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1 Introduction

TSG RAN has approved the new 4x4 MIMO feature for HSDPA as described in RP-111393, [1]. 

According to [1] as initial work plan for RAN 4 core part was established. 
Because of the need to complete other work items, the work on this feature has been delayed. However it should be noted that the core part is meant to be finished in September 2012 and the performance part is meant to be finished in March 2013. 

A new work plan is presented in a companion document [2]. 

RAN 1 has already considerably progressed the work, however some aspects of the design of the scheme are still to be agreed in RAN1; Nonetheless the work required for RAN4 core and performance requirements can start. 

In this document we start the discussion with an overview of the performance requirements which will be affected by the introduction of this new feature. Document [3] provides the same discussion for core requirements.

2 Discussion

Performance can be divided into 

· UE performance 

· HS-PDSCH demodulation performance

· CSI reporting

· HS-SCCH performance

· BS performance

· HS-DPCCH performance

BS Performance

The need for new demodulation performance for the BS is pending the decisions in RAN 1. RAN 1 has not yet concluded which option for the feedback reporting should be considered. Two options are being discussed: whether to time multiplex PCI in two subframes every 2ms or whether to send all the information in a single HS-DPCCH extended structure subframe.

For the time being the discussion on the introduction of new BS performance requirements is postponed.

UE Performance

HS-PDSCH demodulation

Specification 25.101 covers performance requirements for MIMO 2x2 legacy scheme. The same approach and conditions could be considered for the introduction of the performance requirements for MIMO 4x4.

Under 4x4MIMO scheme 2 additional S-CPICH pilots are considered for the CQI reporting and one or several Demodulation –CPICH (D-CPICH) can be transmitted by the NodeB in order to improve the performance results at high SNR. 

In legacy 2x2MIMO the performance requirements are derived when the precoding is chosen according to the UE reporting. The same follow PCI approach should be considered for 4x4MIMO feature.
All the tests in Section 9.2.4 are define based on PA3 and VA3 channel conditions. The same approach could be considered here, without introducing new performance requirements for higher speed.

2x2 MIMO performance requirements are defined for Hset 9 (with a primary stream 16QAM modulated and the secondary stream, when used, QPSK modulated) and for Hset11 (with a primary stream 64QAM modulated and the secondary stream 16QAM modulated).

The categories for MIMO 4x4 are being discussed in RAN 2. Initial discussions considered the possibility to introduce two new categories under which the UE will be required to support the 4x4 MIMO feature over 2 or 4 carriers. A possibility is indicated in the following table. 
	HS-DSCH category
	Maximum number of HS-DSCH codes received
	Minimum inter-TTI interval
	Maximum number of bits of an HS-DSCH transport block received within

an HS-DSCH TTI
NOTE 1
	Total number of soft channel bits

	Total Numb-er of serving/secondary serving HS-DSCH cells
	Total Number of serving/secondary serving HS-DSCH cells in which MIMO can be configured
	Supported modulations without MIMO operation
or aggregated cell operation
	Supported modulations with MIMO operation and without aggregated cell operation
	Supported modulations without MIMO operation with aggregated cell operation
	Supported modulations with MIMO operation and aggregated cell operation

	Category 37
	15
	1
	42192
	2073600
	2
	2
	-
	-
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM

	Category 38
	15
	1
	42192
	4147200
	4
	4
	-
	-
	QPSK, 16QAM, 64QAM
	QPSK, 16QAM, 64QAM


Additionally RAN 2 is discussing how to indicate the restriction to dual streams. 
It follows that at least performance requirements for 4 layers and 2 layers should be defined according to the full 4x4 MIMO capability and to the introduction of a dual stream restriction respectively.
It is foreseen to define new FRC for 4x4 MIMO with a combination of 16QAM and QPSK and a new FRC with combination of 64QAM and 16QAM. These should be derived as much as possible on existing FRC H-set 9 and H-set 11 (which are already used to define the performance requirements for 2x2MIMO).
According to RAN1 decisions, the maximum number of transport blocks is 2, this as a tradeoff between performance gain and the feedback overhead. Depending on the channel conditions, when 3 layers transmission is possible, one of the transport block is mapped to 2 layers and when 4 layers transmission is possible, both of the transport blocks are mapped to 2 layers.

The legacy 2x2MIMO requirements are defined for both single layer transmission and rank adaptation. In case of 4x4, rank adaptation performance requirements are as well necessary (up to 4 streams should be considered) in order to ensure overall performance benefits. 
It should be noted that the performance requirements for a UE category 37 or 38 should be derived by considering UE capable of demodulating 4 streams. 

Additionally, legacy non MIMO capable UE has the possibility to report the support for MIMO only with single stream restriction; in this case the UE can demodulate only a single stream. The requirements are defined in a separate section by using H-Set 1. 

