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1 Introduction

Over the last RAN1 meetings in Jeju (RAN1#22) and Korpilampi (RAN1#23), there were some discussions on the choice of transmit diversity scheme for HSDPA [4]

 REF _Ref536851129 \r \h 
[8]

 REF _Ref536851134 \r \h 
[9]

 REF _Ref536851136 \r \h 
[10]. Transmit diversity schemes can be applied to both the HS-SCCH and HS-PDSCH. These two HSDPA channels can be considered scheduled transmissions because both are transmitted to the scheduled user only. The HS-SCCH is power controlled to the addressed user while HS-PDSCH uses link adaptation and uses all the remaining power allocated to the user.  The scheduled nature of these two channels provides multi-user diversity that can be considered another form of diversity scheme. The major difference between HS-SCCH and HS-PDSCH is that the latter one applies techniques such as AMC and HARQ to improve system throughput. The HARQ scheme itself provides some diversity.

 A system performance comparison of different transmit of various transmit diversity schemes such as STTD, selection transmit diversity (STD) and closed-loop transmit diversity (CLTD, which is also often referred to as TxAA) is given in [3]. The results showed that at lower speeds like 3.0Km/h the closed-loop schemes i.e. STD and CLTD provide significant improvement compared to single-antenna and open loop transmit diversity scheme (STTD). In this paper, we discuss different signalling approaches for closed loop transmit diversity in HSDPA.

2 Closed-Loop Transmit Diversity Signalling

Both closed loop mode-1 and mode-2 can be considered for HSDPA CLTD. The CLTD feedback information can be transmitted either on the UL DPCCH as in Release 99 or on HS-DPCCH which is used to carry the HSDPA UL signalling like ACK/NACK feedback and channel quality indication.

2.1 Signalling using UL DPCCH

In release 99 closed loop transmit diversity mode 2, the feedback command length in slots (Nw) is 4. However, the HSDPA TTI length is 3-slots. The different lengths of HSDPA TTI and mode 2 feedback command can lead to larger feedback delays (7 slots) [8]. Another possibility is to reduce the mode 2 feedback command length to 3-lsots. TI proposes such a solution called mode 3 where the number of phase bits is reduced from 3 to 2 [8]. However, such a scheme results in degradation in system performance due to larger phase quantization error.

Another problem with using UL DPCCH for HSDPA closed loop transmit diversity is the conflict in optimal weight vector selection when the UE is in soft handoff. Note that HS-PDSCH is never in soft handoff. Moreover, when the UE is in soft handoff, the information on UL DPCCH may result in high error rate at the primary cell. Therefore, we do not recommend using UL DPCCH for closed loop transmit diversity signalling in HSDPA.

Finally, on UL DPCCH, the feedback bits are sent uncoded, which results in a larger feedback error than when they are sent with some amount of coding for the same transmit power level. Since the performance of closed loop schemes can be severely affected due to undetected feedback errors, this can affect the performance achieved with CLTD.

2.2 Signalling using HS-DPCCH

The HS-DPCCH is used for HSDPA related UL signalling such as ACK/NACK feedback and channel quality indication. A power offset can be applied to HS-DPCCH compared to UL DPCCH in order to meet the required error rates on HS-DPCCH information.  RRC signalling can be used to signal this power offset. There are also proposals to apply another dynamic offset to some of the HS-DPCCH information to control the error rates [11]. Since the performance of closed loop schemes is sensitive to feedback errors it is important to provide a low error rate feedback for closed loop schemes. 

For low error feedback, HS-DPCCH can also be used signalling the feedback required for closed loop schemes. The current assumption is that the first slot in the HS-DPCCH TTI contains the ACK/NACK feedback and the second and third slots contain the 5-bit channel quality indicator.  The transmission cycle and timing for channel quality indicator is determined by UTRAN and signalled by higher layer. The channel quality feedback indicator cycle k has a possible value of [1, 5, 10, 20, 40, 80] corresponding to the feedback cycle of [2,10,20,40,80, 160] msec [1]. We list below different possible solutions for carrying FSM information on HS-DPCCH.

· When CLTD is used for HSDPA, it is possible to use the CQI field in the HS-DPCCH both for channel quality indication and CLTD signalling. However, in a given TTI only one of either CQI or FSM information is sent. Note that when FSM information is transmitted on HS-DPCCH, the feedback cycle can be same for both CQI and FSM or different cycles can be used for these two types of information. The number of information bits and the coding scheme can be the same for CQI and FSM. Note that with 5-bits FSM per TTI, it is possible to use 3 phase bits as in Release 99. The drawback of this scheme is that the CQI and FSM information cannot be sent simultaneously. At low speeds where most of the closed-loop gains are achieved, this scheme does not affect performance. Similarly, in the case of STD, the CQI field in the HS-DPCCH can be used both for channel quality indication and antenna indication (AI). As in the case of CLTD, only one of either CQI or AI is sent. In fact, in TTIs where AI is being sent, a coarse indication of the difference in channel quality between the two signals received from the two antennas can also be sent along with the AI.

