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1 Background

RAN1 has sent an LS on dual-layer beamforming [1] asking RAN4 to consider performance requirements that can verify UE performance with rank-1 PDSCH transmission in the presence of intra-cell and inter-cell interference. This is in the scope of the RAN1 WI “"Enhanced DL transmission for LTE”, which has been updated in [2] and subsequently approved by RAN#45. The objective is now to 
· Support single user dual-layer beamforming using UE specific RS for both LTE-TDD and FDD 
· Design of the UE specific demodulation reference signals and the mapping of physical data channel to resource elements should aim for forward compatibility with LTE-A Demodulation RS 

· Specification of dynamic indication of DM RS port in case of rank-1 transmission to enable scheduling of two UEs with rank-1 transmission using different orthogonal DM RS ports on the same PDSCH resources

· Specification of performance requirements potentially needed for UE demodulation with rank-1 transmission in the presence of intercell interference and intracell interference of co-scheduled UE using different orthogonal DM RS port on the same PDSCH resources, with no explicit signaling of the presence of co-scheduled UE. 
· Specification of performance requirements for UE demodulation with both rank-1 and rank-2 transmission in the presence of intercell interference only.
· Principles exploiting channel reciprocity shall be considered in the feedback design where applicable. The need for additional feedback shall be assessed.
RAN4 will be involved in specifying performance requirements for TS 36.101. The WI time plan is tight (December 2009) so a discussion on the tests needed for finalising the work is relevant, see second and third sub-items above, the action requested in the LS is only a part of the possible test coverage. In this paper we discuss a possible test setup for initial simulations. We propose to start with the SU-MIMO case without feedback that should be relatively straightforward; RAN1 is still discussing the details on the feedback design and the reference signals, such as orthogonal covers and scrambling codes. This makes the properties of interference not so well defined.
2 Way forward agreed by RAN1
The way forward agreed by RAN1 [3] includes the following elements (some minor edits of the text in [3] below):
· Single transmission mode for Rel-9 Dual-layer beamforming

· could be based on DCI format 2A 
The single-user case and that in which a co-scheduled UE using on a different orthogonal DM RS port is using the same PDSCH resources are thus within the same transmission mode. 
· DM-RS patterns 

· CDM multiplexing of two layers 
· same DM-RS structure (including REs, spreading and scrambling) will be used for rank 1-2 in Rel-10

· DM-RS structure for DwPTS and/or extended CP may be different from regular sub-frames w/ normal CP (based on performance considerations)
The DM-RS patterns agreed in principle are code multiplexed (length two), see Figure 1.
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Figure 1: DM-RS transmitted on Ports 7 and 8
The CDM spreading and scrambling code remains to be decided.
· Dynamic indication of DM-RS port is supported in case of rank 1 transmission

· To enable scheduling of two UEs with rank-1 transmission using different orthogonal DMRS ports  on the same PDSCH resources 

· SU/MU assumption

· no explicit signaling of the presence of co-scheduled UE in case of rank 1 transmissions

· in case of rank-1 transmission, the UE cannot assume that the  other DM RS antenna port is not associated with PDSCH assigned to another UE (LS to RAN4 with action to consider defining test for such use case)

· TxD based and also PMI based feedback modes supported for both TDD and FDD
· Baseline:  No PMI feedback for TDD and FDD

· PMI based feedback is also supported for TDD and FDD

· Re-use Rel-8 feedback modes as much as possible
For FDD the link and rank adaptation is challenging since measurements is done on cell specific RS, mechanisms based on channel reciprocity cannot be exploited like for TDD. From a testing standpoint the latter could still be complicated if the test case involves e.g. rank adaptation by the test system based on uplink data from the device under test.
The feedback modes are still discussed by RAN1 and the scrambling sequences for the DM-RS are not decided (needed for the co-scheduled case). Hence it appears feasible to start with the SU-MIMO case that could be simulated anyway.
3 Proposed test setup
3.1 Single-user case
This test would verify UE demodulation performance with rank-1 and rank-2 transmission using the user-specific DM-RS in the presence of inter-cell interference only. Interference from a co-scheduled user will be considered in the rank-1 case.
We start with the rank-2 case. The reference channels can be based on the Rel-8 tests (R.25 TDD – R.28 TDD in A.3.4.3 of TS 36.101), but with requisite modifications for the new DM-RS. These are in turn modeled by assuming a cover of [+1,+1] and [+1,-1] for the CDM (see Figure 1 above). The scrambling sequence is in principle needed also for SU-MIMO, but link simulations can be done without them in a first step.
The channel model is a 2 x 2 EPA5 with low correlation, comprised of two sets of 1 x 2 channels, one per PDSCH stream k
(3.1)
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where the codebook index j (Table 6.3.4.2.3-1 in TS 36.211) changes randomly between every subframe and each PRB within the set {0,2} for k = 1, and is picked in {1,3} for k = 2 such that the precoders for the two streams are orthogonal in time and frequency. These precoder vectors mimics the actual beamforming weights applied at two physical antennas (Ports 7 and 8, i.e. two DM-RS patterns, are mapped to both physical antenna ports), even if the update rate at every subframe might be slightly high.
The intercell interference could be modeled by a white noise source just as for the spatial-multiplexing tests with cell-specific RS. 

