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1 Introduction
The baseline MIMO scheme for Rel-7 was agreed at TSG RAN#32 to be dual-codeword MIMO based on D-TxAA. It has since then been further elaborated in RAN1. The current status of the RAN1 work on MIMO is presented in an LS from RAN1 to the other working groups in [1]. 

MIMO performance requirements should be based on the tests designed for HSDPA today, but focus should be on the additional aspects and properties of MIMO. The foremost of those are:

· The 2x2 antenna configuration and dual stream transmission.

· The potential for very high data rates with dual streams.

· The new CQI and ACK/NACK reporting mechanism and HS-SCCH configuration handling both single and dual streams.
Some considerations for creating performance requirements were made in a contribution to RAN4#39 in Shanghai [2], but at that time the present MIMO scheme was not yet agreed in TSG RAN. This contribution outlines how the aspects above relate to the performance requirements needed for the agreed Rel-7 MIMO scheme.
2 Important aspects of testing the D-TxAA MIMO scheme
The D-TxAA scheme agreed for MIMO at RAN#32 and documented in [3] is Dual-codeword MIMO based on D-TxAA, with the weights being signalled on the HS-SCCH in the downlink. Figure 1 shows a transmitter chain for the D-TxAA scheme. 

[image: image1.emf]   

DeMux  

Turbo   Enc  

Modulation   Spreading  

Turbo   Enc  

Modulation   Spreading  

11

w

22

w

12

w

21

w

Scrambling  

Scrambling  

CPICH 1  

CPICH 2  

0

1

*

*





s p

p p

w w

w w











































































 















   

4

7

j

4

5

j

4

3

j

4

j

2

1

e

1

2

1

,

e

1

2

1

,

e

1

2

1

,

e

1

2

1

   

w

w

w


Figure 1 Transmitter chain for the D-TxAA MIMO scheme. Note that for single stream transmission, it is equivalent to Tx diversity except for the updating of weights.
In the LS from RAN1 [1], some further agreed properties of the D-TxAA scheme are reported. The following would have a direct impact on the performance requirements to be defined by RAN4:
· There are now two UE Categories defined for Rel-7 MIMO, doubling the peak data rate of the existing Rel-5 Categories: Category 9 with 15 codes and 2x10 Mbps and Category 10 with 15 codes 2x14 Mbps peak data rate. Those two UE categories are not included in existing HSDPA performance requirements.
· If the Node B schedules 100% of the HS-PDSCH power on a single stream transmission on the preferred primary beam forming vector or 50/50 on the preferred primary and secondary vectors respectively, it can assume that the data rates indicated by the reported CQIs for those respective cases will be supported by the UE as defined by RAN4 requirements.
· If the Node B schedules in another way than according to the preferred vectors as outlined above, there is no guarantee that the data rates indicated by the reported CQI for the respective cases is supported. This implies that the Node B behaviour defined in the RAN4 performance requirements should be “ideal”, meaning that the preferred beam forming vectors should be applied for tests.

· A CQI signalling scheme including both “single stream CQI” and “preferred single/dual stream CQI” and a defined ration between the reporting intervals is specified. This would impact CQI testing, but not performance requirements using FRC.

· A downlink signalling structure is specified with a single HS-SCCH containing part 1 + part 2 and two formats for part 2 selected dynamically based on information in part 1. This impacts HS-SCCH performance requirements that should be defined for both single and dual stream.

· In case of dual stream, two separate ACK/NACK for the two streams will be jointly encoded in one HS-DPCCH TTI.
The most obvious additional aspect of defining MIMO performance requirements is the 2x2 antenna configuration. We then need to define channel models and possible correlation properties:
· There are reasons to select the same channel models as for HSDPA requirements for continuity and to give a reference for the performance.

· It is proposed in [2] to use uncorrelated IID channel models as for the Type 3 receiver performance requirements. This would stress MIMO functionality of the receivers for the most demanding high data rates. Correlated channels would give lower data rates which are not as demanding for the receiver and should therefore not be a limiting case. There could be reasons to have correlated channels for CQI testing, this is further discussed below. If correlation is to be introduced, it can be based on correlation properties derived from the SCM, while the actual channel model could still be the same as for the uncorrelated case.
3 UE performance requirements for MIMO (TS 25.101)
The requirements existing today for HSDPA in TS 25.101 are

· Demodulation of HS-DSCH (25.101 clause 9.2)

· Reporting of CQI (25.101 clause 9.3)

· HS-SCCH detection (25.101 clause 9.4)
The same type of tests can apply to MIMO as outlined below.

