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1
Introduction

During RAN WG1#27, based on the contribution [1], it was extensively discussed whether or not STTD operation in the UE is defined in soft handover with radio links using dedicated pilots in the active set. It was also stated that the current specification of UE behaviour is not very strict, being a result of a compromise solution that was done in order to avoid impact on existing or ongoing UE implementations for R99. This argument does not hold for later releases, especially Rel5. We propose to tighten the specification of UE behaviour for TX diversity in soft handover for the Rel5 specifications.

2
Discussion

2.1
Combination of STTD and downlink phase reference

During RAN WG1#27 is was discussed whether or not the operation of STTD is defined in soft handover with radio links using dedicated pilots as phase reference. The UE behaviour is defined jointly by two subsequent sections in TS 25.211, as shown below.

General rule in section 5.3.1 in TS 25.211:

With respect to the usage of Tx diversity on different radio links within an active set, the following rules apply:

-
Different Tx diversity modes (STTD and closed loop) shall not be used on the radio links within one active set.

-
No Tx diversity on one or more radio links shall not prevent UTRAN to use Tx diversity on other radio links within the same active set.
-
If STTD is activated on one or several radio links in the active set, the UE shall operate STTD either on only those radio links where STTD has been activated or on all radio links in the active set.
-
If closed loop TX diversity is activated on one or several radio links in the active set, the UE shall operate closed loop TX diversity either on only those radio links where closed loop TX diversity has been activated or on all radio links in the active set.
The reason for including this text was that the UE may “detect” the absence of TX diversity although the RRC signalling at that time only allowed to inform the UE with one single value of TX diversity for all radio links in the active set. 

It has been extensively discussed at the RAN WG1 meeting in September 2001 how the UE shall behave in such a situation, i.e. it may reject the configuration or operate in another arbitrary way. The specification text above has been agreed as a general definition how the UE may behave as result of different TX diversity indications on different radio links in the active set. 

Additional rule in section 5.3.1.1.1 in TS 25.211:

If higher layers signal that neither P-CPICH nor S-CPICH can be used as phase reference for the downlink DPCH for a radio link in a cell, the UE shall assume that STTD is not used for the downlink DPCH (and the associated PDSCH if applicable) in that cell.

The above statement that has been included in TS 25.211 at the same RAN WG1 meeting in September 2001, defines the UE behaviour on a cell-by-cell basis for the special case of soft handover with STTD cells and non-STTD beamforming cells using dedicated pilots as phase reference. This has also been indicated as reason for change in the cover sheet of the CR [2].

RRC signaling is imposing an unnecessary restriction on the STTD usage (only allows STTD signaling for all RL of a UE), while NBAP allows signaling of STTD on a per RL basis. Usage of P-CPICH is signaled by RRC on a per RL basis. This would unnecessarily restrict soft handover between a STTD cell using CPICH as phase reference to a UE and a non-STTD cell not using CPICH as phase reference to a UE, without having STTD activated (as signaled by NBAP).

Since the requirements in TS 25.211 have to be seen as a whole, the requirement in 5.3.1.1.1 for the special situation of soft handover with a beamforming cell has to be applied in addition to the general requirement in 5.3.1, resulting in a joint requirement. Therefore, UEs that support the optional feature of dedicated pilots as phase reference, have to be able to handle STTD on/off on a per-radio-link basis. This would not delay UE availability for R99, as the support for dedicated pilots is optional. 

RAN WG2 has later on introduced explicit indications of TX diversity status for individual radio links in the active set for R99 with some “backdoor” signalling, including the “loose” specification of UE behaviour from 5.3.1. 

Section 8.6.6.27 in TS 25.331:

If the IE "Tx Diversity Mode" is included the UE shall:

1>
if the value of the IE "Tx Diversity Mode" is closed loop mode1, closed loop mode 2 or STTD:

2>
configure the Layer 1 to use the Tx diversity mode indicated in the IE "Tx Diversity Mode" for the radio links for which the IE "Closed loop timing adjustment mode" is included, ignoring the actual value of IE "Closed loop timing adjustment mode". The UE may apply the Tx diversity mode indicated in IE "Tx Diversity Mode" to all radio links in the active set, as specified in [26];
1>
if the value of the IE "Tx Diversity Mode" is "none":

2>
configure the Layer 1 not to use Tx diversity.

