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1 Introduction

In RAN1#66 bis and RAN1#67, many contributions on the design choices of HS-DPCCH were presented.  In general HS-DPCCH design depends on many factors like number of codewords supported, number of HARQ processes, precoding codebook etc. It was decided in RAN1#67 that four branch MIMO should support two codeword and two HARQ processes as the current working assumption. In this contribution we outline some feedback channel design options for four branch MIMO based on the current working assumption of 2 codeword and 2 HARQ processes.
We outline these design options by keeping in mind the work item assumptions of

· Existing functionality should be re-used unless non-re-use can be justified by clear benefits.

· The benefits of supporting 4-branch MIMO in combination with multi-carrier operation should be assessed during the work item. If benefits are deemed sufficient, enable operation of 4-branch MIMO in combination with downlink multi-carrier operation over 1-4 carriers.

· It shall be possible to operate 4-branch MIMO in combination with a single uplink carrier if applied with downlink multi-carrier operation.

The general goal is to strive for a well-performing solution while at the same time trying to re-use existing solutions, e.g. multicarrier, when designing HS-DPCCH for 4x4 DL MIMO. One example is that it would be beneficial to re-use available codebooks if possible.
2 Legacy Feedback Channel Details
The HS-DPCCH in Rel-5 to Rel-9 is based on a 1xSF256 solution. The structure of the HS-DPCCH is shown in Figure 1. As well-known, the HS-DPCCH sub-frame structure consists of 1 slot for HARQ-ACK transmissions and 2 slots for CQI/PCI transmissions. We would like to keep this structure for 4-branch MIMO.
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Figure 1: Illustration of the HS-DPCCH slot format.

HARQ Details: For Rel-7 MIMO the HARQ-ACK codebook consists of 6 codewords plus PRE/POST.
CQI/PCI Details: In Rel-7 there are 5 or 2x4 bits allocated for describing the CQI depending on the CQI type. There are 30 or 15 CQI values per stream for rank1 and rank2, respectively, and rank is implicitly signalled via the CQI. Furthermore CQIs for each stream are signalled independent of each other. In addition to CQI bits there are 2 bits allocated for signaling the preferred pre-coding information. The 7 (or 10) information bits are then encoded into 20 channel bits that are transmitted during the second and third slot.

3 HARQ Design for Four Branch MIMO System
 For 2 codeword, 2 HARQ processes we would like to recommend to re use the Rel-7 HARQ-ACK codebook.
3.1.1 Multi-carrier extension

Re-using the multi-carrier evolution steps makes it straightforward to extend the HARQ-ACK signalling for 4x4 DL MIMO with multiple carriers. For 2 carriers, keep the SF256 structure and re-use some of the Rel-9 codewords to jointly code ACK/NACK for two carriers. Similar to multi-carrier we need to include cases where one carrier is DTXed. For 3-4 carriers it is natural to re-use the Rel-10 multi-carrier operation with SF128 structure (grouping carriers two and two) and introducing the DTX codeword.  
4 CQI/PCI Design for Four Branch MIMO System
 For a 4 branch MIMO the UE should report
· CQI bits: For two HARQ processes, we need two CQI same as that of Release 7. Hence total 8 bits for the two CQI. We can reuse the CQI tables of Release 7.

· Rank indication (RI): Since up to 4 streams are possible, we recommend using 2 dedicated bits for indicating rank information. 
· Pre-coding indication (PCI):  The working assumption of 4 bits is used to indicate the precoding weights. One question is whether we will use a single codebook (single feedback rate) or a product codebook consisting of an inner codebook that capture the correlation within each polarization state and an outer codebook which is used to co-phase or rotate the two polarization directions. Since the inner precoder focuses on long term properties of the channel and the outer precoder takes care of short term properties, it is natural to have different feedback rates for the two precoders. 
Hence in total we would like to fit 4+4+2+4 = 14 bits in the legacy structure with 10 bits. In the next section, we list few design options to incorporate these extra bits.

