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1.
Introduction

TSG RAN WG1 has adopted Site Selection Diversity Transmission (SSDT) as one performance enhancement method for downlink. Physical layer specifications being produced by WG1 {ref 1, 2} includes SSDT as an optional feature of BTS.   In RAN WG1 meeting  #3 it has been decided that support of SSDT functionality is mandatory for all kinds of UE {ref. 3}.   TSG RAN WG2 and WG3 are respectively standardising specifications related to SSDT.   This paper considers the test requirements for SSDT.   Suitable text is proposed for UE performance requirements for inclusion in TS25.101 and BS functional requirements for inclusion in TS25.104.  

2.
Site Selection Diversity Transmission 

Site Selection Diversity Transmission (SSDT) is a macro diversity method in soft handover mode.  SSDT is initiated and terminated by the network.    In SSDT mode, the UE selects one of the cells from its active set to be “primary”, all other active cells are classed as “non-primary”.   The main objective is to transmit downlink DCH from best cell(ie: primary cell), thus reducing the interference caused by multiple transmissions in a soft handover mode.    The non-primary cells switch off the DCH transmission.   This is achieved by fast site selection without network intervention, thus maintaining the advantage of soft handover.  The UE selects the primary cell by monitoring the received power level or quality of the downlink common pilot channels.  The primary cell ID code is delivered to active cells using uplink FBI field of DPCCH.   

3.
Discussion on Test Requirements

The SSDT mode needs to be tested in order to:

· ensure that UE is able to correctly enters and leaves SSDT mode when commanded by UTRAN by means of layer 3 signaling messages.   This requirement would be tested by means of protocol tests being defined by TSG-T.

· ensure that UE transmits correct Layer 1 Feedback Signaling Messages (FSM) for SSDT to function properly.  Incorrect FSMs can result in capacity loss.  This requirement can be tested by means of a functional test of UE.

· ensure that when in SSDT mode, UE is able to reliably select correct base station as the “primary” BS in presence of noise/interference.   For this, UE has to reliably measure received power level of common pilot channel(s) of each of the active base stations so that it is able to select correct base station for SSDT to operate effectively.   Subsequently the UE has to demodulate the DPCH of the selected BS until another BS is selected and failure in UE to do this can result in performance loss.  As this requirement involves UE receiver, it can be tested by means of a performance test of UE.  

· ensure that BS reacts correctly to Layer 1 SSDT FSMs from UE.  

Functional and performance requirements of UE with respect to SSDT are mandatory.   Implementation of SSDT in BS is optional and therefore related requirements are optional for BS.   

In the following sections the functional and performance test requirements of UE and BS are considered and text proposal is made for the UE performance requirements for inclusion in TS25.101 and BS functional requirements for inclusion in TS25.104.

3.
UE Functional Test Requirements for SSDT

Functional test for SSDT should focus on testing of correct Layer 1 Feedback Signaling Messages from UE.  In other words the UE must transmit only the valid FSMs on the reverse link. One example of  functional test for SSDT FSM is described below.  Text proposal for specification is not given as it is not appropriate for the specifications being produced by RAN WG4.  However,  the recommendations given below can be used in future text proposals to specifications being produced by other TSGs (eg: TSG-T).

At least two BS emulators are necessary for the UE functional test.   (Note that two BS emulators are also required for the testing of minimum performance requirements for soft handover.)   In the case of SSDT functionality test,  transmit power level of common pilot channel, CPICH, of the individual BS is adjusted such that UE is able to select one of the BS by transmitting appropriate FSM using FBI bits on the uplink DPCCH.  The FSM is decoded by at least one BS emulator to verify with expected FSM. 

UTRAN assigns each cell a temporary Cell ID.   There are 3 temporary Cell ID Code sets (“Long”, “Medium” and “Short”) and all of these need to be checked for correct functional operation.

The following is one example of the functional test:

Test conditions:

· Static channel (AWGN) in Downlink

· Select  DPDCH Channel of 12.2kbps for both BSs.   

The feedback signaling messages could be tested as follows:

· Activate SSDT.

· Select Cell ID code set (Long, Medium and short).   {see ref. 1, section 5.2.3.5 for the code set details}

· Choose FBI mode (1 or 2 bits).

· Set transmit power of BS “A” DPDCH to Z dBm, such that UE Eb/No is X.

