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1. History: Rel’99 TxAA versus STTD (comments on R1-02-0117)

In R1-02-0117, as a prelude to discussions on 3GPP Beamforming vs. the proposed Eigenbeamformer, Nokia suggest that when all system imperfections are taken in to account, the performance of closed loop mode transmit diversity (and mode 1 in particular) only offers advantages over open loop transmit diversity (STTD) in a relatively small set of system scenarios.

Motorola have conducted system level assessments of the performance of closed loop mode 2. The results presented in this section are derived from hybrid link/system simulations. These simulations model the radio links for multiple users placed in the coverage area of multiple base stations. Pathloss, shadowing, fast fading (uncorrelated and correlated : TR 25.869), uplink power control, downlink power control, noisy channel estimates and TPC and FBI feedback errors are all modelled. The transmit diversity schemes modelled were STTD (with channel estimates taken from CPICH) and R99 Closed loop mode 2 with Progressive Refinement and Verification as defined in TSGR1#15(00)1087. Specifically it should be noted that the following items were modelled:

· Soft handover, with active set size of up to 3 radio links and with an window size for joining the active set of 5dB (this results in roughly 1/3 of users being in SHO).

· FBI error rate of 8% on the “best” uplink cell, with higher error rates on the other radio links of active set according to fading/pathloss differences with the “best” uplink cell.

· Noisy channel estimates from CPICH and dedicated pilots used for weight vector selection, verification, and for the channel estimates used within the UE’s RAKE receiver.

· UE speeds in the range 3 to 120 km/h

These items correspond to those factors which were cited in R1-02-0117 as being the cause of the performance loss of closed loop transmit diversity compared to the ideal case.

The simulations estimate the post-RAKE receiver SIRs for the population of users. In these results capacity is defined as the point where 10% of (20ms) TTIs have average SIR below a reference SIR, the reference SIR being the target SIR minus the TPC adjustment step. Moreover, 4 Pilot symbols (8 Pilot Bits) and 16 Pilot symbols (32 Pilot bits) are considered, while keeping the same power between the DPCCH Pilots and DPDCH data symbols. A summary of results is provided in the following Table 1 and plotted in Figure 1.
	UE speed (km/h)
	Number of DL dedicated pilot s
	Channel type
	Antenna Correlation
	Estimated capacity gain of Closed Loop Mode 2 over STTD

	3
	16
	1 path
	uncorrelated
	43%

	3
	16
	2 paths, equal av. powers
	uncorrelated
	38 %

	3
	4
	3 paths, equal av. powers
	uncorrelated
	14 %

	10
	16
	2 paths, equal av. powers
	uncorrelated
	37 %

	10
	16
	2 paths, equal av. powers
	macro cell [TR 25.869]
	25 %

	30
	16
	1 path
	uncorrelated
	32 %

	30
	16
	2 paths, equal av. powers
	uncorrelated
	27 %

	30
	4
	3 paths, equal av. powers
	uncorrelated
	8 %

	60
	16
	1 path
	uncorrelated
	25%

	60
	16
	2 paths, equal av. powers
	uncorrelated
	18 %

	60
	16
	2 paths, equal av. powers
	macro cell [TR 25.869]
	24 %

	60
	4
	3 paths, equal av. powers
	uncorrelated
	3%

	120
	16
	1 path
	uncorrelated
	9%

	120
	16
	1 path
	macro cell [TR 25.869]
	37%

	120
	16
	2 paths, equal av. powers
	uncorrelated
	5 %

	120 
	4
	2 paths, equal av. powers
	uncorrelated
	-3 %

	120
	16
	2 paths, equal av. powers
	macro cell [TR 25.869]
	17 %

	120
	4
	3 paths, equal av. powers
	uncorrelated
	- 6%

	120
	4
	3 paths, equal av. powers
	macro cell [TR 25.869]
	7 %


Table 1 : Capacity gains for various channel conditions
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Figure 1 :  Capacity Gain of Rel99 CL Mode 2 vs STTD as function of speed

The results demonstrate gains over a wide range of scenarios, and do not seem to be consistent with Nokia’s statements in R1-02-0117.

Note that with 16 dedicated pilots, there is no loss in performance for Closed Loop Tx Diversity relative to STTD at 120km/h. With 4 dedicated pilots, there is a small loss at 120km/h. This can be rationalised as follows. In the limit at very high UE speeds, the applied weighting at the node B results in randomly varying gain and phase adjustments. If the UE can estimate what adjustments were applied, and hence use the common pilots for channel estimation, then in this case the closed loop scheme should perform similarly to Phase Shift Transmit Diversity (PSTD). PSTD itself has been shown to perform similarly to STTD in Rayleigh faded channel conditions (in terms of deinterleaved and decoded performance). Hence with ideal verification at the UE the performance of closed loop transmit diversity at high UE speeds should be similar to STTD. With non-ideal verification [TSGR1#15(00)1087], the performance at high speeds will approach that of STTD as the number of downlink dedicated pilot bits increases and verification becomes more reliable.
2. Text Proposal for TR 25.869 on Tx Diversity mode 2 extensions to more than 2 transmitting antennas 

The attached text proposal is a re-submission of the proposal made in R1-02-0122 at the TSG-RAN WG1 meeting #23. It was agreed that this text proposal would be included into the TR if no objections were raised between meeting#23 and meeting#24. At the time of writing no such objections have been raised.
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-------------------------------START of the PART 1 of the TEXT --------------------------------------------------

5.5
Closed loop transmit diversity mode 2 with reduced states for 4 elements

Similar to Rel-99 closed loop Tx diversity systems, the weights of transmit antennas are determined at a mobile station and fed back to the base station. The set of weights at the UTRAN-AP w= [w1 w2 …wi… wM]T, where wi is a complex weight associated with the ith Tx antenna are chosen to maximize P below: 




[image: image7.emf]Rel99' CL Mode 2 vs STTD

-10

0

10

20

30

40

50

3 10 30 60 120

Speed

Capacity Gain over STTD

4 Pilot Sym, 3 Paths, Uncorr

16 Pilot Sym, 2 Paths, Uncorr

16 Pilot Sym, 1 Paths, Uncorr

16 Pilot Sym, 2 Paths, Correlated

,
(5)

where H=[h1 h2 …hi…hM] and M is the number of Tx antennas. The column vector hi represents an estimated channel impulse response for the ith Tx antenna, and its vector length equals to the number of paths. 


