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Discussion

1.
Introduction

The RAN meeting #46 approved a new work item tasking the working groups to specify 3-4 cell HSDPA operation in combination with MIMO ‎[1]. 

RAN1 meeting #59bis in Valencia discussed of the HS-DPCCH structures and minuted the following:

· HS-DPCCH code design for case when 4 carriers are configured

· Alternatives presented:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice  between 1xSF128 and 2xSF256 is to be made at RAN1#60. 

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

· FFS whether optimisations are needed / justified for special cases (e.g. 3 carrier case). 

· FFS if HS-DPCCH transmission can be adapted depending on activation status of downlink carriers to maximise uplink efficiency, including whether Rel-9 format is used in case of only 2 carriers being activated.

This contribution takes a more detailed look at how the HS-DPCCH can be constructed with a single SF128 code to support 4 carrier HSDPA operation with MIMO.
2.
Design targets for SF128 HS-DPCCH
The following points are taken as design targets for HS-DPCCH
· The HS-DPCCH slot structure is not changed, i.e. the 1-slot HARQ-ACK and the 2-slot CQI fields are preserved.

· The existing HARQ-ACK and CQI code mappings are used as much as possible

· The HS-DPCCH transmission needs to adapt to the activation status of the DL carriers in such a way that e.g. if only two DL carriers are active the HS-DPCCH should not need more Tx power than with existing specifications for DC-HSDPA operation.

The above targets lead to the following design choices.

· The HARQ-ACK field should be split in two 10-bit sub-fields to maintain as good a backwards compatibility as possible to the existing HARQ-ACK code books and decoding. The two 10-bit sequences could be time multiplexed, or the bits could be interleaved over the slot.

· In order to avoid complicating DRX detection in the Node B and not doing a HS-DPCCH power change in the middle of HARQ-ACK slot the HARQ-ACK field should only be DTX’d if there was no consistent control information on any of the HS-SCCHs, i.e. the full slot is DTX’d, or all 20 channel bits are transmitted. This leads to a need of some new DTX code words, or reuse of existing code words.
· The CQI field should be split in two 20-bit sub-fields similar to the HARQ-ACK field. The two 20-bit sequences could be time multiplexed to two one-slot long sub-fields, or the bits could be interleaved over the whole two-slot CQI field.

· The HARQ-ACK and CQI formats need to be able to adapt to the activation status of the DL carriers.

· A flexible DL carrier to HS-DPCCH mapping is needed

3.
HARQ-ACK

The Rel-8 DC-HSDPA + MIMO construction for HARQ-ACK is taken as basis for the HARQ-ACK encoding. Feedback for up to 4 TrBlks are encoded in one 10-bit sequence and two 10-bit sequences are generated. In case one of the two fields would result with DTX, but the other not, a POST code word is transmitted instead. 
For non-MIMO there are two branches that could be followed – the SF128 solution where the non-MIMO DC-HSDPA HARQ-ACK is extended the same way as above, or the DC-HSDPA + MIMO encoding is used instead. The problem with the latter approach is that with 4 carriers the code words defined for DC-MIMO don’t suffice and a new code book would need to be developed. Today’s code book has 50 code words, when the new code book would need 34 -1 code words to cover all ACK/NACK/DTX combinations (all DTXs would be the only case not requiring a code word), and supporting PRE/POST code words would result a total of 82 code words. Thus it appears more attractive to consider SF128 also for non-MIMO case and interleave two DC-HSDPA code words in one SF128 HARQ-ACK slot.

For the case where due to carrier deactivation there are only one or two DL carriers active it would be possible to either fall back to the Rel-9 DC-HSDPA operation and SF256, or continue using SF128, but with repetition coding. 
Possible optimizations for the case where 3 carriers are configured/activated can be considered after the most demanding cases have been agreed.