· Set transmit power of BS “A” CPICH to Y dBm,    
where Y =  Z + (UE AGC dynamic range –  (K x delta)), with K > 1.   
( this is so that CPICH received at UE is at maximum power,  just below the AGC dynamic range of the receiver.)

· Allocate the first Cell ID code to BS A.     {see ref. 1, section 5.2.3.5 for the cell ID code details}

· Set transmit power of BS “B” DPDCH to Z dBm

· Set transmit power of BS “B” CPICH to YdBm

· Allocate an ID code to BS B.

When CPICH power of BS A  received by UE is higher than that of BS B, the FSM from UE should contain Cell ID code of BS A.   Similarly, when CPICH power of BS B received by UE is higher than that of BS A, the FSM from UE should contain Cell ID code of BS B.   However, when CPICH power of BS A and BS B received by UE is equal,  RSS measurement tolerance of UE will determine the cell selection, but nevertheless  the FSM from UE must contain one of the valid Cell IDs.   
The Feedback signaling messages on the DPCCH of the UE (with 1-bit FBI), transmitted on uplink, should be as shown in Table 1 below; (delta = UE RSS measurement tolerance).

The Feedback signaling messages on the DPCCH of the UE (with 2-bit FBI), transmitted on uplink, should be as shown in Table 2 below; (delta = UE RSS measurement tolerance).

Table 1




Cell ID Code Set = Long
Cell ID Code Set = Medium
Cell ID Code Set = Short

Cell ID
BS A CPICH power
Value of first FBI bit in 
Value of first FBI bit in 
Value of first FBI bit in 



Timeslot No. (hex)
Timeslot No. (hex)
Timeslot No. (hex)

BS A
BS B

1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F



 Y+delta
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

a
b
 Y 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0




OR
OR
OR
OR
OR
OR




1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



Y-delta
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1



Y+delta
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

a
c
 Y 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0




OR
OR
OR
OR
OR
OR




0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
0
0
0
1
1
0
0
0
1
1
0
0
0
1
1



Y-delta
0
0
0
0
0
0
0
0
1
1
1
1
1
1
1
0
0
0
0
1
1
1
1
0
0
0
0
1
1
1
0
0
0
1
1
0
0
0
1
1
0
0
0
1
1

* Table can be extended to test up to 8 Base stations.

Table 2




Cell ID Code Set = Long
Cell ID Code Set = Medium
Cell ID Code Set = Short

Cell ID
BS A CPICH power
Value of two FBI bits in
Value of two FBI bits in 
Value of two FBI bits in 



Timeslot No. (hex)
Timeslot No. (hex)
Timeslot No. (hex)

BS A
BS B

1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F
1
2
3
4
5
6
7
8
9
A
B
C
D
E
F



 Y+delta
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

a
b
 Y 
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00




OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR




11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11



Y-delta
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11



Y+delta
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

a
c
 Y 
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00




OR
OR
OR
OR
OR
OR
OR
OR
OR
OR
OR




01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01



Y-delta
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

* Table can be extended to test up to 8 Base stations.

4.
UE Performance Test Requirements for SSDT Scheme

SSDT mode can be activated by UTRAN when a UE is in soft handover region.  In this mode the UE has to reliably measure power level of received common pilot channel transmitted by each of the active BSs, in a manner similar to when UE is in inter-cell soft-handover mode. The measurement rate needs to at least equal the FSM rate for proper SSDT operation.   Note that the fastest FSM rate arises from using “short” Cell ID Code set, with two FBI bits assigned for SSDT FSM.  Depending on the received power of common pilot channels UE transmits appropriate FSM on the DPCCH.   Upon receiving and decoding of this FSM only the selected BS will transmit DPDCH until the UE selects another BS.  Therefore the UE has to demodulate the DPDCH transmitted by the selected BS and failure to do this would result in performance degradation of the DPDCH and hence loss of capacity. 

Furthermore, the uplink radio propagation channel will cause bit errors in the FBI bits carrying the SSDT FSM. Some of these errors should be recoverable by the BS receiver due to built in redundancy.   Nevertheless, whenever the decoded Cell ID is in error, the consequences would be that for the next time frame:

· more than one BS would transmit (when the BSs individually determine that the UE has selected it as the primary BS), or  

· selected BS does not transmit (when error in received Cell ID leads the selected BS to determine that it is no longer a primary BS), or  

· selected BS does not transmit and non-selected BS transmits.

