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1. Introduction

At RAN#54 the Work Item on UL MIMO was agreed [1]. In the Study Item stage, some key technical points on UL MIMO such as transmission architecture, inner loop power control, the secondary stream scheduling etc. are fully discussed, and several physical schemes are captured in TR25.871 [2]. 
In this contribution, we give some detailed analysis on physical technical points for UL MIMO which will be specified, as well as present proposals on some physical schemes.
2. Objectives
The objective of this work item is to specify the support of uplink 2x2MIMO with 64QAM as an additional uplink modulation scheme for HSUPA, including:
· Specification of uplink 2x2 MIMO together with 64QAM modulation for E-DCH/HSUPA:

a. Specification of L1 aspects of uplink 2x2 MIMO with 64QAM HSUPA, including applicable channel, code and gain factor combinations

b. Specification of L2/L3 aspects of uplink 2x2 MIMO with 64QAM HSUPA

c. Specification of Iub/Iur support for uplink 2x2 MIMO with 64QAM HSUPA

d. Specification of Node B and UE requirements for an agreed set of radio conditions/environments

e. Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

· MIMO and 64QAM shall be operable together

· The functional specification should not preclude operating MIMO with lower modulation orders than 64QAM

· The functional specification should not preclude operating 64QAM without MIMO

· The new UE categories to be introduced shall include at least a category for simultaneous MIMO and 64QAM operation

a. Other UE categories (16QAM MIMO, QPSK MIMO, 64QAM no-MIMO) should be discussed during the WI
· Introducing the functionality in the relevant specifications of

a. UL data channel structure

b. UL and DL control channel structure

· The work should focus on reusing existing structures as much as possible. 

c. L2/L3 protocols

d. UTRAN network interfaces

e. UE RF core requirements with the work task breakdown 

3. Physical Technical Points

As well-known, MIMO provides spatial multiplexing gain which brings peak rate improvement by the allowance of a larger transport block size or more transport blocks. Consequently, some signalling requirements or physical procedure are needed to support MIMO. In this section, we analyze the physical schemes for the system solution design.

3.1 Transmission Structure
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Figure 1 An example for transmission structure of UL MIMO
The transmission structure as described in the TR on UL MIMO [2], includes two orthogonal precoding vectors used for the two spatial streams. Two pilot channels are transmitted for channel sounding and data demodulation. The two pilot channels are precoded using the two orthogonal precoding vectors which are the same as CLTD. Legacy data and control channels are pre-coded using the primary vector. The main difference in UL MIMO respect to UL CLTD is that a second data and control channels are also transmitted, and they are pre-coded using the secondary vector, as shown in Figure 1. The secondary E-DPCCH can also be pre-coded using the primary vector since the primary stream has better performance. For high SNR application scenario, it is most likely that the primary data stream is operating with the 2xSF2+2xSF4 channelization code configuration. To simplify the receiver it is reasonable that also the secondary data stream is operating with 2xSF2+2xSF4 configuration. 
In the transmission structure Node B determines the precoding vector which maximizes the primary SNR, and informs the UE through the downlink signalling. The UE applies the precoding vector on the physical channels and transmits from two antennas.

The structure shown in Figure 1 is a good architecture for UL MIMO because of its backward compatibility. When the secondary stream is not transmitted, UE can readily fall back to CLTD by turning off the data transmission and its control channel on the secondary stream. 
3.2 Rank Adaptation
Rank-2 transmission is applied only in high SNR condition since under the same transmission power, each stream undergoes more interference including inter-code interference and inter-stream interference than rank-1 transmission in which the stream is only interfered by inter-code interference. Consequently, in low SNR condition rank-1 transmission gets better performance than rank-2 transmission. Therefore, introducing rank adaptation between rank 1 and rank 2 is appropriate. Rank adaptation is adopted by Node B to maintain the maximal throughput in every scheduling period to keep the throughput gain of MIMO. 

3.3 Power Control

For HSUPA in Release 6, inner loop power control adjusts UE transmit power in order to keep the received uplink DPCCH signal to interference ratio (SIR) at a given SIR target (SIRtarget). At the same time outer loop power control adjusts SIRtarget according to BLER of E-DCH. The E-DCH SNR therefore should keep a linear relation with DPCCH SIR in order that E-DCH BLER can be guaranteed. 
In order to keep the basic principle in MIMO, two alternatives of power control may be utilized, single loop power control (the primary DPCCH based power control) or two independent loops power control. In single loop power control, the primary DPCCH SIR is estimated, the primary DPCCH power is adjusted and the secondary stream is adjusted accordingly. In addition, the primary SIRtarget is adjusted according to the primary E-DPDCH decoding BLER. The primary DPCCH based power control is simple for implementation but it cannot ensure the BLER of the secondary E-DPDCH. 
Alternatively, two independent power control loops are considered, in which both the primary and secondary SIRs are estimated, and their own powers are respectively adjusted. In addition, the primary SIRtarget and secondary SIRtarget are adjusted according to the primary and secondary E-DPDCH decoding BLER, meaning two independent power control outer loops.
Having independent power control loops is undesirable since independent adjustments lead to DPCCH and S-DPCCH powers that vary independently in each slot. This would create imbalance for channel estimation for precoding estimation and therefore NodeB needs to take into account the relative power offset. Additional signalling would be necessary to inform Node B about the power variations at each slot which would be additional overhead besides causing performance degradation when this feedback signalling is received in error. 
3.4 Scheduling

Scheduling is required to guarantee the quality of service and to maximize the system throughput and efficient utilization of the air interface resources. Traditionally, Node B estimates the air interface load and calculates the allowed scheduling grant for each UE which stands for the load each UE can possess. Subsequently, UE chooses the transport block size according to the E-TFC selection algorithm.

For MIMO, based on the single loop power control, the primary and secondary stream should have the same transmission power, and both primary and secondary DPCCH are used to calculate the load factor in the legacy scheduling algorithm. Additionally, to ensure the quality of the secondary stream, it may be necessary to introduce rate adaptation in the scheduling to dynamically adjust the TBS assigned to the second data stream.
3.5 Control information in uplink
E-DPCCH carries the E-TFCI, RSN and happy bit for the transport block transmission. If two transport blocks are transmitted, a secondary E-DPCCH needs to be introduced for E-TFCI, RSN indication and happy bit indication if necessary.

When the secondary E-DPCCH is introduced, it needs to be decided the I/Q branch the secondary E-DPCCH is transmitted on, the OVSF code , the pre-coder vector, power allocation, etc.

Furthermore, when the UE is power limited or has small traffic to send, the UE can determine between single or dual stream transmission. Node B judges the actual transmitted rank by detecting one (single stream transmission) or two (dual stream transmission) E-DPCCH signals. 

3.6 Control information in downlink

Similarly to UL CLTD, in the downlink the serving Node B is commonly regarded as the entity deciding the pre-coding vector for the uplink and the UE then applies the selected precoding vector to transmission. The serving Node B calculates the PCI which maximizes the total throughput or the primary SIR to get the PCI information. In addition, the serving Node B determines the rank by comparing the total throughput of single stream and dual streams to get the rank information. Furthermore, the HARQ feedback and secondary grant indicator should be signalled to the UE.
4. Conclusion
In this contribution, we provide some initial discussion on several aspects of UL MIMO. 
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