option-4 perform similarly.

· With DwPTS with 10, 11 and 12 OFDM symbols, Option-4 in general performs better than the other patterns, and option 2 performs the worst.

· In summary, we can conclude among four options that

· Option-2 provides a backward compatible pattern but performs the worst and Option-4 has in typically the best performance.
4. Conclusion

In this contribution, we investigated dual layer DM RS design in DwPTS and considered the relative performance of three of the options for different DwPTS lengths. Among the considered options, Options-3 and Option-4 based on CDM performed similarly whereas Option-2 based on the Rel-8 pattern performed the worst.
We propose to 

· Adopt a CDM based design for DwPTS, aligned with the normal subframe, such as Option-4 or Option-3.
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(a) DwPTS with 9 OFDM symbols
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(b) DwPTS with 10 OFDM symbols
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(c) DwPTS with 11 OFDM symbols
[image: image5.emf]-2 0 2 4 6 8 10 12 14 16 18 20

10

-2

10

-1

10

0

BLER

SNR_dB

DwPTS (10 OFDM symbols), 8X2, dual layer beamforming, ETU, 30km/h

 

 

Option-2

Option-3

Option-4


(d) DwPTS with 12 OFDM symbols
Figure 2
Performance evaluations for DwPTS with different lengths
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