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2
References

 [1]
3G TS 25.211 (v3.3.0): "Physical channels and mapping of transport channels onto physical channels (FDD)".

[2]
3G TS 25.214 (v3.3.0): "Physical layer procedures (FDD)".

[3]
R1-00-0867, “Recommended simulation parameters for Tx diversity simulations”. 4-7th, July, 2000, Oulu, Finland, 5 pp.

[4] 
R1-00-0712, “An extension of closed loop Tx diversity mode 1 for multiple Tx antennas”, Meeting #13 22nd,-25th, May, 2000, Tokyo, Japan

[5]
R1-00-0914, “Multipath Tx-diversity simulation results for closed loop mode 1 extended for multiple antennas”, meeting #14, 4-7th, July, 2000, Oulu, Finland.

[6]
R1-02-0117, “3GPP Beamforming vs. Eigenbeamformer”, Meeting #23, 8-11’th January 2002, Korpilampi, Finland.

5.6 Closed loop mode 1 for > 2 Tx antennas: R2FNTM concept

As pointed in [6], there are much of issues that may/will degrade the “optimal” CL 4-Tx-diversity results, and in order to go forward with CL concepts, much of further analysis is needed. This section contains only a basic description (and basic results in 6.2) not trying to give the full analysis.

In the Rel.-99 closed loop mode 1 UE calculates the phase adjustment to be done at the UTRAN access point. This involves the calculation of the phase difference between the signals transmitted from the two antennas. When there are N Tx-antennas, a straight forward extension of the mode 1 is to calculate the needed phase adjustment for each N-1 antennas with respect to the reference antenna and signal those adjustments back to the UTRAN. How fast this information can be communicated to UTRAN depends naturally on the number of antennas and the feedback bit rate. This in turn will determine the sensitivity of the performance to the UE speed, i.e. the performance will deteriorate faster as a function of UE speed if the feedback bit rate is low and N large. As it is not desirable to increase the feedback bit rate from 1500 bps as defined in Rel.-99 methods trying to enhance the performance given the restrictions in feedback signaling need to be studied. 

In Rel.-99 closed loop mode 1 the filtering of the phase adjustments at the UTRAN access point is specified as simple (sliding window) averaging over two consecutive values. This could be denoted as R2F2T2 where R2 denotes the number of constellation sets due to rotation, F2 denotes the filter of length 2 and T2 denotes the 2 Tx antennas. This can be generalized to R2FNTM, that is rotation constellation set per antenna remains the same as in Rel.-99, length of the phase adjustment filter is N, and there are M Tx-antennas.

In order to maintain the same rate of feedback as in the Rel.-99 mode 1, the weight of only one antenna is fed back in one slot. Hence, the actual memory of the filter is (M-1)(N-1) slots. In case of 4 Tx-antennas (M=4), let Z1, Z2, Z3 be the feedback for antennas 2,3,4 respectively, with antenna 1 being the reference antenna. Let N = 4 (R2F4T4). It is clear that in this example case the current antenna weight relies on feedback weights sent 9 slots in the past as illustrated in the Figure 1.
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Figure 1. Filtering of the feedback commands

The filter itself could be of various types but a simple solution is to use the same averaging equation as in the Rel.-99 mode 1.  End of frame adjustments can also be made as in the case of Rel. –99 mode 1. Some of the combinations fed to the filter lead to a filtered output of zero. In those cases, either the previously used antenna weight can be reused, or the next closest weight constellation point can be used.

6
Performance

6.1 Link level simulation assumptions

6.1.6 Closed loop mode 1 for > 2 Tx antennas: R2FNTM concept

Basic link level simulation assumptions described in [3] were used. They are tabulated below:


Table 1. Simulation Parameters

	Parameter
	Value

	Spreading factor
	128

	Data Rate
	12200 bps

	Coding Rate
	1/3

	TTI
	10 msec.

	Common pilot
	-10 dB total

	Velocities
	3,10,30,50, 120 kph

	Feedback bit error rate
	4%

	Power Control
	ON

	FER Target
	1%

	# of antennas
	2,4

	Diversity Method
	CL – R2F2T4

	Wt. Verification
	Ideal

	Pilot Power Allocation
	Symmetric &  
Asymmetric


In the case of asymmetric pilot power allocation, the total pilot power of –10 dB was divided in the ratio of 80:20, with 80% being distributed among the first two antenna pilots and 20% among the remaining two pilots.

6.2
Link level simulation results

6.2.6 Closed loop mode 1 for > 2 Tx antennas: R2FNTM concept

In this subsection, some 1-path results and some vehicular channel results are presented. For the 1-path channel, four different concepts were simulated:

· R2F2T2

· Closed loop mode 1 according to Rel.-99

· Feedback bit rate = 1500 bps

· 4-mode-1

· A benchmark reference case

· Feedback bit rate = 4500 bps

· Phase adjustment calculated separately for the three antennas as in Rel.-99 mode 1 and all the three feedback commands are signaled to UTRAN during 1 slot

· R2F2T4

· Feedback bit rate = 1500 bps

· Phase adjustment calculated separately for the three antennas as in Rel.-99 mode 1 and only one feedback command is signaled to UTRAN during 1 slot

· At UTRAN, two consecutive feedback commands per antenna are filtered.

· R2F4T4

· Feedback bit rate = 1500 bps

· Phase adjustment calculated separately for the three antennas as in Rel.-99 mode 1 and only one feedback command is signaled to UTRAN during 1 slot

· At UTRAN, four consecutive feedback commands per antenna are filtered. 

Figure 2 present the results in 1-path channel. 
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Figure 2 1-Path simulation results for 6 dB Geometry, 1% FER

For vehicular A channel, the R2F2T4 method for 2 Tx antennas was simulated with both symmetric and asymmetric pilot power allocation. The results are given in Figure 3. 
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Figure 3. . Veh A simulation results  for 6 dB geometry and 1 % FER

In general, the performance improvement of up to 4 dB in 1-path channel over the R2F2T2 at low UE velocities seems to be achievable. The best performance over the simulated velocity range is achieved with the benchmark reference case, 4-mode-1, at the expense of higher uplink signaling load.

When the feedback bit rate is limited to 1500 bps, there is a trade-off between feedback command filter length and UE speed. At low speeds the R2F4T4 provides better performance than R2F2T4. Already at speeds around 7-8 km/h the R2F2T4 outperforms R2F4T4. Note that R2F4T4 gives similar performance as 4-mode-1 at the speed of 3 km/h.

The figures also show that there is a slight degradation of performance with unequal pilot power allocations, even though the loss in performance seems to be around 0.5 dB on an average.

There will inevitably be some performance loss if a realistic verification algorithm is applied at UE. Preliminary results for sequence estimation based verification methods for R2FNTM concepts have shown good results. 

7 Impacts to physical layer operation

7.1 R2FNTM concept

R2FNTM based methods require some straightforward definitions on how the feedback for different antennas is mapped to uplink slots, how the end of frame adjustments are done and how the compressed mode operation is defined.

Additional orthogonal dedicated pilot sequences should be defined as many verification methods require the use of them. For dedicated pilot of length > 2 bits it is easy to do.

9
Backwards compatibility to Release-99

9.1 Closed loop mode 1 for > 2 Tx antennas

As Rel.-99 closed loop mode 1 is one instance (i.e. R2F2T2) of R2FNTM solutions there are no special backwards compatibility problems.  
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