
3GPP TSG RAN WG1 Meeting #81	R1-152891
Fukuoka, Japan, 25th – 29th May 2015
[bookmark: Source]Agenda item:	6.2.5.2.3
Source: 	Samsung
Title: 	Specification impacts and evaluation results with linear-combination codebook enhancements
[bookmark: DocumentFor][bookmark: _Toc243877433]Document for:	Discussion and Decision
Introduction
This contribution presents updated results for performance benefits of FD-MIMO systems with subarray-partition architecture, along with the linear-combination codebook.
Codebook Based Upon Linear Combination

It has been demonstrated in R1-152890 that KP codebook can achieve significant gain relative to the Category 2 baseline. However, as KP codebook is designed based upon an assumption that the wireless channel for a link has a single dominant path (per layer), the performance advantage of KP can be limited for the channel with multiple paths and rays. Based on performance evaluation of the past releases, KP PMI feedback is expected to offer competitive performance for SU-MIMO.  For MU-MIMO, however, the availability of accurate CSI at the eNB is critical to achieve high MU-MIMO gain with advanced MU-MIMO precoding schemes such as SLNR; it is of a valid question whether KP PMI pre-coder feedback is sufficient for MU-MIMO precoding. To close the gap towards the ideal-CSI bound, an approach based upon linear combination (LC) of basis vectors can be considered in order to capture the effects of multiple paths per precoding layer. For example, a rank-1 PMI pre-coder can be represented as: ,  
where
· 




 is a set of  basis vectors selected out of a master set such that each basis vector  can be decomposed as a KP: , where  and  are DFT vectors of sizes  and , respectively, and that respectively represent azimuth and elevation channel responses for a given pair of azimuth and elevation angles; 
· 
 is the set of cross-pol co-phase values for L basis vectors selected from a co-phase codebook ;  and 
· 
 is the set of corresponding complex coefficients selected from a coefficient codebook . 
It can be seen that with L = 1, this codebook reduces to the KP codebook. In addition, PMI quantization will be progressively refined as L increases at the expense of more feedback overhead. 
In the following analysis, we consider N = 4 columns, and L = 4 basis vectors obtained by the KP of L = 4 horizontal DFT vectors with one vertical DFT vector. The master set of all candidate basis vectors is given by:


, 




where  and  respectively are the 4-Tx DFT codebook with oversampling factor  and the -Tx DFT codebook with oversampling factor . Here is the Rel. 10 8-Tx W1 codebook; this implies that we can use 4 bits to indicate 4 horizontal DFT vectors (index i1) in the basis calculation. So, we only need additional indication for the vertical DFT vector in the basis calculation, which is 3 bits for  and is 4 bits for 










To quantize co-phase and coefficient , a double-stage codebook is considered in which both co-phase and coefficient codebooks have a double-codebook structure, i.e.,   and  where  and  respectively are the WB and SB co-phase codebooks in order to capture the WB and SB variations in the co-phase of the basis vectors. and  are analogously defined. We use the following co-phase and coefficient codebooks in the analysis later:  and .
The rank-2 PMI pre-coder is derived from the rank-1 pre-coder as:  where  is the rank 1 LC pre-coder.
The feedback overhead comparison in terms of number of WB and SB feedback bits is shown in Table 1.
[bookmark: _Ref416439799]Table 1: Feedback Overhead
	MTXRU
	Scheme
	Number of WB feedback bits
	Number of SB feedback bits

	
	
	
	Co-phase (bits)
	Coefficient (bits)
	Total (bits)

	2
	KP
	4+2=6
	2
	2+2=4
	6

	
	LC
	4+3+8+8=23
	4
	4
	8

	4
	KP
	4+3=7
	2
	2+2=4
	6

	
	LC
	4+4+8+8=24
	4
	4
	8



To evaluate the performance of the proposed LC codebook based CSI feedback scheme, the non-full-buffer MU-MIMO SLS performance gain of LC codebook as against the KP codebook are shown Table 2 and Table 3 for UMi-2GHz scenario. The results are provided for 1D subarray-partition architecture with MTXRU = 2, 4 and (N, P) = (4, 2); In these simulations, the full-port un-precoded CSI-RS are provided for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation.
Cell association antenna pattern is approximated by one-TXRU pattern, and SLNR precoding and proportional fair scheduling (max 4 layers per time-frequency resource) have been used. The rest of the simulation assumption is according to [2].[po
[bookmark: _Ref415666126]Table 2: Summary of Results for UMi-2GHz and 16 TXRU
	Scenario
	Lambda
	Target RU
	Avg UPT
	5% UPT
	50% UPT
	RU

	UMi-2GHz
	1.5
	20%
	34.66
	12.39
	31.25
	18.5%

	
	2.8
	50%
	23.26
	5.98
	20.18
	44.2%

	
	3.6
	70%
	16.95
	3.60
	13.91
	63.6%



[bookmark: _Ref419369715]Table 3: Summary of Results for UMi-2GHz and 32 TXRU
	Scenario
	Lambda
	Target RU
	Avg UPT
	5% UPT
	50% UPT
	RU

	UMi-2GHz
	1.6
	20%
	35.40
	13.89
	31.25
	17.8%

	
	3.0
	50%
	22.80
	6.38
	19.32
	45.8%

	[bookmark: _GoBack]
	3.8
	70%
	18.21
	4.14
	14.71
	60.2%



Observation 1:
Proposal 1: Capture the results in Table 2 and Table 3 in the relevant section (e.g., results for non-precoded CSI-RS related enhancement) of the TR.
Conclusion
This contribution has considered performance benefits of LC PMI codebook design, and made the following observation and proposal:
Observation 1:
Proposal 1: Capture the results in Table 2 and Table 3 in the relevant section (e.g., results for non-precoded CSI-RS related enhancement) of the TR. 
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