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1
Introduction
In the last meeting, consensus was reached to move forward with the specification of an enhanced 4Tx codebook for ranks 1 and 2 but to study further on whether enhancement is needed for ranks 3 and 4. It is a well-known fact that improving codebook granularity, as targeted by the enhanced codebook, improves system performance at low ranks but does not show much benefit, if any, for high ranks.  This motivates to differentiate between low and high rank scenarios and to reduce standardization complexity by reusing the existing Rel-8 4Tx codebook for ranks 3 and above.  

A companion contribution addresses our views on the codebook design for ranks 1 and 2 [1]. 
2
Enhanced codebook proposal
It is well known that for higher ranks, codebook design becomes less significant from a performance perspective.  Therefore, to save standardization effort, we propose to reuse the Rel-8 4Tx codebook for ranks 3 and 4 but subject to wideband PMI feedback, even in CSI reporting modes where subband PMI feedback would otherwise be applicable.  In line with this proposal, the enhanced W1 codebook would therefore consists of a single entry equal to the identity matrix for both ranks 3 and 4.  The W2 codebook would consist of the Rel-8 4Tx codebook for ranks 3 and 4, respectively.  

At RAN1#72bis, some companies raised concern that the different codebook structures for ranks 1-2 and 3-4 would lead to issues with rank override, i.e., scenarios where the network chooses not to follow the UE’s PMI recommendation in favor of scheduling PDSCH with a lower rank.  In our view, such concern is unfounded.  While the nested structure of the Rel-8 4Tx codebook  facilitated such rank override, this design was motivated by CRS-based transmission modes for which a nested structure is required in order to be able to signal the lower-rank PMI in the DCI.  However, the new enhanced 4Tx codebook is only applicable to DM-RS based transmission modes for which precoding is transparent and the above restriction therefore irrelevant. 

Second-order differences may exist in terms of how well a lower rank precoder can be inferred from a higher rank one.  For example, for MU-MIMO operation such rank override may be performed if the network wants to downgrade the UE’s rank in order to additionally schedule another UE on the same resources.  However, this is more typical for ranks 1 and 2 because for rank 3 and beyond, SU-MIMO operation typically offers the better system performance tradeoff.  Further, even if an enhanced codebook is adopted for ranks 3 and 4, its codebook structure will likely be different between ranks 1-2 and 3-4 (as in the 8Tx codebook).  This could likewise impede the ability to perform rank override, making a direct comparison between both proposals difficult. 

Proposal 1: 

· Reuse the Rel-8 4Tx codebook structure for ranks 3 and 4, subject to wideband PMI feedback. 

3
Comparison of codebook proposals
In this section we compare our proposal of reusing the Rel-8 codebook, subject to wideband PMI feedback, with the codebook enhancement proposals of selected companies.  This includes both system-level performance and feedback overhead considerations. 

Codebook performance was evaluated by system-level evaluations.  To isolate the performance of ranks 3 and 4, the evaluations considered a common codebook for ranks 1 and 2 which was selected as the Rel-8 4Tx codebook, subject to subband PMI feedback.  For ranks 3 and 4, the respective codebook proposals of selected companies were used.  Our proposal to reuse the Rel-8 codebook was considered as a baseline for comparison (note that the baseline considers only wideband PMI feedback for ranks 3 and 4). 
Table 1: Performance with selected codebook options.
	Scheme
	UE throughput [Mbps]

	
	5%
	Median
	Mean

	Rel-8 codebook
	2.198
	3.401
	3.589

	Alcatel-Lucent [5]
	2.063
	-6.1%
	3.400
	0.0%
	3.582
	-0.2%

	Ericsson [14]
	2.090
	-4.9%
	3.403
	0.1%
	3.591
	0.0%

	Huawei [6]
	2.082
	-5.3%
	3.397
	-0.1%
	3.596
	0.2%


The evaluation results in Table 1 show almost identical performance for median and mean performance.  For the 5-percentile, some loss is observed with codebook enhancement proposals.  

An overhead comparison between the various options is shown in Table 2, which assumes 9 subbands.  The non-PMI payload is the same across all proposals and was computed by counting RI, and wideband/subband CQI payload.  It illustrates that the codebook enhancement proposals are associated with a significant overhead increase.  For example, for rank 3 the total reporting payload is increased from 50bits to 75bits or even 84bits, a more than 50% increase.  
Table 2: Overhead comparison (assuming K=9 subbands). 
	Codebook type
	Overhead payload [bits]

	
	RI=3
	RI=4

	
	WB-PMI
	SB-PMI
	Non-PMI
	Total
	WB-PMI
	SB-PMI
	Non-PMI
	Total

	Rel-8 codebook
	4
	0
	46
	50
	4
	0
	46
	50

	Alcatel-Lucent [5]
	2
	4
	46
	84
	2
	3
	46
	75

	Ericsson [14]
	2
	3
	46
	75
	2
	3
	46
	75

	Huawei [6]
	2
	4
	46
	84
	2
	3
	46
	75


The performance and overhead comparisons illustrate that reusing the Rel-8 codebook for ranks 3 and 4, subject to wideband PMI feedback, performs identical to selected codebook enhancements, though at much lower overhead.  Therefore, we propose not to specify an enhanced codebook for ranks 3 and 4. 
4
Conclusions
In conclusion we make the following proposal: 
· Reuse the Rel-8 4Tx codebook structure for ranks 3 and 4, subject to wideband PMI feedback. 
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Appendix

Table 3: Evaluation assumptions.

	Parameter
	Value

	Channel model (Scn-A)
	- Macro part of the ITU CoMP Scn-3/Scn-4 channel model as specified in TR36.819
- 100% of UEs located outdoors

	Bandwidth
	10MHz

	Traffic
	Full buffer

	Number of Tx/Rx antennas
	4Tx, 4Rx

	Transmission scheme
	SU-MIMO with rank-adaption

	Scheduler
	Proportional fair

	Subband granularity
	6RBs

	Receiver type
	MMSE-IRC

	Overhead assumption
	- 2CRS ports, DM-RS, and 2 control symbols

- No MBSFN subframes
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