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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 [2] the revised RAN 4 work plan was approved in meeting RAN 4 64 as follows.
· Until RAN#57 (September, 2012)

a. Discussion and decision on the work plan
· Until RAN#58 (December, 2012)

b. In RAN 4 64bis (October 2012)

i. Core part:

1. Discussion and decision on the RF requirements which need simulations
2. Agree initial simulation assumptions for developing relevant RF core requirements

c. In RAN 4 65 (November 2012)

i. Core part:

1. Initial simulation results for RF core requirements (TAE, EVM, S-CPICH accuracy)

2. Agree final simulation assumptions for developing relevant RF core requirements

3. Initial discussion on other RF core requirements

ii. Performance part

1. Initial discussion on the plan for the performance requirements (HS-PDSCH, CSI, HS-SCCH, HS-DPCCH)

· Until RAN#59 (March, 2013) RAN 4 66 (January/February 2013)

iii. Core part:

1. Practical simulation results for RF core requirements

2. Agree on the RF core requirements

3. CR for the introduction of the BS core requirements

iv. Performance part

1. Agree on initial simulation assumptions for HS-PDSCH, HS-SCCH and if required for HS-DPCCH.
· Until RAN #60 (June, 2013)

d. In RAN 4 66bis (April 2013)

i. Ideal simulation results for performance requirements

ii. Initial discussion on the plan for CQI requirements (which tests to add? Single stream, dual stream, 4 streams? Both static orthogonal conditions and fading conditions?

e. In RAN 4 67 (May 2013)

i. Practical simulation results for performance requirements

ii. Initial simulation results for CQI reporting 

· Until RAN #61 (September 2013), RAN 4 68 (August 2013)

i. CR for the introduction of performance requirements

ii. Practical simulation results for CQI reporting

iii. CR for the introduction of CQI requirements

In TSG RAN 57 there was the decision to shift to Rel-12 all the features which can not be completed before RAN 58 (December 2012). 4x4 MIMO has been already concluded in other working groups RAN 1-3 and only core part is missing in RAN 4 perspective. Hence it is proposed to complete the RAN 4 core part by December 2012 to make sure that this feature is part of Rel-11.

Hence in this document we discuss and provide proposals for S-CPICH and D-CPICH power accuracy.
2 RF core requirements which needs simulations
As discussed in [2] the core requirements which needs discussion are

· Third and fourth S-CPICH power accuracy

· Third and fourth D-CPICH power accuracy

· EVM

· TAE

In the following we provide the simulations results for pilots power accuracy.
Power accuracy
The S-CPICH has been introduced for legacy MIMO operation as the pilot for the secondary antenna. The power level of the secondary CPICH is defined as the sum of the P-CPICH power and the power offset which is signalled to the UE via an information element. The requirement is defined as he difference between P-CPICH power transmitted at the first antenna connector and the S-CPICH power transmitted at the second antenna connector: This shall be within ±2 dB of the IE “Power Offset for S-CPICH for MIMO” (as defined in 25.104).

When this study was carried on some companies showed negligible performance loss due to inaccuracy of the S-CPICH w.r.t P-CPICH while other companies showed higher impact. In order to take into account these discrepancies it was mentioned in the specifications (via the introduction of a note) that the accuracy level of the power offset for S-CPICH may affect both MIMO HS-DSCH demodulation and CQI reporting performance. Additionally, it was mentioned in 25.141 that If the manufacturer declares the implementation of a Virtual Antenna Mapping (VAM), then this test will not be performed (25.141).
Under 4x4 MIMO in RAN 1 it was decided to use 2 additional Secondary common pilots, S-CPICH on antenna 3 and 4, which would be used by the UE in order to perform correct channel estimation on all the received links. The power level is defined as for the legacy S-CPICH as the sum of the P-CPICH power and the power offset which is signalled to the UE.
In addition to S-CPICH pilots which are considered for the CQI reporting, one or several Demodulation –CPICH (D-CPICH) can be transmitted by the NodeB in order to improve the performance at high SNR.  The offset level is defined w.r.t P-CPICH as for legacy S-CPICH.
Typical power levels for S-CPICH is -13dB when no D-CPICH is used and -19dB when D-CPICH is used. These values have been defined as tradeoff between sufficient 4x4MIMO performance benefits and small impact on 2x2 UEs in a 4x4 MIMO cell; the power level of D-CPICH is likely to be higher wr.t. the S-CPICH on antenna 3 and 4, in the order of -13dB and they were shown to be useful only at medium/high geometry level. 
In the following we provide closed loop simulations in order to check the pilot power accuracy impact.  

