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1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. The BS demodulation performance requirements were initially discussed at RAN4#64-Bis meeting on the basis of [2]. This contribution presents further proposals which may help to define final BS performance requirements for HSUPA MIMO transmission in terms of E-DPDCH and S-E-DPDCH channels demodulation.
2 Discussion
According to WI description, the introduction of MIMO and 64QAM for HSUPA transmission allows for new UE categories.  These categories shall include at least a category for simultaneous MIMO and 64QAM operation. Other categories are 16QAM MIMO, QPSK MIMO and 64QAM no-MIMO. At RAN4#64-Bis meeting RAN4 has decided to prioritize the requirements for UL MIMO without 64QAM and deliver the results under the Rel-11 timeframe. The requirements related to the 64QAM modulation will be consider for a future release [3]. Therefore Rel-11 will include only two new UE categories, which are 16QAM MIMO and QPSK MIMO and for these categories new BS demodulation requirements should be evaluated first.
2.1 General approach
Current BS performance requirements in TS 25.104 specify E-DPDCH demodulation tests by defining the channel conditions and setting the system in the operational mode with no power control, a fixed configuration of the transmitted physical channel (a Fixed Reference Channel – FRC) including a fixed E-DPDCH TBS, and active H-ARQ. Then the RX Ec/No values needed to achieve the throughputs of 30% and 70% of the maximum data transmission rate are provided as the requirements. The maximum data transmission rate is the throughput of a corresponding FRC with no errors and H-ARQ retransmissions.
The existing approach for E-DPDCH demodulation testing is proposed to be directly extended for UL MIMO E-DPDCH and S-E-EDPDCH demodulation. No principal changes relative to the SIMO case are observed. 

Proposal 1: The existing approach for E-DPDCH demodulation testing can be directly extended for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
2.2 Fixed Reference Channel models
For SIMO transmission, the pre-receiver SNR (RX Ec/No) is set in the requirements and the equalization performance is implicitly controlled by setting the sustained data rate. MIMO transmission is only different that in additional to inter-symbol interference (experienced for SIMO) inter-stream interference is added. Hence, the same approach of setting an FRC and specifying the system throughput requirement can be taken.
Proposal 2a: The existing approach of setting an FRC and specifying the system throughput requirement can be taken for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
New FRCs need to be defined for MIMO transmission. A MIMO FRC has to include all the physical channels to be used for MIMO transmission (e.g. both E-DPDCH and S-E-DPDCH). Alternatively, the existing FRCs may be extended for rank-2 MIMO transmission, i.e. by defining the S-E-DPDCH/DPCCH and S-E-DPCCH/DPCCH ratios (for a given coding rate) and the TBS for the S-E-DPDCH channel. 
For UL MIMO transmission in rank-2, RAN1 has agreed that four S-E-DPDCH channels with 2xSF2 + 2xSF4 combination will be transmitted in radio link. In TS25.104 there are already defined fixed reference channels for transmission with QPSK (FRC3) and 16QAM (FRC8) which use the same physical channels combination (2xSF2 + 2xSF4). To appropriately extend these FRCs, additional power ratios should be calculated for a coding rate in a range of 0.703, 0.704.
Proposal 2b: Extend already existing FRCs for the purpose of rank-2 MIMO transmission.
If either FRC3 or FRC8 will not be directly extended for the purpose of UL MIMO and completely new FRCs will be defined, they could at least follow the same slot formats as used for FRC3 (slot format 7 and 6) and FRC8 (slot format 9 and 8) [4].

Proposal 2c: If completely new FRCs will be defined for rank-2 MIMO transmission they can be based on slot format combinations (7,6) and (9,8).
2.3 Channel models extension
The set of the reference MIMO channels should encompass different combinations of low and high multipath profiles (e.g., Ped A and Veh A) and low and high correlation between the TX and RX antennas (e.g., 0 and 0.7 correlation coefficients for channel impulse responses from different antennas). Only low mobility channels (e.g., corresponding to 3 km/h UE speed) should be considered as the MIMO is primarily targeted for this class of UEs.
Proposal 3: Only low mobility channels should be considered as the HSUPA MIMO reference channels.
2.4 Approach to throughput evaluation 
The requirements can be set separately for the throughputs of the E-DPDCH and S-E-DPDCH channels or a sum throughput requirement can be defined. Defining a sum throughput requirement will leave more freedom for Node B implementation and make simpler the specification as well as the testing procedure.
In case of adopting separate requirements to the E-DPDCH and S-E-DPDCH throughputs, because of the relationship between the post-receiver SINR for E-DPDCH (S-E-DPDCH) and the pre-receiver SINR which is different for MIMO (due to additional interstream interference) than for SIMO, new requirements in terms of RX Ec/No will need to be defined (i.e. the existing requirements for the E-DPDCH cannot be reused).

Proposal 4a: Sum throughput of E-DPDCH and S-E-DPDCH channels should be defined as the demodulation performance requirement for HSUPA MIMO. 
As MIMO transmission is mostly targeted towards the increase of peak data rate for UEs experiencing favorable channel conditions, the achievable data rates requirements of 30% and 70% relative to the maximum possible data rate of the FRC can be substituted by a single requirement of 70%. Or that value can even be increased (to 90%, for example).
Proposal 4b: Single requirement of 70% relative to the maximum possible data rate of the FRC can be applied for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
Conclusion 

In this contribution the initial set of the proposals for BS demodulation performance requirements for HSUPA MIMO was discussed:

Proposal 1: The existing approach for E-DPDCH demodulation testing can be directly extended for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
Proposal 2a: The existing approach of setting an FRC and specifying the system throughput requirement can be taken for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
Proposal 2b: Extend already existing FRCs for the purpose of rank-2 MIMO transmission.

Proposal 2c: If completely new FRCs will be defined for rank-2 MIMO transmission they can be based on slot format combinations (7,6) and (9,8).
Proposal 3: Only low mobility channels should be considered as the HSUPA MIMO reference channels.
Proposal 4a: Sum throughput of E-DPDCH and S-E-DPDCH channels should be defined as the demodulation performance requirement for HSUPA MIMO. 

Proposal 4b: Single requirement of 70% relative to the maximum possible data rate of the FRC can be applied for UL MIMO E-DPDCH and S-E-EDPDCH demodulation.
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