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1. Summary 

There has been recent discussion of closed loop transmit diversity [1-4].  This contribution continues the discussion, providing some additional information.  This additional information leads us to somewhat different conclusions than some of those expressed in [1-4].  
Issues raised of most common concern (in our estimation) and some summary comments are:

· Performance degradation due to feedback error
While feedback errors will affect performance, losses are small in the 4% error rates typical of 1-way soft handoff.  FBI error mitigation techniques are possible to reduce FBI error rates associated with multi-way soft-handoff.
· Gain loss in multipath
Measurement results in a heavy urban environment [5] and simulation results [6] show gains in multipath.  Ideal single link throughput from the measured data showed gains of about 30% at 5 dB SNR.  System level simulation results show throughput improvements of 14% and 45% at 3 and 30 kmph, respectively, in a mixture of Pedestrian A, Vehicular A, and Pedestrian B channels.
· Channel estimation effects from array weights varying during a TTI.
There may be some concern that altering the array weights changes the total power allocated to a UE from the two serving antennas.  While both closed loop modes can alter the amount of received power at the UE when the array weights change, they do not change the amount of transmitted power.  This means that channel estimation may be done as before using CPICH and array weight estimates, or through the use of dedicated pilots.  It is worth noting that the alternative, holding the weights constant during a TTI will clearly degrade the speed performance enhancements that closed loop diversity seems to offer [4,6,7].
· HARQ Buffer Corruption
While poor verification can degrade performance, throughput simulations using verification with HARQ combining show significant gains. Gains of at least 20% have been presented in [7] for closed loop mode 1 under a variety of geometry conditions and speeds in flat fading with 4% feedback BER.  Reference [8] shows gains for mode 2 (with verification) over STTD at 3 kmph of 41% at 5 dB geometry in flat fading.
· Power Amplifier Balance for Mode 2 TxAA

There is no transmit diversity only mode defined for Node-B (transmit diversity is optional), so systems must be capable of supporting single antenna operation.  Since power requirements for single antenna operation exceed those of mode-2 operation, mode 2 does not affect power amplifier peak to average power requirements.  
While we also feel that HSDPA can be based on release ’99 closed loop modes, we do not concur that mode 2 has any implementation issues differentiating it from mode 1.  Rather, we expect that mode 2 will continue to exhibit improved performance over mode 1 at the slower speeds most important to HSDPA.
2. commonly Discussed Topics
We summarize the most commonly discussed concerns with closed loop transmit diversity below.  Since [1] had a number of detailed questions, these are considered in an appendix.
2.1 Performance Degradations from Feedback Error
Concern: Closed loop performance degrades when there is feedback error. 
Simple error mitigation approaches can control FBI error.  One such approach [9] does a simple SNR threshold test to ensure the FBI bits are reliable before applying them.  The error rate can then be reduced significantly at the cost of a reduced feedback update rate.  For example, a 10% FBI can be reduced to 1% by rejecting 41% of the symbols (whose SNR is 1.5 dB below average).  Also, a 4% FBI error rate can be reduced to 1% by rejecting 11% of the symbols (whose SNR is 8 dB below average).  Therefore, we can cope with elevated FBI error conditions by trading speed performance for update rate (in this example, reducing the average update rate of the channel by 41% and 11% for factors of 10 and 4 reduction in error rate, respectively).
2.2 Gain Loss in Multipath
Concern: Closed loop performance is reduced in the presence of multipath.
Measurement results in heavy urban environments show significant throughput gains.  For example, [5] shows ideal link throughput gains of about 30% at 5 dB SNR.  System level simulation results [6] show sector throughput (sector aggregate packet call) improvements of 14% and 45% at 3 and 30 kmph, respectively, in a mixture of Pedestrian A, Vehicular A, and Pedestrian B channels
.
2.3 Channel Estimation with Array Weights Varying During a TTI
Concern: Altering closed loop weights during a TTI will require channel estimates to be updated.  Also, there is agreement not to alter allocated power during a TTI.
While both closed loop modes can alter the amount of received power at the UE when the array weights change (both alter the transmit antenna pattern), they do not change the total amount of transmitted power from the serving antennas.  This means that channel estimation and SNR estimation may be done as before using CPICH and array weight estimates, or through the use of dedicated pilots.  
It is worth noting that the alternative, holding the weights constant during a TTI will clearly degrade the speed performance enhancements that closed loop diversity seems to offer [4,6,7].
Finally, varying TxAA weights during a TTI can help hold UE received power more constant.  As observed in [4] and [7], results from using closed loop can actually be greater at vehicular speeds, since scheduler performance is improved.
2.4 HARQ Buffer Corruption
Concern: Poor verification may cause poor demodulation references, degrading HARQ repeat combining.
Simulations exhibiting good performance for closed loop when verification is used with HARQ combining have been presented in [7] and [8], for closed loop modes 1 and 2, respectively.  When verification is used, [7] shows gains for mode 1 over the single antenna case of at least 20% under a variety of geometry conditions and speeds in flat fading and 4% feedback BER.  In fact, gains as high as 96% were reported (at 12 dB geometry and 60 kmph).  Reference [8] shows gains for mode 2 (with verification) over STTD at 3 kmph of 41% at 5 dB geometry in flat fading.
It has also been shown that closed loop diversity can have gains over single antenna at moderate FBI error rates even without verification.  In [4], it is shown that modes 1 and 2 have gains over a single antenna of approximately 8% to 22% for geometries ranging from –8 to 0 dB
.  While these gains are much reduced from what is possible with verification, they show that when FBI errors can be limited
, degradations in throughput due to verification performance can be controlled.
2.5 Power Amplifier Balance for Mode 2 TxAA

