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1. Introduction
The following working assumptions were adopted in RAN4#57 for the verification of the enhanced downlink MIMO [1]:
· WA.1: The target completion date for the initial phase requirements is RAN4#59 (May 2011).

· WA.2: The MIMO configuration scenarios prioritize 2-RX architecture (2x2, 4x2, 8x2 MIMO)

· WA.3: Simulation methodology is based on Release 9 DL BF for demodulation.

· WA.4: Band configuration is assumed Non-CA (bandwidth: [10 MHz]) 

· WA.5: Up to 8 transmission antennas are considered in the design
The actual test cases for the single- and multilayer transmission and CSI reporting accuracy were agreed to be discussed during the January Ad-Hoc. In this contribution we provide our views on the verification of the 2 RX demodulation performance. The CSI requirements are discussed in a separate contribution [1].
2. Design principles
The verification of the UE’s demodulation performance in TM9 (antenna ports 7 and 8) has been agreed to follow the same principles as the verification of the TM8 in LTE Release-9 (see WA.3). In essence this implies that the CSI feedback is not accounted in the transport format and precoder selection but a fixed reference channel and random precoders are used instead. 
As a starting point, it would seem reasonable to duplicate the existing TM8 scenarios for FDD mode, as proposed in [3]. While the TM8/FDD is not seen as the most important configuration from the practical deployment point of view, such  arrangement would provide a unified basis for the requirements for antenna ports 7 and 8. The demodulation performance of TM9 could be then verified by a limited set of test cases, focusing on the rate-matching implications of the CSI-RS and PDSCH muting.
PRB bundling

The PRB bundling refers to a feature where the UE may assume that the precoding granularity is multiple resource blocks – a.k.a. precoding resource groups (PRG) – in the frequency domain when corresponding PMI/RI feedback is configured. It is important to emphasize that the bundling was agreed by RAN1 to be optional feature for the UE, implying that the UE should be allowed to perform a single-RB channel estimation, as stated in the minutes of the RAN1 meeting #61 [4]:
“UE may assume, as an implementation option, that precoding granularity is multiple RBs”
In order to comply with the RAN1 agreement and not to limit the UE implementation flexibility, the channel estimation should be carried out per PRB in the simulations targeting for the minimum requirements. The precoding granularity can be then set as one PRB in the frequency domain, as with Rel-9 DLBF. 
Multiuser MIMO
The single-cell multi-user MIMO is supported in Rel-10 by the means of two orthogonal DM RS ports and two scrambling sequences, similar to Release-9 DLBF. Furthermore no dynamic downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB as the one in which the UE is scheduled. Hence the same assumptions regarding the baseline receiver can be used as in Release-9.
Proposal 1: The following reference receiver shall be assumed in the simulations targeting for the minimum requirements i.e. including alignment and impairment simulations:
· 
An MMSE receiver is assumed in all cases including transmission on a single antenna port (7 or 8) without a co-scheduled user on the other antenna port, transmission on a single antenna port (7 or 8) with a co-channel interferer on the other antenna port, and dual-layer transmission on antenna ports 7 and 8.
· 
No explicit information can be assumed about the co-scheduled interfering user.

· 
The channel estimation is carried out per physical resource block (in contrast to per PRG estimation).
3. Verification scenarios for TM9
The purpose of the demodulation requirements for TM9 would be to verify the UE’s performance with regard to the following aspects: 
· 
Correct implementation of the TM9

· 
Rate matching around the CSI-RS
· 
Rate matching around the muted PDSCH resources
Although the PDSCH muting is expected to be utilized in a large scale only from the Release-11 onwards, it would be sensible to verify this feature starting from Rel-10 as to avoid legacy impacts in Rel-11 networks. 
On the other hand, it is not seen necessary to cover all combinations of MCS, channel model, etc, as these aspects are already covered as part of the TM8 requirements. 
The following prerequisites apply for the design, based on the agreed working assumptions:

· 
Bandwidth: single-carrier [10 MHz]
· 
Antenna configurations: 2x2, 4x2, 8x2
Note that the support of 8 CSI-RS ports will be possibly optional to the UE, however this is TBD in RAN1 [5]. 
In addition, the extendibility of the requirements with respective to CA should be taken into account. As some new requirements will be needed to cover the dual-layer 10+10 and 20+20 MHz operation (see [6]), it would seem sensible to make some of the TM9 scenarios extendible to multiple component carriers. Note however that it is FFS whether the single-carrier requirements can be extended over two carriers by a simple scaling of the throughput.
In the light of above discussion, the following (single-CC) requirements could be considered for TM9:
Requirement 1: 
Minimum performance for CDM-multiplexed DM RS without simultaneous transmission
· 10MHz, QPSK-1/3, EVA5, 2x2 low
· 2 CRS, 8 CSI-RS (pattern TBD)
· No PRB bundling 
· PDSCH muting pattern 1 (TBD)
Requirement 2: 
Minimum performance for CDM-multiplexed DM RS with interfering simultaneous transmission
· 10MHz, 16QAM-1/2, EPA5, 2x2 low
· 2 CRS, 4 CSI-RS (pattern TBD)
· No PRB bundling 
· PDSCH muting pattern 2 (TBD)
Requirement 3 and 4: Minimum performance for CDM-multiplexed DM RS and two layers

· 10 and 20MHz, 16QAM-1/3, EPA5, 2x2 low
· 2 CRS, 2 CSI-RS (pattern TBD)
· No PRB bundling 
· PDSCH muting pattern 3 (TBD)
The beamforming model described in Annex B.4 of 36.101 would be applicable to TM9 as such. Note however that the CSI-RS does not need to be transmitted from up to 8 physical antenna elements as the actual CSI feedback is not utilized in the DRS tests. However the CSI-RS would need to be transmitted from one (or two) of the antenna elements described in the beamforming model in order to guarantee a constant total power from OFDM symbol to symbol. The actual channel model would be 2x2 as for the Release-9 DLBF.
4. Conclusions

In the present contribution we provide some further views on the verification of enhanced downlink MIMO in LTE Release 10. The proposals given in the document are summarized below:
Proposal 1: The following reference receiver shall be assumed in the simulations targeting for the minimum requirements i.e. including alignment and impairment simulations:

· 
An MMSE receiver is assumed in all cases including transmission on a single antenna port (7 or 8) without a co-scheduled user on the other antenna port, transmission on a single antenna port (7 or 8) with a co-channel interferer on the other antenna port, and dual-layer transmission on antenna ports 7 and 8.

· 
No explicit information can be assumed about the co-scheduled interfering user.

· 
The channel estimation is carried out per physical resource block (in contrast to per PRG).
Furthermore we outline some possible test cases in Section 3.
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