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1 Introduction

A WI to introduce MIMO with 64QAM for HSUPA has been approved in [1].  This aims to enable higher throughput to be achieved in the uplink.  In the previous meeting, the agreements on uplink data channel structure and design for UL MIMO are summarised as follows:

· Two independent transport block structure, no interleaving across streams

· One ACK/NACK per TB – double the number of HARQ processes

· DPCCH, HS-DPCCH, E-DPCCH and E-DPDCHs sent as in UL CLTD using the primary precoding vector

· S-DPCCH is sent as in UL CLTD using the secondary precoding vector

· DPDCH, if sent and allowed to coexist with MIMO is sent on the primary precoding vector

· S-E-DPDCHs sent on the orthogonal precoding vector

· S-E-DPDCHs can only be present when E-DPDCHs are sent with 2xSF2+2xSF4

· S-E-DPDCHs can only be sent with 2xSF2+2xSF4, can be revisited if a motivation for other configurations is identified

· S-E-DPCCH used to indicate the format used on S-E-DPDCHs

· Precoding vector of S-E-DPCCH is FFS

· The Node B signals the TPI to be applied by the UE using the F-TPICH as in UL CLTD

· Single inner power control loop as in UL CLTD and UL SIMO, a possible modification to the power control, where the power changes at TTI boundaries only is FFS

· The E-DPDCHs and the S-E-DPDCHs are sent with equal power

As the next step, the following open issues were identified:

In addition, the following open issues were identified:

· How is the SG interpreted with rank2?

· Is the βed for an E-TFC recalculated for the primary stream when rank2 transmissions occur?

· How is the second stream E-TFC selection controlled?

· How does the second stream E-TFC selection compensate for the lower SINR?
This contribution discusses the transport block sizes for UE performing rank 2 transmission in light of these open issues.

2 Discussions
It was agreed that two independent transport blocks are transmitted in UL MIMO, with no interleaving across the two streams.  The E-DPDCHs are sent via the primary stream whilst the S-E-DPDCHs are sent via the secondary stream.  Figure 1 illustrates the power allocation for the physical channels of interest for UL MIMO (note: HS-DPCCH, E-DPCCH & S-E-DPCCH are not shown).  As per the agreement, the E-DPDCHs and S-E-DPDCHs powers are the same.  
If the grant used for transmission for the secondary stream were defined with reference to S-DPCCH, then the secondary stream grant would always be greater than or equal to that of the primary stream. This is because S-DPCCH power is always less than or equal to that of the DPCCH.  
A common reference power for both E-DPDCHs and S-E-DPDCHs in calculating a grant is therefore preferred.
Proposal 1: The grant for the secondary stream is defined as the power ratio of the S-E-DPDCHs to the DPCCH.
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Figure 1: Physical channel power allocation for UL MIMO
Typically, in a rank 2 transmission, the secondary stream (with a smaller Eigen value) suffers from poorer SINR compared to that of the first stream.  Since the E-DPDCHs and S-E-DPDCHs powers are equal and if assuming the common denominator is the DPCCH power in the grant definition, both streams would have the same grant leading to the same transport block size.  We discuss below some possible mechanisms for handling the differences in SNIR between the first and second streams in this case:
1. A conservative approach where the outerloop power control is based on the quality of the secondary stream.  This would raise the DPCCH power which would lead to higher transmit power on all other channels..  A further difficulty with this approach is that in a channel environment with variable rank, the secondary stream may not last long enough for the outerloop power control to react.

2. An aggressive approach where the outerloop power control is based on the quality of the primary stream.  This would force the secondary stream to adopt whatever transport block size the primary stream would use.  Since the secondary stream has a poorer SINR than that of the primary stream, this may cause high error rates on the secondary stream, leading to large numbers of HARQ retransmissions and possibly a high residual BLER.

3. An intermediate approach where the transport block sizes are set at a level that is lower than what the primary stream can achieve but higher than what the secondary stream can achieve.  This would still cause a higher-than-desired residual BLER on the secondary stream and under utilise the primary stream. It could be argued that in this case the average residual BLER across the two streams could satisfy the QoS requirement; however, the optimum capacity of the radio channel would not be achieved, because the link adaptation would not be matched to either of the dominant eigenmodes.  
4. Unequal transport block sizes for the primary and secondary streams.  Here the primary stream is able to use the transport block size that it can achieve whilst the secondary uses a smaller transport block size that is matched to the quality of the secondary stream. The secondary stream transport block size could be derived via an offset to what would be selected using the legacy E-TFCI selection procedure (which can also be viewed as an offset to the transport block size of the primary stream if the grants in both primary and secondary streams are the same).  The offset can be fixed or dynamic.

The 4th scheme, where the transport block sizes are allowed to be unequal between the two streams, it is the only one that does not force the secondary stream to use a transport block size at which it cannot achieve the desired residual BLER for the configured QoS or lower the transport block size of the primary stream.  
Proposal 2: The transport block sizes for the primary and secondary streams can be different. This is configured via a signalled offset in the E-TFC to SG mapping for the secondary stream. 
The scheduling grants allow the NB to control the RoT.  With UL MIMO, it is necessary to introduce a rank grant in addition to the existing power grant, to indicate when the UE is allowed to transmit with rank-2. Further study is needed to identify how best to transmit the rank grant to the UE. 
If a rank grant of 2 simply doubles the power grant, the transmit power of the UE, and hence its contribution to the RoT, would have a 3dB increase whenever the rank grant increased from 1 to 2; this could be counteracted if necessary by reducing the power grant at the same time, but it is not obvious how to take into account the fact that the UE might decide not to transmit with rank-2. In general, this does not seem a good way to manage the RoT at the NB predictably. 

Alternatively, if the E-DCH power grant is treated as a single total power allocation for both streams, it can be independent of the rank grant, and if the UE decides to transmit rank-2 then it simply divides the power grant equally between the two streams.  The power grant used for E-TFC selection on each stream would then be half the total power grant. In this way, the UE needs only keep track of a single Serving Grant that is shared between the two streams, and the NB can predictably control the RoT regardless of the actual rank transmitted by the UE.
Proposal 3: A rank grant is transmitted to the UE to indicate the maximum rank the UE may transmit with.

Proposal 4: The Serving Grant indicates the total power permitted for the sum of all E-DPDCHs & S-E-DPDCHs transmitted by the UE, regardless of the transmitted rank. 

Proposal 5: If the UE transmits with rank-2, the E-DPDCH (& S-E-DPDCH) power given by the SG is split equally between the two streams, and the E-DPDCH (& S-E-DPDCH) power used for E-TFC selection on each stream is half the total power grant.
3 Conclusion
In this contribution we discuss the grants that are used in the primary and the secondary streams for UL MIMO.  We propose the following:
Proposal 1: The grant for the secondary stream is defined as the power ratio of the S-E-DPDCHs to the DPCCH.

Proposal 2: The transport block size for the primary and secondary streams can be different. This is configured via a signalled offset in the E-TFC to SG mapping for the secondary stream.
Proposal 3: A rank grant is transmitted to the UE to indicate the maximum rank the UE may transmit with.

Proposal 4: The Serving Grant indicates the total power permitted for the sum of all E-DPDCHs transmitted by the UE, regardless of the transmitted rank. 

Proposal 5: If the UE transmits with rank-2, the E-DPDCH (& S-E-DPDCH) power given by the SG is split equally between the two streams, and the E-DPDCH (& S-E-DPDCH) power used for E-TFC selection on each stream is half the total power grant.
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