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1          Introduction

A WI on Uplink Transmit Diversity (UL TxDiv) for HSPA was approved in RAN#50 [1].  The WI consists of open loop and closed loop UL TxDiv, the latter being handled in RAN1.  This T-doc discusses some aspects of the closed loop UL TxDiv feature.
2          Discussion
The open loop UL TxDiv schemes studied in a previous SI are the Switched Antenna TxDiv (SATD) and the Beamforming TxDiv (BFTD) [2].  For the Rel-11 UL TxDiv WI, the objective is to focus only on the BFTD scheme.  Figure 1 is a high level schematic of a UE supporting BFTD.  Here the signal S is duplicated and each copy is precoded by a vector namely W1 and W2 before they are transmitted via Antenna 1 and Antenna 2 respectively.  These precoded signals are combined at the NB and depending on the precoding vector (W1, W2) applied, a gain (or a loss) can be achieved.
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Figure 1: Beamforming Transmit Diversity schematic at the UE
In a closed loop UL TxDiv, the precoding vectors are determined by the NB based on channel estimations in the uplink and the selected precoding vectors are fed back to the UE.  Finally, the UE applies the precoding vectors on its next transmission.  The required elements to enable this process are:
1) The precoding vectors characteristics (codebook and update rate)
2) The pilot from each UE antenna to enable channel estimation to be performed at the NB
3) The feedback channel
2.1 Precoding Vectors

The set of precoding vectors that the UE can in theory apply is infinite, but usually the NB considers a fixed finite set of precoding vectors in order to make the signalling load and estimation accuracy realistic.  This set of precoding vectors is typically defined by a codebook that is known to the NB and UE.  Thus, the NB needs only to feed back a codebook index to the UE.
Alternatively, instead of sending an index to a codebook, the NB can feed back the required change in phase of the precoding vectors to the UE since the gain (or loss) of BFTD is dependent on the difference in phase between W1 and W2.  A simple implementation is to fix W1 and vary the phase of W2.  The NB decides whether to increase or decrease the phase of W2 by ( (e.g. a fixed amount).  If the size of ( is too small, the signalling latency may prevent the phase being changed fast enough to track the channel.  On the other hand, if ( is too large, the system may not have sufficient granularity.  One solution to this is to allow several levels of phase change to be fed back to the UE, for example, the NB could feed back any of the following 8 values {-4(, -3(, -2(, -(, +(, +2(, +3(, +4(}. 
The absolute or a relative feedback schemes can both result in the same set of precoding vectors being used.  In either scheme, if the UE applies an inappropriate precoding vector, the BFTD gain will be reduced and may even result in a loss.  Figure 2 shows the average gain reduction against the precoding vector index difference for a codebook scheme with 16 pairs of precoding vectors.  The precoding vector index difference is the difference between the optimal precoding vector and what the UE applied.  The plot in Figure 2 is for a UE in Ped-A (which can be considered a worst case) and it shows that the reduction can be as large as 12 dB.  The vertical lines are the standard deviation of the gain reduction.  For UEs in SHO, it is possible that the index difference can be large for the non-serving cells leading to large reduction in gain (i.e. possibly leading to a loss).  This should be minimised, which may require the UE to use a precoding vector different to that signalled by the serving cell in order to reduce the loss in the non-serving cell, so that the precoding vector applied achieve an overall gain (i.e. so that the soft handover gain is not cancelled out by the use of beamforming).
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Figure 2: Gain reduction and index distance

2.2 Uplink Pilots

The NB uses the uplink pilot, sent by the UE, for channel estimation.  Similar to existing implementation, the uplink pilot for both antennas can be carried by the uplink DPCCH.  For UL TxDiv, the UE needs to send two DPCCHs to allow the optimal precoding vector to be estimated at the NB. The two DPCCHs could use different OVSF codes (i.e. Code Division Multiplexing) as shown in Figure 3, where DPCCH 1 is sent by the default antenna whilst DPCCH 2 is sent by the diversity branch.  The TPC/TFCI fields can be carried by both DPCCHs as in Format 1 of Figure 3 or DTX can be used as in Format 2 in Figure 3. The former would in principle allow beamforming to be applied to the TPC/TFCI (same as for the data channel), and also keeps a better power balance between the antennas. 
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Figure 3: Code division multiplexing of DPCCH

