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introduction

In the WG1 meeting #2 in Yokohama the ETSI downlink Tx diversity solution was adopted for 3GPP. As not all of the details have been defined work of Ad Hoc #6 was decided to continue.

In this report many details of the Tx diversity solutions are elaborated. In addition, a text proposals to S1 series of specifications are included.

1. Further details of transmit diversity solution

In the first report from Ad Hoc #6 several topics requiring some further consideration were listed [1]. They include:

· Number of FBI bits per slot

· Application of Tx diversity on different DL physical channels

· Support of Tx diversity modes in UE

· Tx diversity mode control

· Application of Tx diversity and/or SSDT power control in SHO

· Use of more than 2 antennas

They are dealt with separately in the subsequent chapters.

1.1 Number of FBI bits per slot

Currently, the length of FBI field is 1 bit. In the reflector discussions in Ad Hocs #6 and #7 there has been a proposal by Motorola to introduce the possibility to have 2 bits of FBI per slot. There are two main reasons why it could be useful:

· Improved performance of feedback modes 2 and 3

· Possible simultaneous use of SSDT power control and closed loop modes of Tx diversity

Before a decision on this can be made the performance advantages of increasing the number of FBI bits per slot need to be clarified. In addition, the effect of increasing the number of supported DPCCH structures on the implementation complexity of the transceiver must be checked. Regarding the simultaneous use of SSDT power control and closed loop modes of Tx diversity some preliminary considerations have been presented over the reflector. Clearly, more information is needed before decision on including the possibility of having 2 bits of FBI per slot can be made. Therefore, it is proposed that the FBI field length of 1 bit is still the working assumption and inclusion of longer FBI field of 2 bits per slot is FFS.
1.2 Application of Tx diversity on different DL physical channels

Table 1 shows the proposed application of open and closed loop Tx diversity modes on the downlink physical channels. 

Table 1. Application of Tx diversity modes on downlink physical channels.

Channel
Open loop mode
Closed loop mode
Note

PCCPCH
X
N/A
STTD applied only to data symbols

SCH
N/A*
N/A
A proposal by Panasonic to use TSTD on SCH is presented in TSGR1#3(99)152

SCCPCH
X
N/A


DPCH
X
X


PDSCH (associated with DPCH)
X
X


PDSCH (associated with PSCCCH) 
X*
X*


PSCCCH
X*
N/A


AICH
X
N/A
Only if closed loop Tx diversity is used in the cell and/or open loop mode is used on PCCPCH

N/A = Not applied

X = Can be applied

X* = Can be applied but requires further studies (working assumption)

N/A* = Not applied but requires further studies (working assumption)

Already in WG1 meeting #2 a proposal to apply STTD on PCCPCH was presented [2]. At that time some worries were presented on the delay of detecting the use of STTD on PCCPCH in the initial acquisition. No decision could be made. 

In a new contribution, TSGR1#3(99)150 by TI, it is proposed that the detection of presence/absence of diversity antenna is based on decoding the L3 message from BCCH. This seems to be very feasible solution and no long detection times are needed. In addition, in [4], submitted as an informative document to Ad Hoc #6 reflector discussions, it was shown that the STTD encoding will also improve the initial acquisition time. Therefore, the proposal from Ad Hoc #6 is to include the possibility of STTD encoding of PCCPCH data symbols. In [3], it is proposed that no side information from the network is needed in the case of SHO. This issue may need some further consideration.

In [1], it was proposed that no Tx diversity will be applied on SCH. This needs to be reconsidered as there is a new proposal by Panasonic to apply TSTD on SCH [5]. This proposal was supported by Samsung in the reflector discussions. The proposal is a very interesting one but as no performance evaluation results have been provided no conclusion on this proposal can be made yet. Therefore it is proposed that no Tx diversity will be applied for SCH but a “*” is added to Table 1 to indicate that this is still under study.

During the reflector discussions Motorola made a proposal to add one more feedback mode which uses 1 bit of FBI to set the phase difference between the antennas to 0 or 180 degrees. The advantages over mode 1 were given as power balance and superior performance with correlated channels. Earlier in ETSI this option was also discussed but there were contradictory performance simulation results. That was one reason why this option was excluded from ETSI solution. Therefore, it is proposed that the current 3 feedback modes are kept and further proof of the performance and complexity analysis of the proposed new mode need to be presented before it can be included into the specification.

In the report to WG1 #2 it was indicated that both open and closed loop modes could be applied to PDSCH. It seems to be quite clear that when PDSCH is associated with a dedicated downlink channel both open and closed loop modes can be applied (assuming feedback information can be provided on an uplink channel). Thus, it is proposed that both open and closed loop modes can be applied on PDSCH when it is associated with PDCH.

The situation is a bit more complex when PDSCH is associated with PSCCCH. It seems that closed loop mode could be used on PDSCH but antenna verification of feedback mode 1 can not be done. Moreover, as feedback modes 2 and 3 require dedicated pilot for channel estimation it is unclear how they can be provided. Application of open loop mode seems to be possible if it is also used on the associated PSCCCH. Yet, this case seems to require more studies. It is proposed that the application of open and closed loop modes on PDSCH when associated with PSCCCH requires further studies.

