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1 Introduction

4-branch MIMO has been discussed during the last RAN1 meetings. Some decisions regarding number of codewords, pilot concepts etc have been taken [1], [2]. A topic which has not been discussed too much is the control channel structure associated with 4-branch MIMO. In [3] the HS-DPCCH was briefly discussed, and in this contribution we further discuss this topic.
2 Discussion
The HS-DPCCH carries HARQ and CSI feedback information. In case of 4-branch MIMO it will carry one HARQ ACK/NACK and one CQI per codeword (CW) together with precoding and rank information. In R7 MIMO there is one HS-DPCCH format regardless of rank. One advantage with this approach is that the HS-DPCCH format is known at the NodeB. In MC operation the number of carriers, which could be viewed as similar to rank, is decided by the NodeB, and hence the HS-DPCCH format is also known at the network. For MIMO operation the instantaneous rank is decided at the UE and hence is in general unknown in the network, hence a rank dependent format would require some kind of blind format detection in the network. Since the HS-DPCCH doesn’t include a CRC this would in general give rather poor performance. 

On the other hand it may be considered as a waste of resources to have a HS-DPCCH format supporting feedback for higher rank transmissions if the channel conditions only support lower ranks. Similarly it may be expected that there exists UE categories not capable of receiving more than e.g. 2 layers [4]. For example, a dual RX UE would not be able to receive more than 2 layers.
Based on this we propose that two HS-DPCCH formats are defined for 4-branch MIMO. One format will only support up to 2 layers, while the other format would support rank 1-4. Since the format needs to be known in the network, we further propose that the format is either defined by the UE category or signaled by higher layers. In some cases it may be worth to change the format depending on the current channel conditions. For example, if a UE capable of 4 layers have reported rank 1 or 2 for some time it may be relevant to reconfigure the HS-DPCCH format from a 4 layer capable to a format supporting e.g. up to rank 2. In this case HS-SCCH orders may be considered.
By allowing for more than format critical UL resources can be saved if there is a substantial difference between the two formats.
3 HS-DPCCH formats

Low rank HS-DPCCH format

Due to the proposed UE categories [4] it is reasonable to propose one format for maximum rank 2, and another 4-branch MIMO HS-DPCCH format for the case when up to rank 4 can be scheduled. To have a substantial saving in size, it can be considered to use one CW for rank 2 transmissions. In this case a constrained HS-DPCCH format could be much smaller than a format supporting 2 CWs. 

If we assume 1 CW for rank 1 and rank 2, we only need 1 HARQ-ACK and CQI. Since the rank is known to be either 1 or 2, only one rank bit is needed together with the PCI information. In [5] it was shown that the performance difference between 1 or 2 CW for two layers is marginal. Also, it may be noted that this mapping may be needed for HARQ retransmissions as well. For example, consider the case with a rank 3 transmission and where the CW with two TB is NACK’ed. If the channel rank reduces to two at the time for retransmission, the system needs to send one CW with two TB at this time. Hence, the mapping of two TB to 1 CW may be needed in the system for HARQ operation with varying rank, hence we propose that this mapping should be possible in case a HS-DPCCH format is used that only support up to rank 2.
A possible HS-DPCCH format for a single carrier is depicted in Figure 1 below.
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Figure 1: HS-DPCCH format for rank 1 and 2.
Since only one HARQ-ACK is needed, we propose to reuse the codebook from Rel-5. Since the rank is known to be 1 or 2 one rank bit is needed (RI) in addition to the precoding information. If we assume a 4 bit (per rank) codebook (e.g. similar to the 4TX LTE codebook) we can reuse the Rel-5 CQI. The exact coding of RI/PCI is FFS, but a simple modification of the DC coding is possible.
It is noted that by using 1 CW for both rank 1 and 2 considerable savings is possible for the HS-DPCCH since only one HARQ-ACK and CQI is needed also for rank 2.

HS-DPCCH format for 4-branch MIMO

In addition to a format especially design for low rank operation, there is also a need for a HS-DPCCH format supporting any rank. In this case the HARQ-ACK structure from MC can be reused. Since a maximum of 2 CW is used, there will be up to 2CQI, and assuming a precoding codebook with 16 entries per rank (similar to LTE) 4 bits are needed for PCI and further two bits for rank indications (RI). An alternative would be to code RI and PCI together. In this case a variable number of entries per rank is possible, but the total number of bits will be in the order of 5-6. Even if a 4bit CQI is assumed (similar to Rel-7 MIMO) the total number of bits (CQI+RI+PCI) would be 13-14. Since 20bits are available this would correspond to an effective coderate of 0.65-0.70 which seem very high. As a result we propose to do time multiplexing of CQI and PCI information [5]. The exact mapping of bits is FFS, but a reasonable approach may be to map CQI information in one subframe and PCI information to the next subframe according to Figure 2.
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Figure 2: HS-DPCCH format for any rank.
It can further be noted that the CQI format from Rel-7 MIMO include a rank indicator. The first 31 entries correspond to rank 1 while the following entries indicate rank 2. For 4-branch MIMO this would correspond to layer mapping information. This would indicate if one or two transport blocks are mapped to one codeword, but still at least one bit is needed to indicate the rank. 

We note that this is one additional benefit when 1 CW is used for rank 2. In this case the CQI would indicate 1 or 2 CW, one additional bit is needed to indicate the rank. If there is 2 CW for rank 2, this is not possible. In such a case the CQI would indicate rank 1 or higher, and hence a 2bit RI is needed to separate the 3 cases using 2 CW.
4 Conclusions
In this contribution we propose two different HS-DPCCH formats to be used for 4-branch MIMO. One format specially designed for low (i.e. 1 and 2) rank operation, and one format supporting rank 1 to 4. It is further proposed that the format is signalled by higher layers or alternatively tied to the UE category. If the used format should be possible to alter using e.g. HS-SCCH orders is open for discussions.
It is further concluded that having a 1 CW approach for rank 2 is not only beneficial if a low rank HS-DPCCH format is used, but also beneficial for the higher ranks since one bit of rank information may be saved.
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