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1. Introduction 

This contribution addresses a few design details for the HS-DPCCH. In particular, a combined PCI/CQI/RI feedback encoding for type A reports is introduced.
2. ACK/NACK feedback
Keeping in mind that 

· one target of the work item is to reuse functionality,

· the motivation behind introducing codewords was simplified feedback and

· [1],[2] and partially [3]

the reuse of  the Rel’7 MIMO ACK/NACK reporting seems to be the natural solution.
3. PCI/CQI/RI feedback
To accommodate additionally required bits for RI and PCI (+3bit), additional resources can be gained by reducing the coding rate and/or increase the feedback cycle length and/or reduce the bits for CQI reports. 

The current working assumption is the LTE codebook of size 16. The size of the codebook basically defines the beamforming gains for rank 1 transmission. For higher ranks the possible beamforming gains are smaller since there is a fundamental trade-off between beamforming gains and multiplexing gains. That means the higher rank transmission need less codewords and for rank 4 it is sufficient to use only one fixed codeword. This observation can be used for the design of type A reports. 
3.1. Type A reports
In Rel’7 type A reports, the rank is indirectly transmitted over the CQI. Hence, one bit for the RI can be signalled similarly by reusing the Rel’7 CQI. The second RI-bit can be signalled similarly by using the previously described dependency of PCI and RI.
Combining the indirect RI signalling through CQI and PCI, the following set of rules can be used:

· IF CQI = 1 ...31 ( rank 1(PCI = 0...15)
· IF CQI = 32 ... 2^8-1 and IF PCI = 0...9 ( rank 2

· IF CQI = 32 ... 2^8-1 and IF PCI = 10...14 ( rank 3
· IF CQI = 32 ... 2^8-1 and IF PCI = 15 ( rank 4 
That means if single stream transmission is indicated through the CQI in Rel’7 sense, single stream (rank 1) is also reported for 4-branch MIMO. For this case the full range of PCIs are available. If Rel’7 dual stream transmission is indicated through the CQI report, the rank is defined further by the PCI. Naturally, rank 2 should have the most codewords ad disposition and, as mentioned earlier, rank 4 requires only 1 codeword. The PCI segmentation above seems to fit these requirements quite well but may be subject of further optimization.
Reducing the codebook granularity for higher rank transmission too far may result in performance losses. In the following we show simulation results for the proposed rank dependent codebook.

The simulation assumptions are show in the appendix. In the following, 16/10 means that for rank 1 the codebook size is 16 and for rank 2 10. Similarly, if rank 3 and 4 transmissions are possible, 16/10/5/1 would indicate a codebook size of 16, 10, 5 and 1 for rank 1,2,3,4 transmissions, respectively. Baseline simulations use a codebooksize of 16 for all ranks. It can be seen in Figure 1, that reduced codebook size with 16/10 codewords and 16/10/5/1 codewords for 4x2 and 4x4, respectively, has a very limited impact on the average UE throughput.
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Figure 1: Throughput losses due to reduced codebook size for higher rank shown for 4x4 and 4x2

Note: A similar approach is used in LTE to signal the first precoding matrix indicator in PUCCH mode 1-1 submode 1 [4, Table 7.2.2-1E].
Note: It is assumed that for rank 2 transmission 2 codewords with one transport block each are used. 
To signal the 2 additional bits for the PCI (12 bits in total), two options can be identified:

1. Increasing the coding rate from 0.5 to 0.6
2. Increasing the reporting cycle for PCI/RI
Option 2 would formally keep the report structure (10 bits), only the interpretation of the CQI bits would change. However, option 2 always requires sending 2 consecutive type A reports. 
Note: The scheme above is described for a single carrier but the extension to up to 4 carriers is straight forward.

3.2. Type B reports

Type B reports are intended to allow the UE to schedule single stream transmission even though the UE reports dual stream transmission as preference. The report frequency of type B reports is configured by higher layers. 
As stated in [1], for 4 branch MIMO also rank 2 reports could be useful when e.g. rank 4 is reported during type A. Hence, type B would have to cover also rank 2 and rank 3 reports and the reports have to be adapted correspondingly. A structure similar to type A seems to suggest itself. Using a similar structure as in type A, the separation into A and B seems questionable. 
However, to obtain full/extended information at the NB, it would be beneficial to have 

1. a certain pattern defined during which a certain rank CQI is transmitted (potentially the length could be signalled by higher layers as in Rel’7)

2. or the NB could request a report for a certain rank via HS-SCCH order.
4. Conclusions
A encoding for type A CQI reports was proposed which saves one bit for RI signalling. Moreover, the usage of type B reports seems questionable since they will not significantly differ from type A reports in 4-branch MIMO.
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6. Appendix

	Parameter
	Value

	P-CPICH Ec/Ior
	-10dB

	S-CPICH Ec/Ior
	-13dB

	S-CPICH2 , S-CPICH3  Ec/Ior
	-16dB

	Dedicated pilots power
	Not present 

	Control channels power
	-10dB

	Codebook 
	DFT [5], variable size

	VAM
	Present

	CQI delay
	3 TTIs

	PCI delay
	3 TTIs

	RI delay
	3 TTIs

	Channel estimation
	Real 

	Channel model
	PedA3

	Receiver type
	LMMSE


