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Text proposals for FB mode transmit diversity

Pending decisions taken at TSG-RAN Working Group 1 meeting #6, text proposals are required for the following items related to FB mode transmit diversity:

· Operation with 15 slots per frame.

· Replacement of current mode 1 power switching by phase switching, including new example verification procedure and downlink DPCCH pilot structure. Note that the example antenna verification procedure corresponds to that assumed by Motorola for the results presented in R1#5(99)621.
· Inclusion of 2 bit FBI signalling for FB modes 2 and 3.

· Operation of FB modes during soft handover.

· Combined operation of FB modes and SSDT power control.

Text proposals for 25.211 v2.1.1

5.2.1 Dedicated uplink physical channels

There are two types of uplink dedicated physical channels, the uplink Dedicated Physical Data Channel (uplink DPDCH) and the uplink Dedicated Physical Control Channel (uplink DPCCH).

The DPDCH and the DPCCH are I/Q code multiplexed within each radio frame (see TS 25.213). 

The uplink DPDCH is used to carry dedicated data generated at Layer 2 and above, i.e. the dedicated transport channel (DCH). There may be zero, one, or several uplink DPDCHs on each Layer 1 connection.

The uplink DPCCH is used to carry control information generated at Layer 1. The Layer 1 control information consists of known pilot bits to support channel estimation for coherent detection, transmit power-control (TPC) commands, feedback information (FBI), and an optional transport-format combination indicator (TFCI). The transport-format combination indicator informs the receiver about the instantaneous parameters of the different transport channels multiplexed on the uplink DPDCH, and corresponds to the data transmitted in the same frame. It is the UTRAN that determines if a TFCI should be transmitted, hence making it is mandatory for all UEs to support the use of TFCI in the uplink. There is one and only one uplink DPCCH on each Layer 1 connection.

Figure 1 shows the frame structure of the uplink dedicated physical channels. Each frame of length 10 ms is split into 15 slots, each of length Tslot = 2560 chips, corresponding to one power-control period. A super frame corresponds to 72 consecutive frames, i.e. the super-frame length is 720 ms.
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Figure 1: Frame structure for uplink DPDCH/DPCCH.

The parameter k in Figure 1 determines the number of bits per uplink DPDCH/DPCCH slot. It is related to the spreading factor SF of the physical channel as SF = 256/2k. The spreading factor may thus range from 256 down to 4. Note that an uplink DPDCH and uplink DPCCH on the same Layer 1 connection generally are of different rates, i.e. have different spreading factors and different values of k.

The exact number of bits of the different uplink DPCCH fields in Figure 1 (Npilot, NTPC, NFBI, and NTFCI) is yet to be determined. The field order is fixed. A limited set of field combinations will be defined.

<Editors note: See Adhoc #7: The spreading factor for the DPCCH fields and the length (in bits) of each field is negotiated at connection set up. Both the spreading factor and the length of the fields may be negotiated during the connection through higher layer signalling.> 
The values for the number of bits per field are given in Erreur! Source du renvoi introuvable. and ording to Table 1. The channel bit and symbol rates given in Erreur! Source du renvoi introuvable. are the rates immediately before spreading. The pilot patterns are given in Erreur! Source du renvoi introuvable. and Erreur! Source du renvoi introuvable., the TPC bit pattern is given in Erreur! Source du renvoi introuvable..

The NFBI bits are used to support techniques requiring feedback between the UE and the UTRAN Access Point (=cell transceiver), including feedback (FB) mode transmit diversity and site selection diversity. The exact details of the FBI field in the frame structure shown in Figure 1 are given below. 
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The S field is used for SSDT signalling, while the D field is used for FB Mode Transmit Diversity Signalling. Each of the S and D fields can be length 0,1 or 2, with a total FBI field size NFBI according to Table 1 (DPCCH fields). Simultaneous use of SSDT power control and FB Mode Transmit Diversity requires that both the S and D fields be of length 1. The use of these FBI fields is described in 25.214
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5.3.2.2.Dedicated channel pilots with feedback mode transmit diversity