Concern: Power amplifier peak to average requirements increase due to the mode 2 power weighting. 
According to the R99 NBAP specification, the application of transmit diversity to common and dedicated channels is optional, and therefore base station equipment must be designed to support both 1 antenna and diversity operation.  Under these conditions, supporting single antenna operation sets the power amplifier peak to average requirements. For example, when 70% of Node B power is dedicated to the HS- channels, the increase in peak power on one of the two power amplifiers used in a diversity system will increase by at most
 (0.8*0.7+0.5*0.3)/0.5 = 1.42.  On the other hand, supporting one antenna operation will require at least a factor of 2 more peak power, since only one power amplifier is used, and the benefits from diversity and closed loop array gain are not obtained.
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APPENDIX: Questions raised in [1]

Two sets of questions were discussed, the first addressing issues common to both mode-1 and mode-2 closed loop (or “CL” ) transmit diversity.   In our understanding the questions asked address the performance of CL modes under various implementation and environmental effects.  We attempt to summarize the questions and provide some comment to each below:

4.1 Questions Common to Both CL Modes

11. Feedback delay

-It is asked if feedback delays greater than 3 slots should be allowed.

Higher delays would reduce performance at higher velocities, but allow more reliable feedback when coding approaches are used.  It is our feeling that release ’99 based approaches should be considered first before adding more CL techniques (eg. [9]).  Feedback error rate and verification is discussed more below.    

12. Feedback error rate

-It is asked what the performance of CL schemes would be under realistic error conditions.

Simulations with feedback error with the uplink and downlink DPCH explicitly simulated in 1- to 3- way soft handoff, and mode 2 verification used, have been presented in [8].  Degradations due to feedback error were found to be limited such that significant gains over open loop diversity were still observed. Also, in [11] simulation results show significant voice capacity gains for CL mode 2 over OL with a 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/path loss differences with the “best” uplink cell

13. Verification

-The impact of low verification reliability on 16-qam and AMC is questioned.

Simulations shown in [8] do not exhibit problems with AMC and 16-qam.  Since FBI is computed based on the common pilot, it is not clear why AMC is impacted by verification.

14. Multipath Sensitivity

-It is stated that multipath degrades CL performance.

Measurement results with CL mode 2 in an urban environment are presented in [5].  The results indicate PDSCH throughput gains of about 40% at 0 dB average SNR. Furthermore, in [11] significant capacity gains are shown for CL mode 2 over STTD with 2 or 3 equal power paths per antenna.

15. Sensitivity to velocity

-Performance with increasing UE velocity is questioned.

Issues above those already occurring in release ’99 are not clear.  The design goals of HSDPA [10] seem to de-emphasize the higher velocities supported in release ’99.

Furthermore, CL modes can improve performance particularly at moderate vehicular speeds due to improved scheduling: the feedback holds the channel more constant, making CQI values valid longer. Finally, in realistic deployments with correlated fading between the antennas, CL modes provide significant gain over OL modes even at relatively high UE velocities. This is shown for example in the results presented in [11].

16. Diversity gain from other sources

-Link adaptation and scheduling provide a diversity benefit, impact CL diversity.

CL transmit diversity provides antenna gain as well as diversity gain, reducing fades as well as delivering more average power to the UE.  Link adaptation and scheduling can’t provide antenna gain, although they can reduce fading.  Since CQI feedback is slower than FBI, the diversity benefit from link adaptation and scheduling quickly diminishes with speed.