4.
CQI

The 4-carrier MIMO CQI transmission is covered by sending two composite PCI/CQIs per CQI field (total of 2 PCIs and 4 CQIs) contrary to one in Rel-9. The actual PCI/CQI mapping to a 20-bit sequence follows the rules of Rel-9. This a single CQI field provides CQI/PCIs for two carriers and the support for 4 carriers is achieved by time multiplexing as in Rel-9.
The most straight forward solution would be to take the DC-HSDPA dual-CQI report and either multiplex two of these in one CQI field of SF128 code, or time multiplex them in two consecutive CQI fields and use SF256. Alternatively an attractive solution well compatible with SF128 HS-DPCCH and with good link performance would be concatenating two 5-bit CQIs in one CQI field and use time multiplexing over consecutive CQI fields to carry all 4 CQIs. In general it appears that the CQI design offers more flexibility due to the availability of time multiplexing and thus can be adapted to any SF quite freely.
When only one or two carriers are active it would be possible to either fall back to Rel-9 DC-HSDPA operation and SF256, or continue using SF128, but with repetition coding.

Possible optimizations for the case where 3 carriers are configured/activated can be considered after the most demanding cases have been agreed.

5
Conclusions & proposals.
This contribution laid out a frame work with which a SF128 HS-DPCCH for 4-carrier HSDPA + MIMO can be constructed. It is further noted, that when only one or two DL carriers are active we could either fall back to SF256 operation, or continue using SF128 with repetition. In general it appears that there are more flexible CQI design options available and thus it can more easily be adapted to the choices made for HARQ-ACK than the other way around.

Hence the following proposals are made:

For 4C-MIMO SF128 HS-DPCCH is selected

1. For HARQ-ACK

a. The HARQ-ACK code uses the DC-MIMO code book

b. The two code words are bit-interleaved in one HARQ-ACK field

c. The HARQ-ACK slot is DTX’d only if there is DTX on full slot, if only one code word would need to indicate DTX, POST code word is transmitted

2. For CQI

a. The CQI uses DC-HSDPA+MIMO code book encoding PCI and two CQIs in a joint code word
b. PCI/CQIs for two carriers are bit-interleaved in one CQI field

c. The carrier 1&2 PCI/CQI and carrier 3&4 PCI/CQI are time multiplexed in two consecutive CQI fields.

For 4C HSDPA without MIMO, SF128 HS-DPCCH is selected
3. For HARQ-ACK

a. The HARQ-ACK code uses the DC-HSDPA code book

b. The two code words are bit-interleaved in one HARQ-ACK field

c. The HARQ-ACK slot is DTX’d only if there is DTX on full slot, if only one code word would need to indicate DTX, POST code word is transmitted

4. For CQI

a. The CQI uses Single carrier HSDPA code book
b. CQIs for two carriers are bit-interleaved in one CQI field

c. The carrier 1&2 CQIs and carrier 3&4 CQIs are time multiplexed in two consecutive CQI fields.

For 4C-MIMO when one or two carriers only are active, SF128 HS-DPCCH is selected

5. For HARQ-ACK

a. The HARQ-ACK code uses the DC-MIMO code book

b. The single code word is repetition encoded to fill the HARQ-ACK field

6. For CQI

a. The CQI uses DC-HSDPA+MIMO code book encoding PCI and two CQIs in a joint code word

b. PCI/CQI for one active carrier is sent in one CQI field using repetition encoding

c. PCI/CQI of the other active carrier (if applicable) is sent on the consecutive CQI field using repetition encoding.

For 4C HSDPA without MIMO when one or two carriers only are active, SF128 HS-DPCCH is selected
7. For HARQ-ACK

a. The HARQ-ACK code uses the DC-HSDPA code book

b. The single code word is repetition encoded to fill the HARQ-ACK field

8. For CQI

a. The CQI uses Single carrier HSDPA code book

b. CQI for one active carrier is sent in one CQI field using repetition encoding

c. CQI of the other active carrier (if applicable) is sent on the consecutive CQI field.

Finally it is proposed to consider possible 3-carrier optimizations only after the 4 carrier and fallback to 1 and 2 carrier operation have been decided.
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