When it comes to PSCCCH it seems feasible to apply open loop Tx diversity on it. Yet, as noted above it is unclear how Tx diversity will be applied on PDSCH and associated PSCCH. Thus, it is proposed that application of open loop mode on the PSCCCH requires further studies.

The use of Tx diversity on AICH was also discussed in the Ad Hoc #3. As AICH is a separate physical channel which requires phase reference from PCCPCH the open loop mode can be used on it if PCCPCH pilots are transmitted form both of the antennas. Therefore it is proposed that open loop Tx diversity mode can be applied on AICH if closed loop Tx diversity is used in the cell and/or open loop mode is used on PCCPCH.

1.3 Support of Tx diversity modes in UE

In the WG1 meeting #2 it was already agreed that support of Tx diversity is optional in UTRAN access point. For UE no clear decision exist.

In the Ad Hoc #11 there has been proposals which features should be mandatory for UE to support. As nothing new has really come up the proposal from Ad Hoc #6 is still to have the support of open loop mode mandatory in UE.
Regarding the closed loop modes an analysis what is the effect of mandatory support of all the three modes on the implementation complexity of the RAKE receiver of the UE is presented in a late contribution [6]. This contribution lists several alternatives about which way to go (not an exhaustive list):

1. Mode 1 could be mandatory for all terminal classes and modes 2 and 3 for a subset of them (e.g. for high end terminals) in release –99. Modes 2 and 3 could be mandatory in all terminals in later releases of the specification.

2. All the three modes are mandatory only for a subset of terminal classes

3. All three modes are mandatory for all kind of terminals

4. All the three modes are optional for all terminal classes

This issue requires further study.

1.4 Tx diversity mode control

Already in [1] it was notified that the control of the different modes of Tx diversity requires some further work. As it involves L2/L3 signaling a liaison statement to WG2 have been drafted to be approved by WG1 [7].

1.5 Application of Tx diversity and/or SSDT power control in SHO

During the reflector discussions the potential simultaneous use of SSDT power control and STTD open loop Tx diversity method was identified. In [8] simulation results comparing SSDT power control only with combination of SSDT power control and STTD open loop diversity are presented. Based on the results there is 1.1 dB gain if also STTD is used in addition to SSDT power control with the assumptions used. Yet, no analysis of possible complexity increase in the terminal have been presented.

As in the SSDT power control concept one primary BTS sends at a time the possibility of using also feedback modes together with the SSDT power control has been identified. Some initial thinking for the case has been presented over the reflector but clearly more studies are needed.

The proposal from Ad Hoc #6 is to continue studies of simultaneous application of SSDT power control and both open and closed loop modes of Tx diversity.

1.6 Use of more than 2 antennas

The use of more than two antennas for Tx diversity has been identified as one way of further improving the performance in downlink. In [9], the application of STTD in the case of 3-4 Tx diversity antennas with simulation results is considered. As noted earlier this issue relates also to the discussion about the number of FBI bits per slot. Ad Hoc #6 proposes that this issue will be studied further. Decision whether release –99 will include possibility of using more than 2 Tx diversity antennas needs to be made later.

2. text proposals to S1 series of specifications

Based on the decisions made in WG1 meeting #2 and proposals made in this document, text proposals to S1 series of specifications are presented in this chapter.

The following text is proposed to be added to S1.14 (based on decisions in WG1 #2):

----------------------------------------------Start text proposal-------------------------------------------

8. Feedback mode transmit diversity

8.1
DPCH transmission scheme

The transmitter structure to support Feedback (FB) mode transmit diversity for DPCH transmission is shown in Figure 1. Channel coding, interleaving and spreading are done as in non-diversity mode. The spread complex valued signal is fed to both TX antenna branches, and weighted with antenna specific weight factors w1 and w2. The weight factors are complex valued signals (i.e., wi = ai + jbi ), in general.

The weight factors are determined by the UE, and signaled to the UTRAN access point (=cell transceiver) through the uplink DPCCH.
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Figure 1. Downlink transmitter structure to support FB Mode Transmit Diversity for DPCH transmission (UTRAN Access Point)

8.2
Uplink signaling channel

The UE feeds back to the UTRAN access point the information on which phase/power settings to use (the “weights”). Feedback Signaling Message (FSM) bits are transmitted in the FBI field of uplink DPCCH slot(s). Each message is of length NW  = Npo+Nph bits and its format is shown in the Figure 2. The transmission order of bits is from MSB to LSB, i.e. MSB is transmitted first. FSMpo and FSMph subfields are used to transmit the power and phase settings, respectively.
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Figure 2. Format of feedback signaling message. FSMpo transmits the power setting and FSMph the phase setting.

Table 1 lists the NFBI (number of bits in the FBI field of a slot), NW, update rate, feedback bit rate and number of power and phase bits per signaling word for different feedback modes.

