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1. Introduction 

During RAN#50 a new work item, Tx Diversity for HSUPA has been agreed [1]. One of the issues is the signaling of precoding vector, which has to be a trade-off between the feedback frequency, codebook size, power & code consumption and expected gains. In this contribution we are analyzing possible schemes of sending precoding information from node B to UE. 

2. Analysis of precoding vector signaling

In this section a series of simulations is presented with a variety of combinations of PCI feedback frequency and PCI codebook sizes. Simulation assumptions can be found in Annex A.

The below plots show the TX Ec/N0 gains over baseline case (transmission from single antenna with receive diversity in the node B). 
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Figure 1 – TX Ec/N0 gains assuming PCI update period of 1 slot
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Figure 2 – TX Ec/N0 gains assuming PCI update period of 1 TTI (2ms)

It can be seen, that the difference between 2 and 4 bits codebook is not significant.

Another observation that can be made, is that for the UEs moving at a slow pace, 1 update of precoding weights per 3 slots is sufficient, there is almost no difference between updating precoding vector once per slot or TTI. On the other hand, if a UE is moving with a velocity equal to 30 km/h, it is better to reduce codebook size than to reduce feedback frequency.

Taking the above into account the flexible approach of switching between two ways of sending precoding feedback should be considered. One (TTI-wise signalling) is feasible for slowly varying channels while the other (slot-wise signalling) is useful in channels where the coherence time is short. Using this mixed approach will ensure that the gains of using Close Loop Transmit Diversity will be high in a variety of cases.

On the other hand, results presented in [3] indicate that slot-wise phase updates lead to significant link performance penalty with suboptimal receiver processing. This motivates a less frequent, TTI-wise update rate.

Regarding the PCI feedback mechanism itself, F-DPCH as well as E-AGCH based mechanisms should be studied once the decision on the codebook size is taken [2].

3. Summary

In this contribution we have analyzed the gains of various combinations of feedback frequency and codebook sizes. 

For slowly varying channels it has been noted that there is almost no difference in gains in slowly varying channels between a reporting period of 1 and 3 slots.

For the cases, in which the UE has been moving with a velocity of 30kmph, this difference becomes visible.

As the way forward, we recommend adopting one of the following aproaches:

· A 4-entry codebook with TTI-wise signalling for both CL TD and MIMO, OR

· A 4-entry codebook with TTI-wise signalling for both CL TD and MIMO, as well as a 2-entry codebook with slot-wise signalling for CL TD only.
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ANNEX A 

Simulation assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI 
	2 ms

	Modulation
	BPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	optimized for best link performance

	20*log10(βec/βc) [dB]
	2

	Number of H-ARQ Processes
	 8

	Target Number of H-ARQ Transmissions
	  1

	BLER target
	30%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic, 3 slots FIR

	Tx weight selection
	Realistic, based on the channel estimates

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay
	2 slots

	UL TPC Error Rate
	4%

	Precoding weight feedback error rate
	4%

	Propagation channel , velocity
	PA3, PA30, VA3, VA30

	NodeB receiver type
	Rake Receiver

	BF codebook size
	16, 2, 4

	Long term antenna imbalance [dB]
	0

	UE Tx antenna correlation
	0

	Tx weight reporting period  [slots]
	1, 3

	Tx weight feedback delay
	2 slots

	UE DTX
	OFF

	Precoding option
	Precoded pilots, 1 CL power control


ANNEX B

Simulation results

PedA3

	PCI bits
	PCI per TTI
	bits/TTI
	bits/sec
	Rx EcN0 [dB] 
	Tx EcN0 [dB]

	1
	3
	3
	1500
	-0.29
	1.99

	2
	3
	6
	3000
	-0.27
	2.43

	4
	3
	12
	6000
	-0.27
	2.56

	1
	1
	1
	500
	-0.279
	1.98

	2
	1
	2
	1000
	-0.277
	2.41

	4
	1
	4
	2000
	-0.26
	2.55


PedA30

	PCI bits
	PCI per TTI
	bits/TTI
	bits/sec
	Rx EcN0 
	Tx EcN0

	1
	3
	3
	1500
	0.12
	1.37

	2
	3
	6
	3000
	0.19
	1.71

	4
	3
	12
	6000
	0.17
	1.79

	1
	1
	1
	500
	-0.185
	0.9

	2
	1
	2
	1000
	-0.103
	1.19

	4
	1
	4
	2000
	-0.09
	1.29


VehA3

	PCI bits
	PCI per TTI
	bits/TTI
	bits/sec
	Rx EcN0 
	Tx EcN0

	1
	3
	3
	1500
	-0.41
	0.71

	2
	3
	6
	3000
	-0.36
	1.07

	4
	3
	12
	6000
	-0.36
	1.16

	1
	1
	1
	500
	-0.39
	0.72

	2
	1
	2
	1000
	-0.34
	1.08

	4
	1
	4
	2000
	-0.36
	1.16


VehA30

	PCI bits
	PCI per TTI
	bits/TTI
	bits/sec
	Rx EcN0 
	Tx EcN0

	1
	3
	3
	1500
	-0.26
	0.48

	2
	3
	6
	3000
	-0.21
	0.72

	4
	3
	12
	6000
	-0.24
	0.77

	1
	1
	1
	500
	-0.408
	0.21

	2
	1
	2
	1000
	-0.375
	0.39

	4
	1
	4
	2000
	-0.37
	0.45





































































































