3GPP TSG-RAN WG1 Meeting #58bis














     R1-094300
Miyazaki, Japan, 12th – 16th October, 2009
Source: 
Nokia Siemens Networks, Nokia
Title: 
Uplink Transmit Diversity scope and evaluation
Agenda Item:
5.6 – Study on UL Tx Diversity
Document for:
Discussion
Introduction
A Study Item on uplink transmit diversity for HSUPA was approved at RAN#45 with the following scope:
· not requiring any newly standardised dynamic feedback signalling between network and UE

· simultaneous transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming)
This paper reviews the main possibilities for uplink transmit diversity schemes and provides a best case estimate for the link level gain that can be obtained.

Uplink transmit diversity schemes

A number of possibilities exist for uplink transmit diversity schemes, which have differing implications to the terminal and Node B and not all of which fall within the scope of the Study Item.

Alamouti

Alamouti, or STBC transmits pairs of symbols across the two antennas. For optimal performance, an LMMSE receiver may be employed at the basestation.

[image: image1.wmf]s

s

s

Space Time

Block Decoder

Channel

Estimator

h

1

h

2

1

s

*

2

s

2

s

*

1

s

-

-

r(1), r(0)

v(1), v(0)

h

1

h

2

Initial Block

Estimator

(combiner)

Max. Likelihood

Detector

1

~

s

2

~

s

1

ˆ

s

2

ˆ

s

s

s

s

Space Time

Block Decoder

Channel

Estimator

Channel

Estimator

h

1

h

2

1

s

*

2

s

1

s

*

2

s

2

s

*

1

s

-

-

2

s

*

1

s

-

-

r(1), r(0)

v(1), v(0)

h

1

h

2

Initial Block

Estimator

(combiner)

Initial Block

Estimator

(combiner)

Max. Likelihood

Detector

Max. Likelihood

Detector

1

~

s

2

~

s

1

ˆ

s

2

ˆ

s


Clearly, Alamouti requires two transmit paths and two antennas at the terminal. TX power is equal along the two branches, and so in principle, each of the transmit paths can be dimensioned to half the power of the terminal. 

Pilot signals need to be transmitted for both antenna chains with sufficient energy for estimation channel impulse response. At lower data rates, the additional pilot overhead might outweigh the benefits from the TX diversity.
Alamouti encoding could be expected to not negatively impact the soft handover gains as the STBC code would work the same way towards all the cells trying to receive the uplink transmissions.

Dynamic L1 signalling would not be required for Alamouti. Since both the network and the UE would need to be aware of the feature, L3 signalling would be required for activation/deactivation. Nontheless, it appears that Alamouti would fall within the scope of the study item.

Single TX chain open loop regular antenna switching
With single TX chain regular antenna switching, the UE switches between its two transmit antennas at regular intervals; e.g. every slot or TTI. In order to maintain DPCCH SIR, two inner power control loops would be required. For switching every slot, alternating TPC bits would refer to alternating antenna branches; for switching every TTI then the TPC timing would become more complex.
[image: image2.emf]
Only one TX chain would be required, but the terminal would require a switch to be able to switch between antennas. The network would not necessarily need to be aware of the operation of two power control loops and thus the switching could potentially be transparent to the network. However the Node B channel estimation would typically filter channel estimates over several slots, and this process would obviously be significantly disturbed by antenna switching. Thus, in reality the network would need to be aware of the presence of antenna switching.

The regular Tx chain antenna switching could be expected to not negatively impact the soft handover gains as the antenna switching work the same way towards all the cells trying to receive the uplink transmissions.

No new physical layer signalling would be introduced, however the terminal would need to interpret TPC bits as applying to alternating antennas and there would be some difference in the timing of application of power control commands. Thus it is not clear whether this scheme would fall within the scope of the SI.

Single TX chain UE directed antenna switching

With UE directed switching, the UE would switch transmit antennas autonomously according to some algorithm for determining which antenna path would be better. The network could potentially be unaware of the antenna switching, however in practice channel estimation filtering would be affected and the power control loop could potentially be disturbed.

The UE directted Tx chain antenna switching could negatively impact the soft handover gains as the antenna switching would need to be optimized towards single cell or Node B only potentially negatively impacting the reception of other cells in the active set.

No new L1 signalling would need to be introduced and so such a scheme would fall into the scope of the SI.

The terminal would require a single TX chain and a switch between antennas.