For certain sub-modes of feedback mode transmit diversity, orthogonal pilot sequences can be applied between the diversity antennas (see Figure 2 a, where the different shading indicates different pilot patterns). This assists in some types of antenna verification. Pilot symbol patterns are defined in tables XX. Otherwise, the pilot symbol patterns from both of the antennas are the same (see Figure 2 b). 
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Figure 2: Slot structures for downlink dedicated physical channel diversity transmission. Structure (a) may be used in conjunction with antenna verification. Structure (b) is used otherwise.
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Text proposals for 25.214 v1.1.0

5.2.3.4.6 Delivery of primary cell ID
The UE periodically sends the ID code of the primary cell via portion of the uplink FBI field assigned for SSDT use (FBI S field). A cell recognises its state as non-primary if the following two conditions are fulfilled simultaneously:

· the received primary ID code does not match with the own ID code,

· and the received uplink signal quality satisfies a quality threshold, Qth, a parameter defined by the network.

Otherwise the cell recognises its state as primary.

At the UE, the primary ID code to be sent to the cells is segmented into a number of portions. These portions are distributed in the uplink FBI S-field. The cell in SSDT collects the distributed portions of the primary ID code and then detects the transmitted ID. Period of primary cell update depends on the settings of code length and the number of FBI bits assigned for SSDT use as shown in Table 3 

Table 3: Period of primary cell update


The number of FBI bits per slot assigned for SSDT

code length
1
2

"long"
1 update per frame 
2 updates per frame 

"medium"
2 updates per frame 
4 updates per frame 

"short"
3 updates per frame 
5 updates per frame 
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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 3. 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 portion of  FBI field of uplink DPCCH slot(s) assigned to FB Mode Transmit Diversity, the FBI D field (see 25.21) . 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 UEB to LSB, i.e. UEB 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 NFBD(number of bits in the FBI D-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. NFBD, NW, update rate, feedback bit rate and number of power and phase bits per signalling word for different feedback modes

FB mode
NFBD
NW
Update rate
Feedback bit rate
Npo
Nph

1
1
1
1500 Hz
1500 bps
0
1

2
1
2
2
750 Hz
1500 Hz
1500 bps
3000 bps
0
2

3
1
2
4
375 Hz
750 Hz
1500 bps
3000 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 FSMpo is transmitted.
FSMph
Phase_difference between antennas (degrees)

0
180

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 FSM must be wholly contained within a frame. To achieve this, in certain cases adjustments are required as follows:

· For Mode 2 with NFBD=1, only the MSB of the last FSM per frame is transmitted by the UE. The Node B applies the average phase difference between the 2 possible phase differences allowed given this first bit (i.e. 45 or –135 degrees). 
· For Mode 3 with NFBD=1, for the last FSM in the frame the UE sends only the FSMph portion. The Node B applies the same power ratio as for the previous FSM.
· For Mode 3 with NFBD=2, for the last FSM in the frame the UE sends only the 2 MSBs of the FSMph portion. The Node B applies the same power ratio as for the previous FSM and maps the 2 first bits to a phase difference according to table 3.
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 for the non-soft handover case, 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.
During soft handover or SSDT power control, the antenna weight vector, w is determined so as to maximize the criteria function,

P=wH(H1HH1+ H2HH2+(((()w

where Hi is an estimated channel impulse response for BS#i. In regular SHO, the set of BS#i corresponds to the active set. With SSDT, the set of BS#i corresponds to the primary base station(s).
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 phase settings. 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 orthogonal pilot patterns on the downlink DPCCH we can apply coherent antenna verification in which we select  
[image: image7.wmf])

1

,

1

(

2

1

=

=

a

a

 if


[image: image8.wmf]{

}

)

1

,

1

(

ln(

)

1

,

1

(

ln(

)

(

2

1

2

2

1

2

1

*

)

(

,

2

)

(

,

2

1

2

=

=

-

=

=

>

å

=

a

a

a

a

g

s

p

p

h

h

Re

p

i

d

i

Npath

i

i


where 
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is the i'th estimated channel tap of antenna 2 using the PCCPCH, 
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is the i'th estimated channel tap of antenna 2 using the DPCCH,
2 is the DPCH Pilot SNIR/ PCCPCH Pilot SNIR,
i are the elements of w, 
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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). 
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