In case of 4x4 MIMO a similar capability bit is proposed to be used by the UE to indicate the support of 4x4 MIMO network with dual stream restriction. 

In this case the network would be required to restrict the transmission to dual stream for this UE. This is still under discussion in RAN 2. Independently on how the dual stream restriction is signaled, it will be a highly probable transmission mode. Hence, we think that it is important to add performance requirements for dual stream restriction. 

While for MIMO 4x4 minimum performance requirements are derived by considering reference receiver architecture based on a UE capable of decoding 4 streams, for MIMO with dual stream restriction the performance requirements can be derived based at lest on a type 3 UE; it can be discussed further whether performance requirements based on a 4x4 MIMO capable UE need to be added. 
The introduction of performance requirements with single stream could be discussed further.
In summary the proposals are as follow:

Proposal 1: Derive performance requirements when the precoding is chosen according to the UE reporting.
Proposal 2: Use PA3 and VA3 as channel conditions.

Proposal 3: New FRCs for 4x4 MIMO with a combination of 16QAM and QPSK and with combination of 64QAM and 16QAM needs to be defined. These should be derived as much as possible on existing FRC H-set 9 and H-set 11.  
Proposal 4: Introduce performance requirements with rank adaptation with up to 4 links. Requirements should be based on a reference UE capable of decoding 4 streams. 
Proposal 5: Introduce performance requirements with rank adaptation with up to 2 streams based on a receiver type 3. Discuss further whether performance requirements for 2 streams are needed based on a reference UE capable of decoding 4 streams.

Proposal 6: Discuss further whether to introduce requirements for single stream.
3 CQI Reporting
Under legacy MIMO 2x2 scheme the CQI requirements are defined for MIMO single stream and dual stream in fading conditions and only dual streams for static orthogonal conditions. Additionally the requirements for MIMO with single stream restriction in fading conditions are also defined.

Under 4x4MIMO, the requirements which could be added are

-Two streams in static orthogonal conditions and fading conditions 

-Four streams in fading conditions or in static orthogonal conditions  (decision may be based on simulation results).
It can be discussed further whether to add fully test CQI (static orthogonal conditions and fading conditions) for four streams as well. 
Proposal 7: 

Under 4x4MIMO, the requirements which could be added for CQI are

-Two streams in static orthogonal conditions and fading conditions 

-Four streams in fading conditions or in static orthogonal conditions.
4 HS-SCCH performance
The HS-SCCH physical channel is used to signal the information related to the data transmitted on the HS-PDSCH. For 2x2 downlink transmissions the HS-SCCH carries information related to the channelization code set, modulation scheme, transport block size, HARQ process, redundancy and constellation version, and the rank and pre-coding information.  Figure 1 shows the Type 3 structure for HS-SCCH with rank 2 transmission. Please note that for rank 1 transmission requires less number of bits.


[image: image1]
Figure 1: Illustration of the HS-SCCCH slot in Release 7.

In previous RAN 1 meeting it was decided to 
· Extend part I for HS-SCCH type 3 to accommodate extended rank and PCI
· Puncturing pattern and code rate for Part I is FFS
· For Part II, keep the existing structure as that of Release 7 MIMO

Hence a type 4 HS-SCCH will be introduced for 4x4MIMO. Performance requirements need to be defined accordingly. Details will be discussed further. 

Proposal 8: Performance requirements will be needed for HS-SCCH type 4. Details will need to be further discussed.
5 Conclusions

In this contribution we have started a discussion on the impact of 4X4 MIMO on performance requirements. The proposals are as follows:

Proposal 1: Derive performance requirements when the precoding is chosen according to the UE reporting.
Proposal 2: Use PA3 and VA3 as channel conditions.

Proposal 3: New FRCs for 4x4 MIMO with a combination of 16QAM and QPSK and with combination of 64QAM and 16QAM needs to be defined. These should be derived as much as possible on existing FRC H-set 9 and H-set 11.  
Proposal 4: Introduce performance requirements with rank adaptation with up to 4 links. Requirements should be based on a reference UE capable of decoding 4 streams. 

Proposal 5: Introduce performance requirements with rank adaptation with up to 2 streams based on a receiver type 3. Discuss further whether performance requirements for 2 streams are needed based on a reference UE capable of decoding 4 streams.

Proposal 6: Discuss further whether to introduce requirements for single stream.

Proposal 7: 

Under 4x4MIMO, the requirements which could be added for CQI are

-Two streams in static orthogonal conditions and fading conditions 

-Four streams in fading conditions or in static orthogonal conditions.
Proposal 8: Performance requirements will be needed for HS-SCCH type 4. Details will need to be further discussed.
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