3.1 Demodulation of HS –DSCH

Receiver performance when demodulating HS-DSCH should be tested using a Fixed Reference Channel (FRC). There was a long discussion for HSDPA how to use a Variable reference channel (VRC) to capture the dynamics of receiver performance in fading, CQI reporting and scheduling through HS-SCCH, but it was found to not be feasible. The same conclusion applies here.

With FRC, there can be separate minimum requirements defined for dual and single stream performance, since the transport format is then fixed. Using the proposed uncorrelated channel in the dual stream case, the minimum performance will be set at a high peak data rate and the interference suppression properties between streams will also be targeted by the test. 

For MIMO there will only be two UE categories tested, Category 9 and 10, with 20 and 28 Mbps peak rate respectively.
3.2 Reporting of CQI
The present CQI scheme with both AWGN and fading performance requirements can be re-used. An additional parameter to set for the requirement is the reporting ratio between “single CQI” and “single/dual CQI” reporting.

In AWGN the variance of the reported CQIs is determined and the BLER performance are determined when the transport format indicated by the reported CQI median (and at points above and below the median) are used to confirm that the CQI median corresponds to 10% BLER. The channel parameters should be set to an orthogonal AWGN channel, in order to provide two independent streams. This should make dual streams preferred by the UE. Statistics for the two streams should be collected and assessed separately.

In fading conditions, the accuracy of the CQI reporting is determined through the BLER performance when the transport format indicated by the reported CQI median (and at a point above that) is used. It would be preferable to use uncorrelated channels also for CQI testing and then have separate parameter settings for single and dual stream performance. Statistics for the two streams and for single stream transmission are then collected separately.
3.3 HS-SCCH detection
The performance of HS-SCCH detection is in HSDPA determined by measuring the probability that when the UE is signalled on the HS-SCCH, there is no ACK/NACK response observed in the corresponding HS-DPCCH field. The MIMO scheme has a difference in that Part 1 of the HS-SCCH field identifies single/dual stream and also what Part 2 will look like. Since a misinterpreted Part 1 will result in that Part 2 cannot be correctly received, the UE should respond with DTX.
Performance requirements for both single stream and dual stream scheduling should be defined, either separately or through a pattern of single/dual stream scheduling as proposed in [2].

3.4 Performance limits

The performance requirements above need to be derived with an assumed reference receiver architecture. A first assumption could be a per-stream LMMSE receiver structure (Type 3), with an additional agreed assumption of how much interference suppression that the receiver can do.  Further simulations can be done with vendor-specific algorithms.
4 Base station performance requirements for MIMO (TS 25.104)
There are two present requirements for the base station that also relate to MIMO performance:
· Time alignment error in Tx Diversity (25.104 clause 6.8.4)

· Performance of ACK/NACK detection for HS-DPCCH (25.104 clause 8.10)
4.1 Time alignment error

The time alignment requirement is defined for Tx diversity, but will also be needed for MIMO. The minimum requirement needed for time alignment in case of MIMO will need further study.
4.2 Performance of ACK/NACK detection for HS-DPCCH
For HS-DPCCH demodulation, there are requirements for ACK false alarm (false ACK detection when there is DTX) and ACK mis-detection (NACK/DTX detected when ACK is transmitted). The same type of requirements will be needed for MIMO. 
A single stream performance requirement will look the same as the existing one for HSDPA. In case of dual stream where the two ACK/NACKs will be jointly encoded in the same TTI, the false alarm and mis-detection error cases can still look the same, it should be defined as a separate performance requirements..

4.3 New base station requirements

For downlink MIMO to work properly, performance requirements on the base station power transmitted in the two antennas will be needed. Important minimum requirements will be needed on
· Power imbalance between Tx chains

· Pilot power imbalance

Improper power balance will affect the validity of the CQI estimate. Exact definition and the proper level of these requirements are for further study.

5 Conclusion
The status and level of known details for the Rel-7 MIMO scheme allows RAN4 to start defining the appropriate performance requirements. This contribution has outlined the scope of that task. Such an activity could commence in parallel with the finalisation of the MIMO scheme that is ongoing in RAN1.
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