17. ARQ Buffering

-The question appears to relate to degradations in demodulation references caused by poor verification causing a large number of repeats, creating increased buffering requirements.

Simulations with verification show limited throughput degradations due to verification error, and so are not indicative of buffering problems.  We also note that combining approaches do not necessarily have increasing buffering requirements with an increasing number of repeats.

18. Feedback channel

-Finding the capacity for additional FBI feedback is stated to be difficult, and backward compatibility with release ’99 is felt to be an issue.

We concur that the existing release ’99 CL mode structures should be exploited as much as possible, and that additional FBI techniques should be considered relative to what can be achieved in release ’99.

19. Verification

-It is asked if the number and power of dedicated pilot bits is agreed upon.

The impact of this question on the specs isn’t immediately clear to us, unless additional slot formats or other changes are needed.  

20. End of frame and compressed mode adjustments

It is not clear how these problems were not solved in the release ’99 specs.  

4.2 Questions Specific to Mode-2

7. Benefits from using a fixed strong power weighting in the mode 2 code book.

-It is asked if the power weighting helps when there is limited fading (since it is compensated from scheduling). 

The closed loop mode 2 code book has been shown to provide benefit under fading conditions, including multipath fading conditions where path diversity in effect limits the fading per antenna (after Max Ratio Combining), for example see [11].

Scheduling gains are known to be limited at moderate vehicular speeds and so there will be more fading at these speeds (which is why STTD can provide some benefit).

Also, antenna configurations such as dual polarized antennas may have significant, long term branch imbalance, making the gain shift more valuable.

8. Power balance

-The power amplifier peak to average requirements are felt to increase due to the mode 2 power weighting.

According to the R99 NBAP specification the application of transmit diversity to common and dedicated channels is optional, and therefore base station equipment must be designed to support both 1 antenna and diversity operation.  Under these conditions, supporting single antenna operation sets the power amplifier peak to average requirements. For example, when 70% of Node B power is dedicated to the HS- channels, the increase in peak power on one of the two power amplifiers used in a diversity system will increase by at most (0.8*0.7+0.5*0.3)/0.5 = 1.42.  On the other hand, supporting one antenna operation will require at least a factor of two more peak power, since only one power amplifier is used, and the benefits from diversity and closed loop array gain are not obtained.

9. FB adjustments

There are a number of distinct issues on this item:

-Even 7 slots FB delay 
We are not clear what is the issue here.

-Changing gain factors during TTI: 16-qam performance degradation

Since both the phase and gain change the received power at the UE, this issue is felt to be both relevant to both mode-1 and mode-2n.  The simulations in [8] did not show degradations when progressive refinement was used, changing CL weights each slot.  At low speeds, we comment that the weights won’t change much, and at moderate vehicular speeds, the effect of TxAA feedback could actually reduce the variation the UE sees in received power, by maximizing the power the UE sees as the channel varies.


-Channel estimation with varying feedback over a TTI

We have observed reasonable performance with channel estimation based on verification in [8].


-Working assumption on not changing gain factor.

It is our understanding that the specifications don’t allow allocated power to change during a TTI.  Changing the CL feedback does not change the total allocated power to both antennas, and may in fact help keep it more constant in fading (as discussed above).


-Backward compatibility

This question is a bit unclear to us.  It may refer to how to simultaneously apply CL modes to HS- and release ’99 channels.  This seems to apply to both mode-1 and mode-2.  This doesn’t seem to be an issue, since release 5 capable terminals can control the feedback and verification for both the dedicated and shared channels as needed.

10. More room for variation of verification algorithms

The question seems to indicate that manufacturer’s implementation of mode 2 verification techniques may vary more than those of mode 1.

Since verification is optional in the UE, we aren’t sure how if there were any difference it would affect network design. Furthermore an algorithm for verification for mode 2 was presented during 2000 in R1-00-1087.

11. Mode 2 is more sensitive to mode 1 in multipath due to heavier FB signaling

We don’t understand this one, since the mode 2 code book has finer granularity than the mode 1 code book.  How does that degrade, rather than improve, performance here?

12. Mode 2 has less performance gain than mode 1

Results for release ’99 consistently showed improved performance for mode 2 at lower speeds (those most important to HSDPA). That is why both modes were included. We have not observed a reversal of this in HSDPA. 


























































































� These simulations had 4% feedback error, although ideal verification was assumed.  As shown in other contributions referenced here, throughputs with verification should not be overly degraded.


� Some of the higher geometry results reported in [4] seem modulation and OVSF coded limited, and so we concentrate on the lower geometries here.


� Methods such as [9] may be employed


� This sum of peak powers is an upper bound.