Table 1. NFBI, NW, update rate, feedback bit rate and number of power and phase bits per signalling word for different feedback modes

FB mode
NFBI
NW
Update rate
Feedback bit rate
Npo
Nph

1
1
1
1600 Hz
1600 bps
1
0

2
1
2
800 Hz
1600 bps
0
2

3
1
4
400 Hz
1600 bps
1
3

Tables 2 to 5 below give the binary signaling words, together with their interpretation at the transmit array (in terms of relative powers and phases to be applied between the antennas). 

Table 2. Feedback mode 1 signalling message. No FSMph is transmitted.

FSMpo
Power_ant1
Power_ant2

0
0
1

1
1
0

Table 3. Feedback mode 2 signalling message. No FSMpo is transmitted.

FSMph
Phase_difference between antennas (degrees)

00
180

01
-90

11
0

10
90

Table 4. FSMpo subfield of feedback mode 3 signalling message.

FSMpo
Power_ant1
Power_ant2

0
0.2
0.8

1
0.8
0.2

Table 5. FSMph subfield of feedback mode 3 signalling message.

FSMph
Phase difference between antennas (degrees)

000
180

001
-135

011
-90

010
-45

110
0

111
45

101
90

100
135

When Npo=0, equal power is applied to each antenna. 

Antennas 1 and 2 are uniquely defined by their respective Primary CCPCH pilot codes.

The amplitude and phase applied per antenna is called a “weight”, and the set of weights is grouped into a “weight vector”. Specifically, the weight vector in the case of 2 antennas is given by
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(1)
8.3
Determination of feedback information
The UE uses the pilots transmitted on the Primary CCPCH to separately estimate the channels seen from each antenna. 

Once every NSlot=NW/NFBI slot times, the UE computes the phase and power adjustments that should be applied at the UTRAN access point to maximize the UE received power, from within the set of adjustments allowed by the chosen feedback mode defined with Tables 1 to 5. 

In a generic sense, this is the weight vector w  that maximizes

P=wHHHHw
(2)

where


H=(h1  h2 …(
and where the column vector hi represents the estimated channel impulse response for the i’th transmission antenna, of length equal to the length of the channel impulse response.
8.4
Antenna verification

In FB mode 1, if channel estimates are taken from the Primary CCPCH, the performance will also suffer if the UE can not detect errors since the channel estimates will be taken for the incorrect antenna. To mitigate this problem, antenna verification can be done, which can make use of antenna specific pilot patterns of the dedicated physical channel. The antenna verification can be implemented with several different algorithms. As an example if we have different pilot patterns on the downlink DPCCH we can apply coherent antenna verification in which we select antenna with pilot pattern 
[image: image4.wmf] if the following relation holds,

2
[image: image5.wmf]



(2)

where 
[image: image6.wmf]and 
[image: image7.wmf] are the a priori probabilities for pilot patterns (=transmit antenna) 
[image: image8.wmf] and 
[image: image9.wmf], respectively, 
[image: image10.wmf] is an estimate of noise power, 
[image: image11.wmf], 
[image: image12.wmf][

]

y

i

l

 is correlator output for path l, and 
[image: image13.wmf]l

a

,

1

ˆ

  and 
[image: image14.wmf]$

,

a

l

2

 denote the channel estimates for antennas. In normal operation the a priori probability for selected pilot pattern is assumed to be 96% (assuming there are 4% of errors in the feedback channel for power control and antenna selection). 

-----------------------------------------------End text proposal-------------------------------------------

The following text is proposed to be added to S1.11 (based on decisions in WG1 #2 and further proposals in this document):

----------------------------------------------Start text proposal-------------------------------------------

5.3.3 Application of Tx diversity on downlink physical channels

Table X summarizes the possible application of open and closed loop Tx diversity modes on different downlink physical channels.

Table X. Application of Tx diversity modes on downlink physical channels.

Channel
Open loop mode
Closed loop mode
Note

PCCPCH
X
N/A
STTD applied only to data symbols

SCH
N/A*
N/A
A proposal to use TSTD on SCH is presented in TSGR1#3(99)152

SCCPCH
X
N/A


DPCH
X
X


DPCH (in SHO)
X
N/A


DPCH (in SHO and using SSDT power control)
X*
N/A*


PDSCH (associated with DPCH)
X
X


PDSCH (associated with PSCCCH) 
X*
X*


PSCCCH
X*
N/A


AICH
X
N/A
Only if closed loop Tx diversity is used in the cell and/or open loop mode is used on PCCPCH

N/A = Not applied

X = Can be applied

X* = Can be applied but requires further studies (working assumption)

N/A* = Not applied but requires further studies (working assumption)

----------------------------------------------End text proposal-------------------------------------------
3. Conclusions

Several details of the downlink transmit diversity solution are considered in this report. As is evident many issues require still further work. 

Text proposals to S1 series of specifications are also presented. An effort has been made to convert some of the existing text and the completely new text into format more appropriate for a specification. Yet, more work is needed also here.
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