Alternatively, the pilots from each antenna could be time multiplexed and sent using a single DPCCH code as shown in Figure 4.  Here the TPC/TFCI field can be placed in the middle as in Format 1 of Figure 4 or after the two pilots (sent by each antenna) as shown in Format 2 of Figure 4.
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Figure 4: Time multiplexing of pilots

One key design choice to be made is whether or not to apply the precoding to the DPCCH(s). If a single code is used for the DPCCH with precoding applied prior to transmission from both antennas, the NB can only estimate the joint transfer function of the precoding plus channel. The NB would need to know explicitly which precoding vector is being used in the current uplink transmission so that it can determine which precoding vector to signal to the UE for the following uplink transmission (otherwise the optimal precoder can only be determined if a second non-precoded DPCCH is transmitted, or if some exploratory phase shifts are applied). One possibility is for the UE to feed back the precoding vector used to the NB by explicit signalling.  This would in any case assist non-serving NBs in soft handover, and may also be beneficial for for decoding purpose.  
For a relative phase change scheme, since the NB need only to signal a relative change to the phase, the precoding vector could more easily be applied to one of the DPCCHs.  The UE does not need to feedback the precoding vector used in the signal as the NB can estimate the channel directly from the precoded DPCCH and the non-precoded DPCCH.
2.3 Power Control

In BFTD, another design decision is whether both antennas should transmit at the same power (as in the case of a phase-only precoding), or whether different transmit powers might be used (for example if SVD is applied to determine the optimum precoding). 
If different transmit powers are allowed, this can either be incorporated in the precoding codebook or by separate power control loops for each antenna. 

At present we assume that a single power control loop would be used which would control the power of both antennas together. Any power imbalance would be handled via the codebook if necessary, although further analysis is required to determine whether such a codebook is worthwhile. 

With a single power control loop, the NB would need to determine the TPC commands based on some combination of the UEs antennas.  The exact method would be a matter for NB implementation.
2.4 Feedback Channel

The precoding information needs to be fed back to the UE very frequently, and eventually to a large number of UEs.  Hence, the physical channel used to carry this feedback needs to be “economical” in the sense that it can signal to a large number of UE very frequently.  A new physical channel could be introduced but this may increase the complexity of the system unnecessarily.  Alternatively, existing “economical” physical channels can be used such as the F-DPCH and E-HICH/E-RGCH.

Ideally, the precoding vector is updated as frequently as possible so that it can offer gain in fast channels.  However, if the feedback information is large (e.g. for codebook with 8 or 16 pairs of precoding vectors), update at every slot may not be feasible.  In this case the UE can update its precoding vectors at every TTI (i.e. the same as for Rel-7 DL MIMO) or alternatively, each slot could contain partial information which can be refined in subsequent slots.
3          Conclusion
In this contribution the processes involved in the closed loop UL TxDiv are investigated.  The following aspects need to be considered:
1) Precoding vectors
a. A codebook needs to be defined. Whether to use absolute or relative feedback needs to be determined
b. Special consideration needs to be given to non-serving NBs in SHO, to minimise gain reduction 

2) Uplink pilots

a. Two pilot fields are needed. 

b. The pilots could be separated in code (CDM) or time (TDM)

c. Provisionally, it seems beneficial to apply the precoding vector to one pilot field
d. The possibility of unequal power allocation between the UE antennas (e.g. via non-uniform precoding vectors) would need to be justified by a gain. Otherwise pure phase rotations should be sufficient
3) Feedback channels

a. An existing “economical” physical channel i.e. F-DPCH or E-HICH/E-RGCH, is preferred to send the feedback. 
b. The update rate of the precoding (and hence of the feedback) needs to be determined. The likely alternatives are once per slot or once per TTI. Provisionally we favour the possibility to update the precoding every slot.  
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