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1 Introduction
At meeting #72bis, the following was captured in the chairman notes:

· FFS until RAN1#73 whether rank 3-4 is:

· same as Rel-8 or 

· enhanced or

· not supported in the new codebook

Hence, we first need to make a decision on this aspect

· Whether Rel-12 enhanced codebook should be supported for UEs capable of receiving 4 or more layers

If the new codebook only supports rank 1-2, it is unfortunate for UE supporting four layers as they need to declare a lower UE category to the network, which only support 2 layers, to be able to benefit from the gains of the new codebook. In our view, if we have a work item to enhance DL MIMO for 4Tx eNB, it is natural to adopt the enhancement for all ranks, not only a subset of all available ranks. Hence, we propose

Proposal: The new codebook should support rank 1 to 4 
The next issue is which codebook should be adopted for rank 3+4 in the new codebook. There are codebooks based on the dual codebook design and there are also proposals to select the Rel-8 rank 3+4 codebook to avoid specification effort.
Some companies have argued, without showing evaluation results, that there is no benefit of a dual codebook for rank 3 and rank 4 over the Rel-8 codebook. However, the particular channel structure emanating from cross-polarized antennas is there to be exploited in an efficient CSI feedback also for rank 3+4. This structure is not taken into account in the Rel-8 rank 3+4 codebook. 
Furthermore if Rel-8 codebook is adopted for rank 3+4, then 4 bits per subband is required for both rank 3 and 4. Alternatively subsampling of Rel-8 codebook needs to be defined, particularly to fit into the PUCCH feedback formats used for dual codebook feedback (e.g. 3 bit per subband for rank 4). Subsampling of the Rel-8 codebook is an unexplored territory and would lead to a large standardization effort. An alternative has also been proposed where for rank 3+4 the UE switch from reporting subband to wideband PMI feedback, in essence a dynamic switch between PUSCH mode 3-1 and mode 3-2. This is clearly not part of the agreed mode 3-2 but a new feedback mode which needs further study and requires further performance evaluations.  

In this contribution we analyze simulation results for rank 3 and rank 4 double codebook designs and the Rel.8 codebook.
2 Codebook design principles
In our rank 3 and 4 codebook proposal [1], the two layers belonging to the same code word is transmitted in the same beam direction, with co-phasing between the polarizations. As the path gain may be different between the two beam directions, it is useful to associate each code word with one beam direction so that link adaptation per code word can operate independently per beam direction. Furthermore, for rank 3 codebook, it is beneficial to have a higher co-phasing resolution for the layer that contains the single code word and we propose a QPSK phasing term. 

Design proposal: For rank 3 and 4, layers belonging to the same code word are mapped to the same beam direction.

Design proposal: The layer containing a single code word in the rank 3 case have at least QPSK resolution.
3 Evaluation results

We have conducted a 4x4 SU-MIMO system simulation and in the post-processing we choose the extract the performance of the UEs with >10 dB geometry to ensure that we have a majority of high rank transmissions in the results.
Table 1 and Table 2 both show that there is up to 4% user throughput gain over the Rel-8 codebook, even in widely spaced antenna setups. All codebooks use 4 bit for rank 3 except Ericsson [1] codebook which use 3 bits for rank 3.   

	Table 1 Simulation results for 4x4 SU-MIMO, Narrow spaced antennas, UEs with geometry>10 dB

 

Normalized User Throughput

 

 

[bps/Hz/user]

Gain [%]

Huawei

1,4052

0,00%

Ericsson

1,3943

-0,78%

Renesas1

1,3908

-1,02%

Renesas2

1,3783

-1,91%

ALU

1,3713

-2,41%

NNSN1

1,3672

-2,70%

NNSN2

1,3646

-2,89%

R8_HH

1,3493

-3,98%


	
	
	
	
	

	
	
	
	
	
	

	Table 2 Simulation results for 4x4 SU-MIMO,  Widely spaced antennas, UEs with geometry>10 dB

 

Normalized User Throughput

 

[bps/Hz/user]

Gain [%]

Huawei

1,4488

0,91%

Renesas2

1,4421

0,44%

Renesas1

1,4415

0,40%

R8_HH

1,4358

0,00%

ALU

1,4327

-0,22%

Ericsson

1,4315

-0,30%

NNSN1

1,4284

-0,52%

NNSN2

1,4283

-0,52%


	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


4 Conclusion

Based on the results presented in this contribution, we make the observation that adopting the double codebook for rank 3+4 gives up to 4% user throughput gain compared to adopting the Rel-8 codebook, for high geometry users. Hence, we propose to
· Adopt dual codebook structure for rank 3+4

· Work on the details to finalize the codebook during WG1#73
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6 Appendix
Table 1: System simulator assumptions.

	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 57 sectors

	Indoor/Outdoor UEs
	80% indoor, 20% outdoor

	Channel model
	ITU Urban Macro with O to I modeling

	Nrof RBs per subband
	6

	Traffic Model 
	FTP type 1, 0.5 Mbyte

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Scheduling
	PFTF

	Outer Loop Link Adjustment
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with non ideal IRC (Wishart matrix model)

	Feedback mode
	3-2

	UE speed
	3 km/h

	UE antenna configuration
	XX poles with (/2 spacing

	Macro antenna configuration
	XX setup with (/2 or 10( spaced columns, 11°downtilt

	Transmit power
	40 W

	MU-MIMO
	Not enabled

	CSI feedback impairment modelling
	Realistic CSI-RS and realistic CSI-IM
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