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1. Introduction

The topic of HSUPA MIMO, together with the related WI on HSUPA TX diversity has been discussed in RAN1 meetings since January 2011. Several options for MIMO operation (considered for simulation purposes) were outlined in [1], whilst a MIMO channel structure was proposed in [2][3].

Key objectives in designing HSUPA MIMO should include maximising commonality to HSUPA TX diversity and maximising commonality to HSUPA single TX antenna operation, from both the Node B and the UE viewpoints. Whilst meeting these objectives, performance should of course be maximised.

This paper outlines a MIMO channel structure similar to [2] and proposes the associated principles of MIMO scheduling, E-TFC selection procedures and signalling that aim to maximise compatibility to TX diversity and non MIMO operation. To achieve this, the following two sections revisit the principles of non MIMO and TX diversity operation, whilst section 4 then extends these principles to HSUPA MIMO.

2. HSUPA Single TX Antenna Operation

This section revisits briefly the principles of HSUPA single TX antenna operation. Figure 1 depicts the HSUPA channel structure. The DPCCH TX power is set by the closed loop power control. The TX power levels for the E-DPDCHs, HS-DPCCH, E-DPCCH and DPDCHs are then defined relative to the DPCCH power level. At high data rates, E-DPDCH is typically transmitted using 3 codes (2*SF4+SF2) and either 2*BPSK or 16QAM modulation. The E-DPCCH is used by the UE to send physical layer signalling information mainly related to E-DPDCH transmission.
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Figure 1 HSUPA single TX antenna channel configuration.

The inner power control loop typically aims to maintain the post receiver SINR at a target SINR level set by the outer loop power control. Thus if the power control loop works well, then the RX SINR should appear reasonably constant. The outer loop power control aims to set and adjust the SINR target for the inner loop such that a given quality target (typically, HARQ retransmission rate) is achieved on the E-DPDCH.

The Node B scheduler aims to manage interference. It does this by means to permitting UEs a specified amount of RX power at the Node B antennas. A UE’s RX power is managed by means of setting a permitted E-DPDCH to DPCCH TX power ratio. Since the DPCCH RX SINR is fixed by power control, setting an E-DPDCH to DPCCH TX power ratio will lead to a known E-DPDCH SINR (and approximately known RX power level) at the Node B. Thus, the Node B scheduler decides on priorities between UEs and allocates each UE according to the priority an E-DPDCH to DPCCH power ratio. (There are, of course, many other features of scheduling, which will not be discussed further in this paper.)

The Node B does not select a data rate for the UE; this is achieved by the UE E-TFC selection algorithm. Associated with each data rate is an E-DPDCH to DPCCH power ratio. The E-TFC selection algorithm can select a data rate that does not exceed the allocated E-DPDCH/DPCCH ratio. A power offset, aimed at adjusting the amount of HARQ transmissions may also be considered by the E-TFC selection algorithm, and will affect the available data rates.

The E-DPDCH to DPCCH ratios are specifically set and optimised. Since the RX DPCCH SINR meets the power control target, selecting a data rate and offset implies that an E-DPDCH SINR appropriate for the data rate is achieved at the receiver.
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Figure 2 HSUPA TX power levels and (idealised) RX SINR.

At low data rates, the DPCCH power is sufficient for channel estimation and demodulation. However at higher data rates, the need for accurate channel estimation increases. It is desirable to keep the DPCCH SINR requirement similar across the full range of data rates. At high data rates, therefore, the E-DPCCH is used as an additional phase reference for channel estimation. This is achieved by means of so-called “E-DPCCH boosting”. The E-DPCCH power offset to DPCCH is increased by an amount dependent on the data rate. This implies an increased RX SINR at the receiver for the E-DPCCH.

At the receiver, the DPCCH is used as a phase reference for E-DPCCH, which is reliably decodable since it is received with a greater SINR than strictly necessary. Then, a further channel estimate is made based on the E-DPCCH and combined with the DPCCH channel estimate. The combined channel estimate is applied for data demodulation.

The amount of E-DPCCH boosting is given as follows [4]:
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That is, the E-DPCCH is boosted sufficiently such that combined with the DPCCH power, the required traffic to pilot ratio (ΔT2TP) can be achieved. The beta_ed offset is set such that when the DPCCH SINR is at the SINR target, the SINR on the E-DPDCH is sufficient for data demodulation.

It should be noted that when E-DPCCH boosting is applied, the Node B scheduler should consider that there is RX power from the E-DPCCH in addition to the E-DPDCH when allocating RoT. E-DPCCH boosting is only applied at high data rates.

3. HSUPA TX Diversity Operation

HSUPA TX diversity is the subject of a current 3GPP Work Item that is not yet complete. However some agreements have already been reached about the structure and operation of HSUPA TX diversity.

The channel structure for HSUPA operating TX diversity is shown in Figure 3 (DPDCH is omitted for convenience). Prior to antenna mapping, the structure is identical to HSUPA, with the exception that a second DPCCH is transmitted. All of the channels except the secondary DPCCH are mapped to 2 transmit antennas using antenna weights w1 and w2, which are set according to signalling from the serving Node B. The secondary DPCCH is mapped to the 2 transmit antennas using weights w3 and w4.
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Figure 3 HSUPA CLTD channel configuration.

Demodulation at the Node B is in principle very similar to HSUPA; since the DPCCH is precoded using the same antenna weights as the rest of the channels there is no immediate need for a Node B to consider beamforming (although channel estimation performance can be improved if the Node B does so).

