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Discussion 
1. Introduction

The work item on 4-branch MIMO was approved during the RAN#53 plenary meeting [1].  One of the assumptions is to minimize an impact of new 4-Tx MIMO design over existing non-MIMO UEs and 2x2 MIMO UEs. Another one indicates a requirement of 4-Tx MIMO being able to operate with only one uplink carrier if applied with multi-carrier DL operation. 

These assumptions should also be considered for the designing of the new feedback channel. HS-DPCCH depends on number of others details, such as codeword to layers mapping, desired granularity of a beam forming and pilot design. On the other hand, the final design of HS-DPCCH has an impact on the HS-SCCH design.

In this contribution, we present initial options for the feedback channel design which can be applied in final HS-DPCCH design. As the topic is at its initial stage, the content of the document will be further discussed during following 3GPP meetings. 
2. Legacy HS-DPCCH design

Up to Rel. 10, the feedback channel operates at only one uplink carrier and this way of reporting is supposed to be kept as it is stated in WI description [1]. When the UE operates only on one DL carrier, by using HS-DPCCH channel it can reports over one slot HARQ-ACK message and over two consecutive slots CQI values. Additionally, if MIMO operation is activated, PCI bits are jointly coded and reported together with CQI values. A rank of MIMO transmission is encoded in the CQI report. The HARQ-ACK reporting cycle of 2ms is independent of the number of carriers used for DL transmission (1 – 4 carriers), whereas the CQI or CQI/PCI reporting cycle depends on the number of carriers and it can be 4ms long (two consecutive TTIs). In each sub-frame, one slot is always granted for HARQ-ACK messaging and two slots are granted for CQI/PCI reporting (see Figure 1) [4].
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Figure 1 HS-DPCCH channel design

The number of bits used to report a HARQ-ACK message can be either 10 or 20 bit and it depends on which slot format is currently utilized. There are also different codebooks for HARQ-ACK messages available and are applied according to number of scheduled transport blocks in downlink transmission. For UEs operating in MIMO mode, CQI and PCI bits are transmitted together in the same slot. Depending on the rank of the MIMO transmission, 7 or 10 bits are used to create CQI/PIC report fitting into one slot (see Figure 2). Each CQI value is reported for each stream. For UEs operating in 2x2 MIMO (rank2) and receiving transport block on four DL carriers, there are eight CQI values being reported to the NodeB. As mentioned above, a full reporting cycle in such a case is 4ms and without changing CQI codebooks it is impossible to report more values within 4ms reporting cycle.

In the following sections, we present options for feedback channel design. In this contribution, we are limiting our considerations to the HS-DPCCH channel only. All other aspects which can impact HS-DPCCH channel design are not discussed.
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Figure 2 Construction of composite CQI/PCI report
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3. Design of ACK/NACK reporting


Assuming that the codeword to layer mapping is done in one-to-one manner (one codeword to one layer), we can expect an increase of feedback information that needs to be transmitted over HS-DPCCH channel, including HARQ-ACK feedback. Currently (according to Rel. 10) up to eight transport blocks can be reported with one slot HARQ-ACK field and according to the WI [1], the HS-DPCCH sub-frame pattern (see Figure 1) should be kept unless strong reasons are presented. With 4-Tx MIMO, as well as with 8C-HSDPA (with MIMO) the number of transport blocks that should be reported will increase up to sixteen. The 8C-HSDPA took the approach of I/Q multiplexing two SF128 HS-DPCCHs for the added CQI and HARQ-ACK reporting, reaching up to 16 ACK/NACKs and 8 CQI reports per one HS-DPCCH sub-frame.

