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1 Introduction
In this document we propose a number of spatial multiplexing test cases for PDSCH that could be considered in a first round, and we also propose a way forward concerning CDD and transmit diversity tests.
A useful and comprehensive overview of MIMO and transmit diversity test cases is given in [1], which also aims at minimizing the number of test cases which is very important for E-UTRA time-to-market. This is also a guiding principle of this contribution.
We have divided the tests into the following categories

· Single layer precoding: includes beamforming, should work not only for high SNR since an important application is improving the cell-edge throughput. It will also give gains for higher spatial correlation;
· Multi-layer precoded spatial multiplexing: multiple code words, mainly for medium to high SNR;
· CDD: large delay that could give gains w r t zero delay for it allows open-loop spatial multiplexing intended for high speed scenarios with medium to high SNR; 
· Transmit diversity: needs to be properly tested since it is often a fallback when feedback is unreliable or feedback overhead is unacceptable.
Small CDD is not included since it can be made transparent to the UE, and the gain w r t zero delay is small. 
2 Single layer transmission with channel dependent precoding
These are tests with a single layer and channel dependent precoding (e.g. beamforming) of various frequency/time granularity based on common RS. Rank 1 transmission is tested for 2 TX antennas and in one case for 4 TX. 

The channel bandwidth could be 10 MHz as proposed in [1]. Channels models EVA5 (or possibly a higher speed ETU70) for fine precoding granularity, and EPA5 is tested for wideband precoding. The impact of transmitter timing misalignment of the test equipment should be minimized as much as possible. 
Single layer precoding provides gains in the lower SNR range and should therefore be tested with e.g. QPSK and 16QAM; it might be possible to skip 64 QAM tests. Two test cases are proposed for 2 TX antennas: a dispersive channel with frequency selective precoding, and a more flat channel with high correlation (Table 1). A 4 TX test case is also included (2 RX). 
Table 1 Single-layer transmission test cases
	TX ports
	Bandwidth
	Rank
	Channel type
	Precoding
	Spatial correlation

	2 TX
	10 MHz
	1
	EVA5
	Frequency selective
	Low

	2 TX
	10 MHz
	1
	EPA5
	Wideband
	High

	4 TX
	10 MHz
	1
	EVA5
	Frequency selective
	Low


The different frequency granularities of precoding are tested with single-layer transmission since the precoding gains with multi-layer transmission are smaller. 

3 Multi-layer transmission with channel dependent precoding 
Multi-layer transmission (multi stream) should be tested at relatively high SNR scenario. All bandwidths need not be tested. Proposed tests are shown in Table 2. 
Table 2 Multi-layer transmission test cases

	TX ports
	Bandwidth
	Rank
	Channel type
	Precoding
	Spatial correlation

	2 TX
	20 MHz
	2
	EPA5
	-
	Low

	2 TX
	20 MHz
	2
	EVA5
	Frequency selective
	Low


4 CDD
4.1 Large-delay CDD

Large-delay cyclic delay diversity (LD CDD) should be tested for a lightly dispersive channel and higher speed, see Table 3. 
Table 3 Large-delay CDD test case
	TX configuration
	Bandwidth
	Rank
	Channel type
	Precoding
	Spatial correlation

	4 TX + LD CDD
	20 MHz
	2
	EVA70
	Precoder cycling
	Low


4.2 Small-delay CDD

For this version of CDD, the CDD operation is applied directly onto the antenna ports. 
Small-delay (SD) CDD applied to all UEs can be implemented transparently to the UE by performing CDD also on the common RS. Since transmitter misalignments will be present, some small delay CDD processing will be performed for all UEs in any case. If the antennas are well calibrated to support e.g. a scheduled 10 MHz transmission with a single wideband precoder, then SD CDD would essentially reintroduce the impairment. 
Figure 1 shows the system performance for a 2x2 system when SD CDD is used as compared to zero delay CDD in a scenario more favorable for SD CDD. We assume a multi-cell scenario with a completely flat uncorrelated channel, full buffer traffic, a CQI frequency granularity of 1 RB. The full precoder codebook is utilized for both small and zero delay CDD (i.e., least amount of codebook subset restriction). 
[image: image1.emf]1 2 3 4 5 6 7 8 9 10

5

6

7

8

9

10

11

12

Average number of users per cell

Served traffic [Mbps/cell]

Zero delay CDD

Small delay CDD


Figure 1: System throughput versus number of users per cell.
The gains are small for this case so it appears sufficient to test the large delay CDD. 
5 Transmit diversity

Transmit diversity is already tested for 2x2, 10 MHz, 16QAM R = ½ (SFBC). Transmit diversity may be used as a fallback mode for some UEs so should perhaps be tested for some more cases, such as smaller allocation. A 4 TX case is also important and we therefore suggest the following 4 x 2 test with a small allocation.
Table 4 Additional transmit diversity test case
	TX ports
	Allocation
	Channel type
	Spatial correlation

	4 TX
	5 PRB
	EPA5
	Medium


Transmit diversity should also be tested for all channels that support this feature.  
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