	
	

	
	

	
	

	
	

	
	


Two extensions of the Rel’99 closed loop transmit diversity mode 2 for the case of  4 elements are considered with 4 phases and 8 phases states per element as defined in Table x1 and Table x2 respectively.

Table x1. FSM of modified closed loop mode 2 (4p0g) signalling message per element
	FSM
	Phase difference between antennas

	00
	(/4

	01
	3(/4

	11
	-3(/4

	10
	-(/4


Table x2. FSM of modified closed loop mode 2 (8p0g) signalling message per element
	FSM
	Phase difference between antennas

	000 
	0

	001
	(/4

	010
	3(/4

	011
	(/2

	100
	-(/4

	101
	-(/2

	110
	(

	111
	-3(/4


Therefore 6 bits and 9 bits feedback per slot are needed  for the update of the antenna coefficients for 4p0g and 8p0g respectively . If we consider 1 bit feedback per slot, Progressive refinement (as described for Rel 99 Closed loop transmit diversity Mode 2) is used to update the antenna coefficients. 

5.5.1
Format of Feedback Information



The uplink feedback information signalling is similar to the Rel-99 mode 2, that is using progressive refinement both at the UE and UTRAN-AP.   The only change is the number of states, at the UE, to be compared for maximising 
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, is increased due to 4 elements instead of 2 (Rel 99). The FSM (Tables x1 and x2) corresponding to coefficient of the antenna 2, 3 and 4 are sent successively.
-------------------------------END  of the PART 1 of the TEXT ------------------------------------------------

-------------------------------START of PART 2 the TEXT proposal in “Section 6 : Link Level Simulations” …-----
6.2.4
Closed loop transmit diversity mode 2 with reduced states for 4 elements



The performance of the 4-elements extension of Rel-99 mode 2, mode2_4p0g and mode2_8p0g, are compared here to the Rel-99 CL Tx diversity mode 1 and mode 2. For performance comparison, Rel-99 Mode 1 is used as reference. The results below are obtained with ideal verification assumption, that is channel estimation is based on CPICH.
6.4.1 Closed loop transmit diversity mode 2 (4p0g and 8p0g) with reduced states for 4 elements

tAble xx : Simulation assumptions.

	Bit Rate
	12.2 kbps

	Chip Rate
	3.84 Mcps

	Convolutional code rate
	1/3

	Carrier frequency
	2 GHz

	Power control rate
	1500 Hz

	PC error rate
	4 %

	PC Step Size
	1 dB total

	Channel model(s) and UE velocities
	Modified ITU Ped. A and Veh A : 3 to 70 km/h



	Number of Rake Fingers
	2 fingers for ITU Ped. A  Channel and 4 fingers for Veh A

	CL feedback bit error rate
	4 %

	CL feedback delay 
	1 slot

	TTI
	20 ms

	Target FER/BlkER
	1 %

	Geometry (G)
	0 dB

	Common Pilot
	-10 dB total

	Correlation between antennas
	Pico, Micro and Macro models

	Channel Estimation
	CPICH pilots and Ideal Verification

	CL feedback rate
	1500 bps


6.4.1.1  Modified ITU Ped. A (ETRP) and Veh A (ETRV) : channel estimation from CPICH assuming Ideal verification
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Figure x+2 :  4-elements reduced state mode 2 (4p0g and 8p0g) for uncorrelated channel
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Figure x+3 :  4-elements reduced state mode 2 (4p0g and 8p0g) for micro-cell channel
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Figure x+3 :  4-elements reduced state mode 2 (4p0g and 8p0g) for macro-cell channel

6.4.1.2 Discussions

6.4.1.2.1 UnCorrelated channel case
Based on the results shown , it can be observed that for the case of 1500 bps, i.e 1 bit feedback per slot, the gain obtained by the extended mode 2 with reduced phase states (Mode 2-4p0g) relative to Rel 99 Mode 1, ranges from 3.7 dB to 0.5 dB within the range of 3 to 40 km/h, for the uncorrelated channel model. This shows that this mode, with limited quantization resolution (4 phases states per antenna 2,3 and 4), provides significant gains at very low speeds and maintain reasonable gains up to relatively high speeds given this low feedback rate.

6.4.1.2.2 Correlated channel case (micro and macro cell case)

In the correlated channel conditions, the results show that this limited phase resolution mode 2 provide gains relative to Rel 99 Mode 1, from 3.6 dB to 1.0 dB within the range of 3 to 40 km/h, for the micro-cell channel model. Moreover, for the macro cell case,  the 4p0g mode 2 gives a gain around 2.0 to 2.2 dB for all speeds. Moreover, when increasing the phase resolution (Mode2-8p0g) for this particular correlated case, an additional gain of 0.5 dB is obtained. 
-------------------------------END of PART 2 the TEXT proposal in “Section 6 : Link Level Simulations” …-----
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