We assume fixed rank-two transmission (no RI feedback) and since RAN1 is still discussing the feedback modes, the rank-two transmission is assumed to be indicated to the UE (cf. the dynamic indication). We also propose to do without PMI reporting for the first tests. If PMI reporting is considered for the tests at a later stage, Port 1 and Port 2 can mapped in addition to Port 7 and 8. 
3.2 Co-scheduled case
The remaining test coverage could comprise verification of UE demodulation with rank-1 transmission in the presence of intercell interference and intracell interference of co-scheduled UE using different orthogonal DM RS port on the same PDSCH resources (the action in [1]). 
The character of the two interference types merits some discussion; the scrambling codes for the DM-RS are not yet agreed, and the selection may be important for distinguishing between intra- and inter-cell interference and verify robust UE performance in both cases. The channel model (3.1) could be re-used, but with a possible modification of update rate of the precoders Wk (mimics the different beamforming weights used for the two co-scheduled users) for a more realistic model of the intra-cell interference should this influence the test results. 
3.3 Other
Another objective of the WI is consideration of principles exploiting channel reciprocity in the feedback design where applicable. This is applicable to TDD. From a testing perspective, this may include estimation (by the test system) of data in the uplink response from the device under test, which is possibly associated with some complexity as well as agreements on representative eNode B processing. Standard methods for doing this must also be agreed. However, response to uplink reports based on estimation in the UE could be included in the test cases (e.g. PMI/RI). This would be applicable for both FDD and TDD.   

4 Changes to TS 36.101

Finally we propose an updated framework for covering the TDD part of the enhanced dual-layer transmission in the Rel-9 version of TS 36.101.
8.3
Demodulation of PDSCH (User-Specific Reference Symbols)

8.3.1
FDD
[TBD]
8.3.2
TDD
The parameters specified in Table 8.3.2-1 are valid for TDD unless otherwise stated. 
Table 8.3.2-1: Common Test Parameters for DRS
	Parameter
	Unit
	Value 

	Uplink downlink configuration (Note 1)
	
	1

	Special subframe configuration (Note 2)
	
	4

	Cyclic prefix
	
	Normal

	Inter-TTI Distance
	
	1

	Number of HARQ processes
	Processes
	7

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Precoder update granularity
	
	Frequency domain: 1 PRB
Time domain: 1 ms

	Note 1:
as specified in Table 4.2-2 in [TS 36.211]

Note 2:
as specified in Table 4.2-1 in [TS 36.211]




8.3.2.1
Single-layer Spatial Multiplexing 
For transmission on antenna port 5, the requirements are specified in Table 8.3.2-3, with the addition of the parameters in Table 8.3.2-2 and the downlink physical channel setup according to table [in Annex C.3.2]. The purpose is to verify the demodulation performance using user-specific reference signals with full RB or single RB allocation.
Table 8.3.2-2: Test Parameters for Testing DRS

	parameter
	Unit
	Test [11.1]
	Test [11.2]
	Test [11.3]
	Test [11.4]

	Downlink power allocation
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	dB
	0
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)
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at antenna port
	dBm/15kHz
	-98
	-98
	-98
	-98

	Number of allocated resource blocks
	PRB
	50
	50
	50
	1 (Note 2)

	Note 1:
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Note 2:      Zeros shall be inserted for unused PRBs


Table 8.3.2-3: Minimum performance DRS (FRC)

	Test number
	Bandwidth and MCS 
	Reference Channel
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	[11.1]
	10 MHz
QPSK 1/3
	[R.25 TDD]
	EPA5
	1x2 Low
	70
	-0.8
	1-5

	[11.2]
	10 MHz
16QAM 1/2
	[R.26 TDD]
	EPA5
	1x2 Low
	70
	7.0
	2-5

	[11.3]
	10 MHz
64QAM 3/4
	[R.27 TDD]
	EPA5
	1x2 Low
	70
	17.0
	2-5

	[11.4]
	10 MHz

16QAM 1/2
	[R.28 TDD]
	EPA5
	1x2 Low
	30
	1.7
	1-5


For transmission on antenna port 7 or 8, indicate transmission on one of the ports, could also be the interference test on the other port (co-scheduled that is potentially needed). 

8.3.2.2
Dual-Layer Spatial Multiplexing
Single-user case with two ports and fixed rank two, indicate transmission on two ports, both intended for the user. 
For Rel-10 one can then add a section multi-layer (> 2).
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