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1. Summary 

This contribution discusses some of the open issues identified in RAN1 #27 [1] and some more general considerations regarding the selection of closed loop modes.  

There do not appear to be any factors significantly differentiating the performance of either closed loop mode 1 or 2 over the patterns observed in release ‘99. As in release ’99, both modes have been reported [2] to provide significant throughput enhancements, with either mode performing better, depending on the conditions.  The two modes may also be used under somewhat different configurations (mode 1 is limited to slot formats with 2 or more pilot symbols).

Adopting both modes maintains compatibility with the mandated use of both closed loop modes in release ’99 UEs. It is also consistent with the philosophy that a release ’99 feature should be applicable to HSDPA where there are no technical reasons prohibiting co-existence of HSDPA and that feature.  As discussed below, we observe no technical reasons that would prohibit the co-existence of either closed loop mode.

We therefore recommend that both modes 1 and 2 be supported for HS-DSCH.

2. discussion

There are some additional considerations regarding closed loop transmit diversity beyond those identified for further discussion at RAN1 #27:

· Compatibility with release ’99 functionality

Since the working assumption is that a single set of antenna weights will be used for HSDSCH and associated channels, constraining the use of a given diversity mode for release 5 will also constrain the release ’99 functionality. Adopting both modes maintains compatibility with the mandated use of both closed loop modes in release ’99 UEs. 

· Since release 5 is an extension of release ’99, a given feature should be supported if it is compatible with HSDPA.

The integration of existing release’ 99 features into HSDPA has been discussed in RAN1.  It is believed by various companies [8] that since HSDPA is an extension of release ’99, if there are no technical reasons prohibiting co-existence of HSDPA and an existing release ’99 feature, by default HSDPA should support that feature.  It is our feeling that benefits of both closed loop diversity modes over open-loop and single antenna have been consistently shown [2,9-13], and while there may not be consensus on the difference in performance of the two modes, there has not been shown a technical reason preventing coexistence of HSDPA and either mode.

· Both modes 1 and 2 both provide benefits under different conditions.

In Motorola’s experience [2], either mode may have somewhat better link throughput performance, depending on the condition tested.  Mode 2 tends to have better gain at slow speed, and mode 1 at higher speeds.  Similar behavior was observed in release ’99 [4].  (Perhaps one might argue that mode 2 is even more useful in HSDPA, due to the expected higher fraction of low speed UEs.)

Also, there are different restrictions on the use of modes 1 and 2.  Mode 1 is somewhat less flexible in that it can only be used with slot formats that have 2 or more pilot symbols (in order for the pilots to remain orthogonal).

Issues identified at RAN1 #27 for further discussion were: 

· Gain loss in multipath for mode 1 and mode 2 (compared to 1 antenna)

Results from [2] indicate that while both mode 1 and mode 2 have less gain in multipath over 1 antenna (when a Rake receiver is used at the UE), neither mode is disastrously affected: the stronger mode for the given condition tends to lose somewhat more gain.  Under the various conditions of [2], the two modes lost around 5-15% of their gain over 1 antenna when Vehicular A channel model was used over flat Rayleigh fading. 

· 16QAM Channel estimation when mode 1 and mode 2 weights vary during a TTI.

As discussed during RAN1 #27 and in [3-6], while both closed loop modes can alter the amount of received power if the weights vary during a TTI, the allocated power is unaffected by the selection of adaptive array weights.  The concern is then that the channel estimate must be updated during a TTI.  This means that channel estimation may be done as before using CPICH and array weight estimates, or through the use of dedicated pilots.  In fact, [2] observes that good performance can be obtained even when array weights are not verified (given that FBI error rates are sufficiently low, as can be the case for node B verification at slow speeds). Contribution [7] provides details on a simple method to treat this received power variation in the UE. 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 [9,11,12].

· Power Amplifier Balance for Mode 2 TxAA

Since the application of transmit diversity to common and dedicated channels is optional, 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 [4], since that single antenna would be required to transmit twice or more the power of diversity antennas. 

Beamforming can also increase peak to average requirements (say, when all users are in the same beam).  Since support for dedicated pilots and changes to the S-CPICH are being considered for the purpose of supporting beamforming, it is inconsistent to neglect the impact of these spec changes on peak to average while considering the impact for mode 2.

· Higher Velocity Node B Verification & UE verification requirements for mode 1 and 2

The verification algorithms used for release ’99 for mode 1 [15] and mode 2 [16] are also applicable to HSDPA [2], and single link throughput gains on the order of 20-40% are possible over a variety of fading conditions and speeds result from the use of these release 99 algorithms at the UE.  As shown, these algorithms require a few operations per slot.
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