By UE comparing DPCCH and DPDCH fields received power ratios,  the presence of data field will become evident for the duration of time slot.   Classical combining of the received signals can be used to utilise the multiple transmissions.   In a similar way impact of the case of selected BS not transmitting and non-selected BS transmitting can also be reduced.

Hence it is recommended that the UE performance in SSDT mode should be tested with [4]% random bit errors are injected (by the BS emulator) the in the uplink DCH, thus causing errors in SSDT FSM.  The BS emulators should faithfully follow the received SSDT FSM.   Minimum performance requirement needs to be defined for UE in order to ensure that SSDT operates effectively.

This test should be similar to the intercell soft-handover performance (section 8.7 of TS25.101v2.2.0), but with SSDT enabled.   Two BS emulators are required for this performance test.  The performance should be tested for the multipath-fading environment at 3kmph.   The bit error rate performance of the UE receiver should be determined.

4.1
Text Proposal to  TS25.101 

The following text is proposed for inclusion in TS25.101 (v2.2.0).   

8.7.3
Performance in Site Selection Diversity Transmission (SSDT) mode

The bit error characteristics of UE receiver is determined in SSDT mode. Two BS emulators are required for this performance test.   The delay profiles of signals received from different base stations are assumed to be the same but time shifted by 10 chip periods (2604ns).   

8.7.3.1
 Minimum Requirements

For the parameters specified in Table X1, the BLER shall not exceed the piece-wise linear BLER curve specified by the points in Table X3

Table X1: DCH parameters in multi-path propagation conditions during SSDT mode 
(pedestrian 3kmph environment)

Parameter
Unit
Test 1
Test 2
Test 3
Test 4
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Where the 4 test modes are defined as follows:

Table X2
Test Mode
delta (dB)
Number of FBI 

bits assigned to 

“S” Field
Cell ID 
Codeword Set

Test 1
0
1
long

Test 2
3
1
long

Test 3
0
2
short

Test 4
3
2
short

Table X3: DCH requirements in multi-path propagation conditions during SSDT Mode 
(Pedestrian 3kmph Environment).
Test Number
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5.
BS Functional Test Requirements for SSDT

BS functional test for SSDT should focus on testing of correct response to Layer 1 Feedback Signaling Messages from UE.   

According to SSDT description in TS25.214v1.1.1,  a BS recognises its state as “non-primary” if the following two conditions are fulfilled simultaneously:

· the received/decode Cell ID does not match with the own ID code

· the received uplink signal quality satisfies a quality threshold, Qth, a parameter defined by the network, where  Qth can represent, for example, SIR threshold of the uplink DCH

Otherwise the BS recognises its state as primary.

5.1
Text Proposal to TS25.104

The following text is proposed for inclusion in TS25.104.

8.3            Soft Handover Performance

8.3.x         BS Functionality in SSDT Mode

This requirement for SSDT mode ensures that BS correctly reacts to Layer 1 feedback signaling messages from UE.

8.3.x.1      Minimum Requirements

For the conditions specified in Table XX1, the BS shall transmit or not transmit the downlink DPDCH channel.

Table XX1: Parameters for SSDT mode test

Parameter
Unit
Test 1
Test 2
Test 3
Test 4

Cell ID of BS under test
-
A
A
A
A

SSDT Quality threshold, Qth, set in BS
dB
Q

Uplink:
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Cell ID transmitted by UE
-
A
B
A
B

Transmission 

of downlink DPCCH
-
yes
yes
yes
yes

Transmission  

of downlink DPDCH
-
yes
no
yes
yes

The above test should be for repeated for each of the three code sets “long”, “medium” and “short” Cell ID code sets.     The UE emulator can check the power ratio of downlink DPDCH/DPCCH in order to confirm whether BS transmitted the DPDCH.

6.       References

{1} TS 25.214 v1.1.1 Physical Layer Procedures (FDD), TSG RAN WG1: Tdoc R1-(99)a69    

{2} TS 25.211 v2.2.1 Physical Channels and mapping of transport channels onto physical channels (FDD),
       TSG RAN WG1: Tdoc R1-(99)a71

{3} Ad-hoc 11 Meeting Report, Tdoc R1-(99)255

Page 6 of 6

_997272771.unknown

_998160844.unknown

_998160880.unknown

_998173603.unknown

_997272773.unknown

_997272775.unknown

_997272772.unknown

_997272767.unknown

_997272770.unknown

_997272766.unknown