· Another possibility is to dynamically share the CQI field in HS-DPCCH for CQI and FSM information. The UE can then choose between sending CQI or FSM information for CLTD that has changed more compared to the previous update. This scheme has the flexibility to send either CQI or FSM in consecutive TTIs if the other type of information is not changing from TTI to TTI. However, the drawback of this scheme is that cross-errors between CQI and FSM information can occur. One way of implementing this solution would be to use the most significant bit in the CQI/FSM field to distinguish between CQI and FSM information. A similar approach can be used to send AI in the case of STD.

· Similarly, the FSM information for CLTD (or AI, in the case of STD) can also be coded with the ACK/NACK field in HS-DPCCH. This approach will have the benefit that both CQI and FSM information can be sent in the same TTI. Of course, the drawback of this approach is that greater power will be necessary to provide the same level of low false alarm probabilities for the ACK/NACK feedback as the current solution. However, this effect will be somewhat offset by the coding gain. 

An example of CLTD signalling using option 1 described above is shown in Figure 1. In this example, both the CQI and FSM information has a feedback cycle of 2 TTIs (4.0ms). The CQI feedback is used for both scheduling and TF selection purposes. However, the FSM information is not needed in the scheduling process and the most recent received FSM information can be applied to HS-PDSCH. This will result in smaller feedback delays for FSM compared to CQI feedback delay. As mentioned earlier, a similar method can be used to send AI (and, possibly an indication of the difference in channel quality between the two signals received from the two antennas) for STD.


[image: image1.wmf] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8

 

9

 

10

 

11

 

12

 

13

 

14

 

0

 

1

 

2

 

3

 

4

 

5

 

6

 

7

 

8

 

0

 

1

 

2

 

3

 

4

 

5

 

6

 

7

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AN

 

 

FSM

 

FSM

 

AN

 

 

CQI

 

CQI

 

AN

 

 

FSM

 

FSM

 

AN

 

 

CQI

 

CQI

 

AN

 

 

FSM

 

 

FSM

 

 

AN

 

 

CQI

 

CQI

 

 

AN

 

FSM

 

FSM

 

AN

 

 

CQI

 

CQI

 

Scheduling and TF 

 

selection based on

 

 CQI transmitted in

 

 slot 

0 

and 

1

 

CLTD based on FSM 

t

ransmitted in

 

slot 

3

 and 

4

 

 

 

 

Scheduling and TF 

 

selection based on

 

 CQI transmitted in

 

 slot 

12

 and 

13

 

CLTD based on FSM 

transmitted in

 

slot 

0

 and 

1

 

 

HS

-

SCCH

 

H

S

-

PDSCH

 

HS

-

DPCCH

 

AN 

–

 ACK/NACK Feedback

 

CQI 

–

 Channel quality indication

 

FSM 

–

 Feedback Signaling Message

 

Figure 1 Signalling of FSM for CLTD signalling on HS-DPCCH

2.3 Antenna Weight Signalling on HS-SCCH 

It is well known that the performance of closed loop schemes will degrade in the presence of feedback errors. The effect of feedback errors can be mitigated to some extent by using antenna verification. Another possibility is to include FSM for CLTD (1-bit AI in case of STD) in the HS-SCCH. This benefit of this approach is that the feedback errors can always be detected and degradation in performance can be substantially minimized, as the probability of simultaneous errors on uplink and downlink is very small.

3 Conclusion

Closed loop schemes, i.e., CLTD and STD, when applied to HSDPA service can provide significant improvement in system capacity. We discussed two possible solutions for signalling the feedback necessary for closed loop signalling schemes, one using UL DPCCH and the other using HS-DPCCH. Using HS-DPCCH for this signalling provides several benefits over UL DPCCH signalling:

· The weight vector selection can be performed based on the primary (HS-PDSCH) cell.

· Higher reliability for UEs in soft handoff (SHO). An offset can be applied to FSM using the same signalling methods as used for ACK/NACK power offset.

· Lower Eb/No requirement because the feedback information can be coded using the same code as used for channel quality indicator. This results in lower power requirement. 

· Lower feedback delay for HSDPA service. The feedback information is transmitted within a 3-slot TTI.

· In the case of CLTD, the number of phase bits can be kept to 3 as in Release 99 thus providing the necessary quantization of phase. 

In the light of the above-mentioned benefits of signalling the feedback necessary for closed loop signalling schemes on HS-DPCCH, we recommend that RAN1 adopt HS-DPCCH for signalling this feedback for closed schemes in HSDPA.
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