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1
Introduction

A work item on MIMO with 64QAM for HSUPA was started in [1]. The WI follows from the study conducted on UL MIMO and summarized in the technical report [2]. In this document, we address the impact on the UL control channels due to UL MIMO operation.
2

Discussion
The details of the uplink data and the DL controls channels are presented in [3], [4]. For purposes of the discussion on the downlink channels, it is assumed that 2 transport blocks would be used for UL MIMO operation.
2.1
Secondary DPCCH (S-DPCCH)

A secondary DPCCH was introduced in CLTD to facilitate channel sounding in order to allow the NodeB to derive a suitable beamforming vector based on the strongest Eigen mode. The NodeB needs to estimate the 2xn MIMO channel  (n= 2 or 4 Rx antennas) between the UE and the NodeB. For this purpose, it is imperative that the UE transmit a secondary pilot channel such that the 2x2 channel can be sounded at each NodeB Rx antenna. This requirement holds true even if UL CLTD is extended to UL MIMO. In fact when a second stream is transmitted, a secondary pilot also serves as a phase reference for the purpose of data demodulation of the second stream. In the following, we refer to this secondary pilot channel as S-DPCCH.

The channelization code specified for the S-DPCCH transmission could be re-used for UL MIMO as well. An important design consideration is the amount of power required on the S-DPCCH. Since S-DPCCH serves as a phase reference to data demodulation on the second stream, as the data rates (or TBS) increase on the second stream S-DPCCH power will need to be boosted accordingly. In other words, similar to S-DPCCH in CLTD, we would need to introduce the principle of S-DPCCH boosting in UL MIMO to support high data rate transmission on the secondary stream.


2.2
E-DPCCH and Secondary E-DPCCH (S-E-DPCCH)
For UL MIMO scheme using two transport blocks, new signalling is necessary to carry the E-TFC information corresponding to the second data stream. This could, for example, be accomplished by a new channel referred to as the S-E-DPCCH channel. 

When the UE transmits two streams simultaneously, the E-DPCCH and S-E-DPCCH information bits for both streams need to be transmitted in the same TTI on the uplink.

A few design options exist here:

· Option 1: 

· Encode 10 bits of UL control channel (E-DPCCH and S-E-DPCCH) for each stream independently using the legacy E-DPCCH channel coding scheme. 

· Transmit E-DPCCH for stream 1 using the primary precoding vector and S-E-DPCCH for stream 2 using the secondary or orthogonal precoding vector. 

· The channelization code index of each of the E-DPCCH (SF = 256) as well as whether to transmit on I or Q branch needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 2: 

· Encode 10 bits of UL control channel (E-DPCCH and S-E-DPCCH) for each stream independently using the legacy E-DPCCH channel coding scheme.  

· Transmit both E-DPCCH for stream 1 S-E-DPCCH for stream 2 using the primary precoding vector.

· The 60 (30*2) channel bits at the output of the encoder are I/Q multiplexed into a single channelization code (SF = 256).

· The channelization code index of the E-DPCCH needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

· Option 3: 

· Same as Option 2 except that the spreading factor of the E-DPCCH is reduced by a factor of 2 to accommodate the doubling of channel bits from 30 to 60.

· The channelization code index of the E-DPCCH (SF = 128) as well as whether to transmit on I or Q branch needs to be determined based on a careful cubic metric analysis that takes into account the other channels that are also simultaneously transmitted.

We have a preference for Option 2 for the following reasons:

· Both E-DPCCHs are transmitted on the stronger Eigen mode of the MIMO channel.

· Reuse as is both channel coding and physical channel definition of existing E-DPCCH.

· I/Q multiplex both the E-DPCCH on the same channelization code

Proposal 1: S-E-DPCCH is transmitted using the primary precoding vector 

Proposal 2: S-E-DPCCH is encoding using legacy E-DPCCH channel coding.
Further study is needed to determine if the S-E-DPCCH is to be ‘boosted’, i.e., sent at a higher power in case high TBS values are used on the second stream. If boosting is applied, distributions of the available transmit power between the E-DPCCH and S-E-DPCCH and other physical channels needs to be determined.

2.3
Setting of the uplink S-DPCCH powers relative to DPCCH power

In Rel-7, when high data rates were considered on the uplink, the concept of E-DPCCH boosting was introduced. In particular, as shown in [5], the pilot set point (Ecp/Nt) could differ significantly (as much as 21.4 dB) between low to medium data rates and high rates. A boosted E-DPCCH serves as an enhanced pilot reference when very high data rates are used.
In the candidate physical channel structure considered here, since S-DPCCH is intended to serve as a phase reference to the S-E-DPDCHs, the same concept of E-DPCCH can be extended by boosting S-DPCCH when S-E-DPDCH is transmitted. In particular, the formula from 25.214 can be reused for the purpose of S-DPCCH power setting where βec is replaced by βsc (power setting on S-DPCCH) and βed represents the power on the S-E-DPDCH.
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Proposal 3: S- DPCCH is boosted in UL MIMO similar to UL CLTD.
3
Conclusions
The uplink control channels that would need to be introduced for UL MIMO operation are discussed. The following proposals are made:
Proposal 1: S-E-DPCCH is transmitted using the primary precoding vector 

Proposal 2: S-E-DPCCH is encoding using legacy E-DPCCH channel coding.
Proposal 3: S- DPCCH is boosted in UL MIMO similar to UL CLTD.
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