The following conditions have been considered for the simulations:

· Closed Loop MIMO 
· PA3 channel

· Pilot powers

· Case 1: S-CPICH high power. Checking the impact of S-CPICH accuracy. 
· P-CPICH=10dB

· S-CPICH2=-13dB

· S-CPICH3 = -13 + Delta 

· S-CPICH4 = -13 + Delta
· Case 2: S-CPICH low power. Checking the impact of S-CPICH accuracy.
· P-CPICH=10dB

· S-CPICH2=-13dB

· S-CPICH3 = -19 + Delta 

· S-CPICH4 = -19 + Delta

· D-CPICH3= -13

· D-CPICH4= -13

· Case 3:
· P-CPICH=10dB

· S-CPICH2=-13dB

· S-CPICH3 = -19 

· S-CPICH4 = -19 

· D-CPICH3= -13 + Delta

· D-CPICH4= -13 + Delta
· Delta = [-2 : 2] dB
· Number of possible streams = 4

· Geometry Ior/Ioc: 0, 10, 15dB

· Modulations: QPSK, 16QAM, 64QAM

· Receiver structure: MIMO capable LMMSE

· Channel estimation: realistic

· 0 antenna correlation

· No of HARQ processes  6
· Max No of HARQ transmissions 4

· Precoding Codebook: as defined in RAN 1

· Feedback delay 6ms (3 TTI)
It should be noticed that the accuracy of the legacy S-CPICH is defined via the offset as  ±2 dB. In order to achieve this accuracy level the P-CPICH power should be transmitted with at least ±1dB accuracy which has been already tightened significantly with respect to the legacy transmission (legacy P-CPICH accuracy level of ±2.1dB). Additionally the actual accuracy level achieved by the transmission chain for the legacy S-CPICH should be as well ±1dB which results in a overall accuracy at the UE of ±2 dB because of the relative signaling.

The same assumption on the P-CPICH power accuracy can be considered for four branch MIMO.  And hence we study here the performance for Delta = [-2 : 2] dB.

Figure 1 shows the performance for case 1, Figure 2 are the performance for case 2 and Figure 3 are the performance according to case 3.
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Figure 1. Simulation results for case 1
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Figure 2. Simulation results for case 2
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Figure 3. Simulation results for case 3.

From these figures the following can be noticed:
High power  S-CPICH (-13dB) is insensitive wrt power accuracy for low geometries while more sensitive for higher geometries.  
High power S-CPICH (-13dB) will be used mostly for low SNR conditions while low power S-CPICH will be used together with D-CPICH at high SNR.
Low power S-CPICH (-19dB) is insensitive wrt power accuracies for both low and high geometries.
At high geometries D-CPICH will be likely configured. In that case the worst case degradation is in the same order of magnitude as for legacy MIMO due to S-CPICH pilot accuracy for legacy dual branch MIMO. 
Additionally it should be noted that a static worst is not necessarily representative of the typical case.

As done for legacy MIMO a better model would consider a certain statistical properties of the accuracy, for example a Uniform distribution or a Gaussian distribution.

In case of Uniform distribution the throughput loss at high geometry would be ~2-3% . 
Additionally it should be noted that the values defined in 3GPP are minimum requirements and thus it can be expected that typical accuracies will be better.
Hence, by considering the above mentioned observations and considering the flat behaviour of the performance wrt the accuracy level of the S-CPICH on antennas 3 and 4 at low geometries and high geometries it can be motivated to keep the same requirements for the S-CPICH on antenna 3 and 4 for four branch MIMO as for legacy dual branch MIMO. 
Thus, we propose to keep the same requirements for S-CPICH under four branch MIMO as for legacy dual branch MIMO: S-CPICH on antenna 2, 3 or 4 will be transmitted with an accuracy of ±1 dB, i.e. the difference between P-CPICH and S-CPICH2,3 or 4  shall be within ±2 dB of the corresponding IE for four branch MIMO. 
For D-CPICH it is proposed as well to reuse the same level of accuracy: D-CPICH 3 and 4 will be transmitted with an accuracy of ±1 dB, i.e. the difference between P-CPICH and D-CPICH 3 and 4 shall be within ±2 dB of the corresponding IE.
Proposal 1: the difference between P-CPICH and S-CPICH transmitted on antenna 2 shall be within ±2 dB of the IE “Power Offset for S-CPICH for MIMO mode with four transmit antennas on Antenna2”.
the difference between P-CPICH and S-CPICH transmitted on antenna 3 and 4 shall be within ±2 dB of the IE “Common Power Offset for S-CPICH for MIMO mode with four transmit antennas on Antenna 3 and 4”.
Proposal 2: the difference between P-CPICH and D-CPICH transmitted on antenna 3 and 4 shall be within ±2 dB of the IE “Common Power Offset for D-CPICH for MIMO mode with four transmit antennas on Antenna3 and 4”.
Additionally the same handling in case of implementation of VAM should be applicable here:
Proposal 3: If the manufacturer declares the implementation of a Virtual Antenna Mapping (VAM), four branch MIMO pilot power accuracy test will not be performed. This will need to be captured in 25.141.
3 Conclusions
 In this contribution we have started the discussion on the impact of the introduction of four branch MIMO on BS core requirements, in particular for the pilot power accuracy. The following is proposed:
Proposal 1: the difference between P-CPICH and S-CPICH transmitted on antenna 2 shall be within ±2 dB of the IE “Power Offset for S-CPICH for MIMO mode with four transmit antennas on Antenna2”.
the difference between P-CPICH and S-CPICH transmitted on antenna 3 and 4 shall be within ±2 dB of the IE “Common Power Offset for S-CPICH for MIMO mode with four transmit antennas on Antenna 3 and 4”.
Proposal 2: the difference between P-CPICH and D-CPICH transmitted on antenna 3 and 4 shall be within ±2 dB of the IE “Common Power Offset for D-CPICH for MIMO mode with four transmit antennas on Antenna3 and 4”.
Proposal 3: If the manufacturer declares the implementation of a Virtual Antenna Mapping (VAM), four branch MIMO pilot power accuracy test will not be performed. This will need to be captured in 25.141.
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