1>
if the IE "Tx Diversity Mode" is not included:

2>
continue to use the already configured Tx diversity mode;

2>
in case no Tx diversity mode has been configured:

3>
do not apply Tx diversity.

2.2
Combination of radio links with and without TX diversity in the active set

As discussed above, the text in section 5.3.1 was introduced in order to define the UE behaviour in case that individual cells in the active set use TX diversity differently (on/off). The specification of the UE behaviour has been written relatively loose in order to allow existing or ongoing UE implementations for R99 to further exist. However, this way of specifying the UE behaviour is not efficient for the operation of TX diversity in soft handover. RAN WG2 has later on introduced explicit indications of TX diversity status for individual radio links in the active set. This removes the uncertainty of what a UE “detects” on different radio links. As we are not bound by the same restrictions for changes in Rel5 as we were in R99, we suggest to make the specification more strict, i.e. define that the UE shall follow the indications of TX diversity status that is provided by RRC signalling. This is reflected in the attached CR for Rel5.

3
Proposal

We propose to tighten the specification of UE behaviour for TX diversity in soft handover as discussed above. A CR for Rel5 is attached. If this change is already agreeable for Rel4, we will draft a corresponding CR also for Rel4. RAN WG2 should be informed so that they can adjust TS 25.331 accordingly.
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5.3
Downlink physical channels

5.3.1
Downlink transmit diversity

Table 11 summarises the possible application of open and closed loop transmit diversity modes on different downlink physical channel types. Simultaneous use of STTD and closed loop modes on the same physical channel is not allowed. In addition, if Tx diversity is applied on any of the downlink physical channels it shall also be applied on P-CCPCH and SCH. Regarding CPICH transmission in case of transmit diversity, see subclause 5.3.3.1.

With respect to the usage of Tx diversity on different radio links within an active set, the following rules apply:

-
Different Tx diversity modes (STTD and closed loop) shall not be used on the radio links within one active set.

-
No Tx diversity on one or more radio links shall not prevent UTRAN to use Tx diversity on other radio links within the same active set.
- 
If STTD is activated on one or several radio links in the active set, the UE shall operate STTD on only those radio links where STTD has been activated. Higher layers inform the UE about the usage of STTD on the individual radio links in the active set.
- 
If closed loop TX diversity is activated on one or several radio links in the active set, the UE shall operate closed loop TX diversity on only those radio links where closed loop TX diversity has been activated. Higher layers inform the UE about the usage of closed loop TX diversity on the individual radio links in the active set.
Furthermore, the transmit diversity mode used for a PDSCH frame shall be the same as the transmit diversity mode used for the DPCH associated with this PDSCH frame. The transmit diversity mode on the associated DPCH may not change during a PDSCH frame and within the slot prior to the PDSCH frame. This includes any change between no Tx diversity, open loop, closed loop mode 1 or closed loop mode 2.

Also, the transmit diversity mode used for a HS-SCCH and or a HS-PDSCH subframe shall be the same as the transmit diversity mode used for the DPCH associated with this HS-SCCH and or HS-PDSCH subframe.  The transmit diversity mode on the associated DPCH may not change during a HS-SCCH and or HS-PDSCH subframe and within the slot prior to the HS-SCCH subframe.  This includes any change between no Tx diversity, open loop, closed loop mode 1 or closed loop mode 2.

Table 11: Application of Tx diversity modes on downlink physical channel types
"X" – can be applied, "–" – not applied, "FFS" – for further study

Physical channel type
Open loop mode
Closed loop


TSTD
STTD
Mode

P-CCPCH
–
X
–

SCH
X
–
–

S-CCPCH
–
X
–

DPCH
–
X
X

PICH
–
X
–

PDSCH
–
X
X

HS-PDSCH
–
X
FFS

HS-SCCH
–
X
FFS

AICH
–
X
–

CSICH
–
X
–

AP-AICH
-
X
-

CD/CA-ICH
-
X
-

DL-DPCCH for CPCH
-
X
X
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