The secondary DPCCH is transmitted to enable the Node B to carry out weight selection.

Power control is based on the primary DPCCH. Thus, the primary DPCCH should reach the RX SINR target set by the outer loop. Scheduling can operate in the same manner as single TX antenna HSUPA; i.e. the Node B can set an E-DPDCH maximum power offset and the UE can select an E-TFC and set E-DPCCH boosting based on this.

4. MIMO Channel Structure and Operation

A proposed MIMO channel structure is depicted in Figure 4. When rank 2 transmissions are made, an E-DPDCH and possibly E-DPCCH are transmitted using the same precoding weights as the secondary pilot. These channels are termed the “secondary stream” in this paper, whilst the channels transmitted using the same precoding weights as the primary pilot are termed the “primary stream”.
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Figure 4 HSUPA MIMO channel configuration

We propose two methods for system operation of MIMO that maximise reuse of SIMO functionality. The methods differ by how the second stream power is set; with the first method the E-DPDCH power is set the same for the primary and secondary streams, whereas with the second the total stream power is set to be the same between the primary and secondary streams. The preferred scheme for standardisation is FFS.

For either method, the following scheduler operation and signalling is proposed:

· The Node B scheduler considers the current RoT and sets a total E-DPDCH power offset. The Node B can also decide on whether transmission should be rank 1 or rank 2. Alternatively, rank 1 / rank 2 selection could be based on the value of the allocated E-DPDCH power offset; in this case signalling of rank would not be required. 

· The Node B also calculates the difference in post receiver SINR between the primary and secondary DPCCH and on this basis signals an S-DPCCH/DPCCH power offset parameter together with the grant. In principle, the signalled offset is left to implementation, but choosing it such that the post-receiver SINR of both pilots is the same is the most desirable approach in our view. We refer to the beta parameter associated with the power offset as 
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4.1. Method 1: Equal E-DPDCH Power

The UE procedure is as follows.

For Rank 2 transmission, the maximum TX power of the primary E-DPDCH is set equal to primary DPCCH TX power + signalled E-DPDCH power offset less 3dB.

The maximum TX power of the secondary E-DPDCH is equal to the primary E-DPDCH TX power. The secondary DPCCH TX power is set equal to the primary DPCCH TX power, plus the offset signalled by the Node B. Then, the maximum secondary E-DPDCH offset at the UE is set as (maximum secondary E-DPDCH TX power – secondary DPCCH TX power).
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Figure 5 TX power level plan for MIMO. The DPCCH power is set by power control and all other channels relative to DPCCH. E-DPCCH boosting is omitted from this diagram for clarity.

Since the RX DPCCH SINR and S-DPCCH SINR will be the same and hence sufficient to maintain the BLER target on E-DCH, the UE can operate the single stream E-TFC selection algorithm on both of the two streams based on the power offset available for each stream. The selected E-TFC on the second stream will be lower than the primary stream due to the lower S-EDPDCH to S-DPCCH offset, however the correct SINR on both channels to maintain the E-DCH BLER will be achieved.

E-DPCCH boosting can operate individually on each stream as required, in the same manner as in single stream HSUPA.

4.2. Method 2: Equal Stream Power

The UE procedure is as follows.

For Rank 2 transmission, the maximum TX power of the primary E-DPDCH is set equal to primary DPCCH TX power + signalled E-DPDCH power offset less 3dB.

The UE then calculates the primary stream total power as:
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and sets the secondary stream power equal to the primary stream. The secondary stream E-DPDCH power is then:
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Thus, the UE can calculate the secondary stream E-DPDCH to S-DPCCH ratio.

Since the RX DPCCH power on both streams will maintain the correct SINR to maintain the BLER target, the UE can operate the single-stream E-TFC selection algorithm on both of the two streams based on the power offset available for each stream. E-DPCCH boosting can operate individually on each stream as required, in the same manner as single stream HSUPA.

4.3. Discussion

It should be noted that the above framework facilitates transmission of S-E-DPCCH on the second stream. Since the S-DPCCH meets the RX SINR, the S-E-DPCCH will meet the SINR required for decoding. Furthermore, since the S-E-DPCCH can be boosted and used for channel estimation, it does not necessarily represent an additional overhead.

Another thing to note is that setting the S-DPCCH TX power such that the RX SINR is equivalent to the power control target means that the same E-TFC set, together with existing E-TFC selection algorithm can be reused in the UE for both the primary and secondary stream. An alternative approach would be to construct a separate secondary stream’s E-TFC set with an E-TFC dependent S-DPCCH SIR target; this is not precluded by the current proposal.

5. Conclusion

A channel structure and operation principles for HSUPA MIMO have been described that maximises as far as possible commonality with single antenna and TX diversity operation, and maintains link efficiency for the second stream. In particular, the following functionality operates the same with dual stream MIMO as with single stream transmission:

· Outer and inner loop power control

· Node B RoT based scheduling

· E-TFC selection for the primary stream

· E-TFC selection for the secondary stream

· E-DPCCH boosting for the primary stream

· E-DPCCH boosting for the secondary stream

· HARQ on the primary stream

· HARQ on the secondary stream

The required signalling to support MIMO is then as follows:

· Node B E-DPDCH grant (as today for SIMO HSUPA)

· S-DPCCH power offset with respect to DPCCH

· TBC: Rank indicator (it may be possible to simply infer the rank from the E-DPDCH grant level)

Proposal: Node B grant signalling for rank-2 UL transmission should include an S-DPCCH/DPCCH Tx power offset.

The text proposal [5] includes the above described power offset description.
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