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Abstract

It is commented here, why it is necessary topic for WG1 to consider CLTD with more than 1 receiver antennas, even there is no any additional change against release’99. If there would be some agreement for 2x2 CLTD for HSDPA throughput enhancement in WG, we recommend TxAA/STTD/CL-MIMO scheme instead of TxAA/STTD/PARC scheme because of backward compatibility problem.
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1 Introduction
In the R1-02-0568 (#25) [1], Lucent extend the R99 CLTD to two received antennas, referred as 2x2 CLTD. Even, they notify that this extension requires any additional feedback so it is fully backward compatible with existing R99 Mode. 
It is simple to agree on this point. However, if so, it is difficult to understand why it is a topic for WG1 not for WG4. In the implementation point of view, it seems to be already possible to use more that 1 receiver antennas in the terminal with any extra change of the specification [2].

In this document, the proposals for more than 1 receiver antennas are summarized briefly and put the discussion points for the comments which related to BER and throughput in high/low SNR geometries. To give more clear understanding, the table for TxD extension history is described as table1.

Table 1. The table for possible TxD extension scenarios.

	
Node-B
UE
	1
	2
	4

	1
	1x1
	
	

	2
	
	
	


2 Summary of previous proposals
R1-02-0568 (System Performance of 2x2 CLTD for HSDPA, [1])
From the conclusion part:

The performance of 2x2 CLTD is compared with the SISO and 2x1 CLTD scheme. The 2x2 CLTD extension requires no extra feedback and is fully backward compatible with the existing R99 Mode and is thus suitable for low complexity UEs.  From the gains that have been shown, we conclude that a 2x2 CLTD provides significant performance improvement over both the 2x1 CLTD and SISO and should be considered for the configuration with 2 transmit and 2 receive antennas.
R1-02-0549 (PARC with APP decoding for HSDPA, [3])

From the middle of the introduction part:

Texas Instruments showed in [4] that for a (2,2) system, it is possible to better the performance of PARC. TI’s argument was that since TxAA is “best” at low speeds and STTD is “best” at high speeds, a speed dependent combination of TxAA and STTD constitutes a “good solution.” We agree with TI that TxAA is best at low speeds in terms of SNR gain. But this doesn’t necessarily imply that it is also best in terms of throughput. SNR and throughput are linked by the MCS and a non code-reuse method has to use higher order modulation like 64QAM to achieve higher data rates. Using higher order modulation is not as effective as using code reuse and lower order modulation. This was evident from the TI results where TxAA/STTD peaked at 10.8 Mbps using 64QAM, while PARC performed superior with the peak data rate of 14.4 Mbps using 16QAM. This happened however, at the higher end of the geometry. Since MMSE filtering followed by soft decoding of single symbol as employed in [5], is sub-optimal, benefit of PARC over non code reuse methods was somewhat suppressed.
In this contribution, we replace the MMSE filter with single symbol soft decoding by an APP (aposteriori probability) detector. The improved receiver shows the benefit of code reuse more clearly. We also discuss the issue of rate control per transmit antenna using such a receiver. More specifically, we show that union bounds on the probability of error could be used with some modification to characterize the MIMO channel on per transmit antenna basis. Since we don’t change the basic design and signaling of the PARC system, we don’t discuss it in this contribution and the reader is referred to [5].
R1-01-1064 (Comparison between TxAA/STTD and PARC for HSDPA with 2 transmit antennas, [4])

From the end of the introduction part:

In this contribution, single-user throughput simulation results are presented for various (2,2) scenarios. We compare the performance of STTD, PARC with different levels, and two closed-loop transmit diversity schemes: STD and TxAA. While Lucent’s contribution in [5] considers only the lowest UE speed of 3-kmph, this contribution also addresses 30-kmph and 120-kmph UE speeds, which are also used for HSDPA (as given in TR 25.848). We have chosen single user throughput as the criterion for comparison because [5] employs it for proposing the PARC system. Ultimately system level throughput simulations using different schedulers will have to be done to compare the performance of the different schemes.
We demonstrate that:

1. Performance: TxAA is the best scheme for low UE speed.  For high UE speed, STTD is the best scheme. This suggests that a good solution for (2,2) systems is TxAA for low UE speed and STTD for high UE speed. This TxAA/STTD scheme outperforms PARC. Some discrepancies exist in Lucent’s simulation results presented in [5].

2. UE Complexity: Our solution incurs much lower UE complexity than PARC in terms of million operation per second (MOPS) and in terms of UE memory requirements.

3. Compatibility with release’99: Our solution is the same as release 99, where open-loop (STTD) and closed-loop (TxAA) schemes are used interchangeably depending on the UE speed and some other conditions. 

4. Uplink signaling and MCS selection same as release’5: The same uplink signaling for (1,1) release’5 HSDPA can be used for TxAA/STTD. Similarly, MCS selection for TxAA/STTD can be done in exactly the same way as the (1,1) release’5 HSDPA. On the other hand, PARC will need additional uplink signaling and MCS selection for PARC may have to be done at the mobile, making it incompatible with release’5 signaling and MCS selection procedures.
5. (2,1) scenario: Our solution is applicable for (2,1) scenario without any change at the transmitter. Note that PARC is not applicable for (2,1).

Hence the release’99 based TxAA/STTD is a better solution compared to PARC for (2,2) MIMO systems in terms of throughput performance, MIPS requirement, memory requirement and backward compatibility with release’5 in terms of uplink signaling and MCS selection procedures.
3 Discussion and conclusion
Comments for discussion

In [1], it is proposed that the better system for SNR gain doesn’t necessarily imply the better system for throughput. Therefore, to link SNR and throughput for higher data rates, the MCS selection has to be used with higher order modulation, like as 64QAM. Furthermore, it was also noted that this happened however at the quite higher end of the geometry even if an APP (aposteriori probability) detector instead of an MMSE filter with single symbol soft decoding.

By these characteristics in the 2x2 CLTD scenarios, it seems that in addition to TxAA/STTD scheme with fully compatibility with release’99, TxAA/STTD/PARC scheme, if possible, is better solution in terms of throughput performance on all possible conditions, just without considering its backward compatibility loss.

As TI noted in [2], the backward compatibility loss is not so meaningless in terms of extra uplink signaling, even without considering the extra computational and memory requirement, therefore, it is quite natural to ask the possibility of alternative solution instead of TxAA/STTD/PARC scheme.

One alternative way is to use CL-MIMO based on TxAA feedback for more than instead of PARC part [6].  The alternative way, which is backward compatible with release’99, is described in the figure 1.
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Figure 1. CL-MIMO based on TxAA feedback.

In figure 1, the generated orthonormal basis vector w2 is obtained by (w1(w2) = 0 relation and basis values (1 and (2 , which are not noted in the figure, for input WF/IFW (water filling and inverse water filling) algorithm block are obtained as (1 = ( (SINR by TPC)  algorithm and (2 = E[(2/(1]((, where the expectation value could determine as like MIMO eigenvalue approximation method [7].

Conclusion

It was commented here, why it is necessary topic for WG1 to consider CLTD with more than 1 receiver antennas, even there is no any additional change against release’99. If there would be some agreement for 2x2 CLTD for HSDPA throughput enhancement in WG, we recommend TxAA/STTD/CL-MIMO scheme instead of TxAA/STTD/PARC scheme because of backward compatibility problem.

For the further implementation of TxAA/STTD/CL-MIMO, WF/IWF algorithm should studied not only for throughput maximization but also reasonable diversity order consideration, i.e. in terms of QoS(quality of service) balance.
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