5. Design Options

In this section, we list some of the design options for HS-DPCCH with 2 HARQ processes.
· Option 1: Time multiplexed RI/PCI
· Option 2: Time multiplexed CQI
· Option 3:  CQI/RI/PCI in one subframe
Option 1: Figure 2 depicts the proposed HS-DPCCH structure with time multiplexed RI and PCI. Observe that UE preferred rank information is indicated in the first reporting interval and the PCI bits are time multiplexed in the next 2 reporting intervals. In Figure 2, PCI-MSB indicates the most significant bits of PCI and PCI-LSB indicates lease significant bits of PCI. The main idea behind this structure is that rank information, which is a second order statics of the channel changes slowly and delayed information of RI/PCI does not impact the link level performance. Observe that in this case the reported CQI in the 2nd 3rd reporting intervals should be conditioned on the RI reported in the 1st reporting interval.

[image: image2]
                 Fig. 2 Proposed HS-DPCCH structure with time multiplexed RI and PCI bits
Figure 3 shows the Link Level performance for two cases where perfect CQI/RI/PCI are transmitted in one reporting interval and the case  where the CQI is transmitted every reporting interval and RI/PCI are time multiplexed over 3 reporting intervals. The link level simulations are tabulated in Table 1 in Appendix A. It can be observed the performance gap between these two is very less.  This result validates that impact of delayed RI and PCI very minimal on the link performance.  
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Figure 3 Link level performance with delayed RI/PCI 
Option 1b: Figure 4 shows the proposed HS-DPCCH structure with time multiplexed RI and PCI. Observe that UE preferred rank information is indicated in the first reporting interval and the PCI bits are reported in the reporting interval. In this way within 2 reporting intervals, we can transmit the complete CSI. For this structure, we need to define new codebooks.
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Figure 4 Proposed HS-DPCCH structure with time multiplexed RI/PCI bits
Option 2:  Figure 5 depicts the HS-DPCCH structure with time multiplexed CQI. In the first reporting interval CQI for the first codeword is transmitted and the second codeword is transmitted. RI and PCI bits are transmitted in the every report.  For this structure, we don’t need to define new codebooks. Figure 6 shows the link performance with this type of structure. Observe hat the performance gap between perfect CSI and with delayed CQI information is very minimal.
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Figure 5 Proposed HS-DPCCH structure with time multiplexed CQI bits
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Figure 6 Link level performance with delayed CQI
Option 3:  Figure 7 shows the structure for this design option. CQI/RI/PCI bits are transmitted in one reporting interval. Observe that in this case, we need to change the SF or the encoder as all the bits are does not fit into the existing structure of HS-DPCCH.  Since, the WI propose not to change the existing structure unless we get significant benefit with the new structure, we don’t recommend this structure
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Figure 7 Proposed HS-DPCCH structure without time multiplexing
In addition to the above design options, HS-DPCCH can be optimized for lower ranks similar to Type B reporting In Release 7 and for higher ranks we can use any one of the design options.
5 Summary and conclusions

In this contribution, we list some of the design options for HS-DPCCH for 4 branch MIMO system with 2 HARQ processes. The main objective of these design options is to reuse the existing HS-DPCCH structure. We show by simulations that the time multiplexed RI/PCI is good design choice without any major change in the HARQ codebook design. 
Proposal 1:  We propose time multiplexing of CQI/RI/PCI bits i.e. Option 1, 1a or 2.
Proposal 2:   Use two different structures for HS-DPCCH; one is optimized for low rank transmissions and the other for higher rank transmissions.

Appendix A

Table 1 Link level simulation assumptions

	Parameter


	Assumption

	Carrier frequency
	2GHz

	Samples per chip
	2

	Number of codewords 
	2

	Layer mapping
	One to one

	HS-DSCH Ec/Ior
	Variables 

	Geometry (Îor/Ioc)
	0-20 dB

	TBS table
	Ideal

	Modulation
	QPSK, 16 QAM and 64 QAM

	Receiver structure
	Type 3i (MIMO capable LMMSE) 

	Channel estimation
	Realistic

	Searcher
	Ideal

	Propagation channel types
	Ped A 3km/h 

	Tx and Rx antenna correlation
	IID

	Turbo decoding
	MaxLogMap – 8 iterations

	Number of Physical Channel Codes
	Max 15

	HSDPA Scheduling Algorithm
	CQI based, ideal LA is assumed

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmissions
	4

	HARQ Combining
	Chase Combining

	Target Number of H-ARQ Transmissions
	1

	Precoding codebook
	LTE- Release 8 ( TS 36.211)

	ACK/NACK feedback error rate
	Baseline: 0%

	PCI / rank feedback error rate
	Baseline: 0%

	CQI feedback error rate
	Baseline: 0%

	Feedback delay
	Baseline: 6 ms (3 TTI)
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