Dual TX chain UE directed antenna switching

With dual TX chain UE directed antenna switching, the terminal transmits DPCCHs simultaneously (and on different OVSF codes) from both transmit antennas. The DPCCHs would not be perfectly orthogonal, but would have good orthogonality. Two power control loops are operated, such that the receive SIR would be equal for each branch. The terminal then maps E-DPDCH and E-DPCCH to the branch that has the lowest DPCCH TX power level.
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In principle, such a scheme requires duplication of existing signalling (i.e. DPCCH and TPC), but not new signalling. Whether the scheme would fall within the scope of the SI is unclear. However implementing a Node B algorithm for blind detection of the used antenna branch at the UE would be difficult, and in practice some sort of UL indicator would be required, in which case new L1 signalling would need to be introduced and the scheme would not fit in with the SI description.

Similarly as with single Tx chain antenna switching the impact of the dual Tx chain antenna switching to the soft handover gains could be negative.
At the terminal, two transmit chains would be required. Since they are independently power controlled, it is likely that both chains would need to be dimensioned up to the maximum UE transmit power in order to accommodate the potential dynamic range between antennas

Closed loop beamforming

With closed loop beamforming, the UE transmits the E-DPCCH and E-DPDCH from both antennas, with a phase offset between the transmitted signal from each antenna. The phase offset is determined by the Node B in order to maximise SINR and signalled to the UE.  Two DPCCH pilots need to be transmitted; one relating to each antenna, on different OVSF codes. These will not be fully orthogonal at the receiver (due to the codes being transmitted over different channels), and for low data rates will increase the pilot overhead.
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Power control could be handled in two ways. A single power control loop could be operated, in which case the UE would in principle need two transmit chains dimensioned to half maximum transmit power. The receive SINR at the Node B would then differ from each antenna chain. An alternative is to operate two separate power control loops, one for each antenna, in order to receive equal SINR from each antenna at the Node B. In such a case, the UE would probably need transmit chains dimensioned up to maximum power in order to cope with the potential dynamic range between the antennas.

The impacts to soft handover gains could be negative as the beam could only be optimized towards one Node B potentially reducing the SINR the other cells in the active set are experiencing.

Since signalling is required from the Node B to the UE to indicate the weight vector that should be used, then closed loop beamforming is not within the scope of the Study Item.

Open loop, UE directed beamforming
With open loop beamforming, the UE transmits E-DPCCH and E-DPDCH from two antennas with an applied phase shift, however in this case the UE itself determines the phase offset that should be applied between antennas and potentially, any power offset without additional signalling from the Node B. Since the Node B does not need to estimate optimal phase shifts, a single DPCCH, also phase shifted on each antenna in the same way as the E-DPCCH & E-DPDCH can be used. Furthermore, the granularity of phase difference between the antennas can be much finer than for closed loop beamforming, since no signalling is required.

Similar to the closed loop beamforming, the impacts to soft handover gains could be negative as the beam could only be optimized towards one Node B potentially reducing the SINR the other cells in the active set are experiencing.

In principle, the network need not be aware of the operation of open loop beamforming from the UE. However in practice, the UE autonomously changing phase shifts applied at the antennas would disturb channel estimation at the basestation, and thus network awareness of the application of open loop beamforming could be beneficial

Multiple antenna beam steering

A further technique that could be applied by the UE would be beamsteering towards the basestation from an antenna array. This is likely to be impractical for most types of terminal and is not considered further.

Conclusion

This paper has considered a number of possibilities for UL TX diversity, which are summarised in the table below. For those that are clearly within the scope of the SI, maximum upper performance bounds have been indicated. However there are a number of significant hardware and system factors that should be taken into account in the evaluation and are likely to lead to a performance gain substantially lower than the maximum. 

	
	Within scope of SI ?
	Impact to terminal
	Impact to network
	Additional DPCCH
	Number of power control loops

	Alamouti
	Yes
	2 transmit paths/antennas, dimensioned to half power
	Alamouti decoder needed at Node B
	Yes
	1

	Single path regular antenna switching
	Maybe – requires reinterpretation of TPC
	2 antennas and switch
	Possible to do without network upgrade, although in practice updates to channel estimation and power control may be needed
	No
	1 (Multiplexing between antennas)

	Single path UE directed antenna switching
	Yes
	2 antennas and switch
	Possible to do without network upgrade, although in practice updates to channel estimation and power control may be needed
	No
	1

	Dual path UE directed antenna switching
	Maybe – however signalling of used antenna likely to be required
	2 transmitters / antennas, both dimensioned to max UE power
	Means or signalling to detect used antenna
	Yes
	2

	Equal RX SINR closed loop beamforming
	No
	2 transmitters / antennas, both dimensioned to max UE power
	Support for weight selection and demodulation with correct phase. 
	Yes
	2

	Equal TX power closed loop beamforming
	No
	2 transmit paths/antennas dimensioned to half power
	Support for weight selection and demodulation with correct phase
	Yes
	1

	UE directed open loop beamforming
	Yes
	2 transmit paths/antennas dimensioned to half power
	Possible to do without network upgrade, although in practice updates to channel estimation and power control may be needed
	No
	1
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