For one-to-one codeword to layer mapping (a) and for not changed sub-frame pattern (b) (see Figure 1) there are no reasonable solutions available. Therefore, resigning from both above assumptions (a and b) following options can be considered as a possible solution:
A) one codeword to more than one layer mapping,
B) extending the 8C-HSDPA HS-DPCCH design approach to 4-Tx MIMO

C) current sub-frame pattern (presented on Figure 1) is a subject of change.
D) ACK/NACK messages bundling

A)


Having at most two code words with a fixed layer mapping was already discussed during RAN1 #66bis meeting [2]. For all four downlink carriers it will result in no change in the HARQ-ACK reporting in term of codebook size. That means up to eight streams are reported with a feedback channel. For HS-DPCCH channel design such a solution will not bring additional complexity and again it will be possible to keep existing codebooks design. However, this approach does not come without cost. The main drawback is a loss in link adaptation flexibility when the channel allows for 3 or 4 layer transmissions.
B)


The extension of dual-HS-DPCCH approach adopted for 8C-HSDPA would be fairly straight forward. The HARQ-ACKs can be considered to go in pairs as done with 8C-MIMO. The main drawback of this solution is that it would not be very nicely extendible to 8C-HSDPA with 4Tx MIMO.
C)


Another option, is to change the HS-DPCCH sub-frame pattern. Any solution within this option should consider increased number of HARQ-ACK messages to be reported. It should also be consistent with the proposal of CQI and PCI reporting. The solution will allow for:
I) 
sending HARQ-ACK reports for all DL streams,
II) report CQI, PCI and rank to cover all streams and carriers (up to four).


Currently, the HARQ-ACK report occupies one slot in a sub-frame (see Figure 1). Option C assumes either sending HARQ-ACK reports over more than one slot in a given sub-frame or span HARQ-ACK report over more than one sub-frame. Increased requirements for processing speed of HARQ-ACK report at NodeB or increased delay of HARQ-ACK report are main drawbacks. Nevertheless, option C could save a scheduling flexibility which is a drawback of option A.
D)


ACK/NACK bundling option will allow for reporting e.g. two transport blocks with one ACK/NACK message. For HS-DPCCH design pros and cons are the same as in case of option A.
4. Design of CQI and PCI reporting

For 4-Tx MIMO transmission, the feedback channel must be adopted to report:

A) CQI values for all layers and carriers in most demanding scenario in term of amount of CQI values to be reported. Assuming maximum two code words [2], CQI values must cover larger dynamic range. The drawback of that option is a necessity of reducing granularity or increasing number of CQI code words (and at the end increased number of bits used for CQI reporting).
Another option for CQI reporting is further reduction of CQI feedback cycle (e.g. up to 8ms) but only for limited cases, e.g. four DL carriers and rank4 transmission. A reduction of the CQI feedback reporting cycle is also discussed in performance of multiflow with varying CQI reporting analysis [3] and could be also an option for 4-Tx MIMO CQI reporting. It seems to be acceptable to extend the reporting cycle up to 8ms (4 TTIs). An exact number of cases, for which reduced feedback cycle is reasonably is FFS. 
Dual-HS-DPCCH approach as chosen for the 8C-HSDPA with MIMO could be extended in such a way that CQI reports of a pair of 2x2 MIMO carriers is interpreted as CQI reports of one carrier 4Tx MIMO carrier, and also provide for 4 PCI bits per carrier. Similarly to the HARQ-ACK design, this approach might not extend well to 8C-HSDPA with 4Tx MIMO.

B) higher number of bits used for PCI. PCI codebook size will be greater and more than 2 bits should be considered to indicate pre-coding weights.

C) rank indication. To indicate a preferred rank UEs will use 2 bits and report it in a separate way and explicitly. But explicit indication can be reduced to 1 bit feedback only for other than rank4 transmission.


The exact design of CQI and PCI need further studies. For PCI we can use either one codebook or separate codebooks. It can be also considered a jointly coded PCI and rank indication which could be optimized for lower order of rank resulting in lower number of bits which are sent over feedback channel. Also for CQI reporting further studies are need to decide if one codebook or separate codebooks should be utilized. For the case of separate codebooks an option of further reducing feedback cycle can be considered.

The design of CQI and PCI can be also affected if option B of HARQ-ACK design will be used. To compensate increase sub-frame occupation by HARQ-ACK messages (e.g. over two slots), reduced CQI feedback cycle can be on option. 

5. Summary


In this contribution we are proposing different ways of feedback channel design. Nevertheless, at the moment a number of other parts of 4-Tx MIMO are under discussion which has an influence over final shape of HS-DPCCH design. 
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