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1. Background

During the latest meetings, the use of transmit diversity for HS-PDSCH and HS-SCCH has been discussed in several contributions. Open loop transmit diversity (STTD) has been agreed upon and is included in the current specifications. Closed loop schemes, both mode 1 and 2, are for further study as there are some open issues not fully investigated yet [1]. Several previous contributions from various companies, e.g.,  [2]

 REF _Ref16999484 \r \h 
[3]

 REF _Ref16999445 \r \h 
[4], has shown that closed loop mode transmit diversity will give a significant gain in performance in some situations. Thus, it is beneficial to allow closed loop transmit diversity to be used in conjunction with HSDPA. It should also be noted that, if closed loop transmit diversity is not allowed for the HS-PDSCH and HS-SCCH, closed loop transmit diversity cannot be used on the associated DPCH either as all channels are supposed to use the same scheme. Hence, the use of closed loop transmit diversity will be limited  for R99/Rel-4 channels as well.

In this contribution, some of the more important open issues relating to close loop transmit diversity in conjunction with HS-PDSCH and HS-SCCH are discussed and it is concluded that there are not major problems associated with the inclusion of closed loop mode one in the specifications, while further studies are recommended for mode two. The necessary CRs for the inclusion of closed loop mode one are also provided in this contribution.

2. Open Issues

In [1], several open issues in conjunction with closed loop transmit diversity are discussed. Some of the issues are of more general character, e.g., in what scenarios closed loop transmit diversity provides any gains, and not directly related to the HS-DSCH and HS-SCCH, while other issues mentioned are more directly related to HSDPA. Of particular interest among the issues mentioned in [1] are:

· Power imbalance between PAs in the Node B. Closed loop mode two utilizes a power weighting between the two antennas such that 80% of the power used by the channel is transmitted on one antenna and the remaining 20% on the other antenna. The instantaneous power balance depends on the feedback commands from the UE. As the HS-PDSCH is expected to be of quite high power, there has been some concerns about the impact on the PAs from a single high-power channel in mode two. Note that this is not an issue for mode one, where the UE does not control the power balance between the two antennas. There is some relevance in this comment, although one might argue that it is an implementation issue depending on the PA configuration, i.e., do not use mode two if it causes problems for a particular PA design.

· Changes in the power balance (antenna weights) between the two antennas during a sub-frame in conjunction with 16QAM. As the total transmitted power from the two antennas can be kept constant, regardless of the feedback weights, the CPICH-to-HS-PDSCH power ratio utilized by the demodulation process is unaffected by any changes in the feedback weights. Hence, in principle this is not a fundamental problem for mode two as long as the UE and the Node B has the same understanding of the feedback weights. However, note that this most likely poses additional requirements on the antenna verification procedure in the UE compared to R99/Rel-4.

· HARQ buffer corruption, i.e., receiving strong but incorrect soft bits due to mismatch between the antenna weights the UE believes the Node B did apply and the weights actually used.  A powerful antenna verification algorithm is required in the UE in order to reduce the negative performance impact. Antenna verification, which is currently not mandated in the specifications, is more cumbersome with mode two due to the larger number of hypotheses to test [2].

3. Conclusion

No fundamental problems has been found with applying closed loop mode one to the HS-PDSCH and the HS-SCCH. For mode two, there are some issues that require further study. Therefore, it is recommended to include at least closed loop transmit diversity mode one for HS-PDSCH and HS-SCCH into the specifications. The necessary CRs for inclusion of mode one are attached.
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5.3.1
Downlink transmit diversity

Table 11 summarizes 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 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.
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 mode


TSTD
STTD
Mode 1
Mode 2

P-CCPCH
–
X
–
–

SCH
X
–
–
–

S-CCPCH
–
X
–
–

DPCH
–
X
X
X

PICH
–
X
–
–

PDSCH
–
X
X
X

HS-PDSCH
–
X
X
FFS

HS-SCCH
–
X
X
FFS

AICH
–
X
–
–

CSICH
–
X
–
–

AP-AICH
–
X
–
–

CD/CA-ICH
–
X
–
–

DL-DPCCH for CPCH
–
X
X
X
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8.1
Determination of feedback information

The UE uses the CPICH to separately estimate the channels seen from each antenna.

Once every slot, the UE computes the phase adjustment, (, and for mode 2 the amplitude adjustment that should be applied at the UTRAN access point to maximise the UE received power. During soft handover, the UE computes the phase adjustment and for mode 2 the amplitude adjustment to maximise the total UE received power from the cells in the active set.  In the case that a PDSCH, HS-PDSCH, or HS-SCCH is associated with a DPCH for which closed-loop transmit diversity is applied, the antenna weights applied to the PDSCH, HS-PDSCH, and HS-SCCH, respectively, are the same as the antenna weights applied to the associated DPCH. In case a PDSCH, HS-PDSCH, or HS-SCCH is associated with a DPCH during soft handover, the UE may emphasize the radio link carrying PDSCH, HS-PDSCH, or HS-SCCH, respectively, when calculating the antenna weights. An example of how the computations can be accomplished is given in Annex A.2.

The UE feeds back to the UTRAN access point the information on which phase/power settings to use. Feedback Signalling Message (FSM) bits are transmitted in the portion of FBI field of uplink DPCCH slot(s) assigned to closed loop mode transmit diversity, the FBI D field (see [1]). Each message is of length NW  = Npo+Nph bits and its format is shown in the figure 4. 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 4: Format of feedback signalling message. FSMpo transmits the power setting and FSMph the phase setting

The adjustments are made by the UTRAN Access Point at the beginning of the downlink DPCCH pilot field. The downlink slot in which the adjustment is done is signalled to L1 of UE by higher layers. Two possibilities exist:

1)
When feedback command is transmitted in uplink slot i, which is transmitted approximately 1024 chips in offset from the received downlink slot j, the adjustment is done at the beginning of the pilot field of the downlink slot (j+1) mod 15.

2)
When feedback command is transmitted in uplink slot i, which is transmitted approximately 1024 chips in offset from the received downlink slot j, the adjustment is done at the beginning of the pilot field of the downlink slot (j+2) mod 15.
Thus, adjustment timing at UTRAN Access Point is either according to 1) or 2) as controlled by the higher layers.

The timing of the weight adjustment of the PDSCH is such that the PDSCH weight adjustment is done at the PDSCH slot border, N chips after the adjustment of the associated DPCH, where 0 ( N < 2560.

The timing of the weight adjustment of the HS-PDSCH and the HS-SCCH is such that the HS-PDSCH and HS-SCCH weight adjustment is done at the HS-PDSCH and HS-SCCH slot border, respectively, M chips after the adjustment of the associated DPCH, where 0 ( M < 2560.
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