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1 Introduction
In this contribution, we give the principle to design the two-stage codebook for rank1/2 and the details of parameters of W1 and W2. In addition, the performance of most submitted codebooks is evaluated and compared in case of ULA and cross-polarization antenna configuration. Based on the analysis and comparison, it is proposed to adopt the codebook for rank 1-2 in [2]. 
2 Codebook design for rank1/2
2.1 Parameters determination
As the working assumption in the RAN1 #72bis meeting in [1], the two-stage 4Tx codebook with a similar structure of 8Tx codebook in Rel-10 is used, where W1 is block-diagonal matrix with a group of beams, and W2 is used for beam selection and co-phasing between two polarizations. Some parameters of the two-stage codebook design should be clarified and determined.

a) It is known that the W1 of 8Tx codebook is comprised of 4 adjacent beams, which is designed for covering the most of best beams for subbands in the whole system bandwidth. The spatial characteristics of MIMO channel of adjacent subbands are correlated. Thus, using the discontiguous or orthogonal beams in a W1 will mismatch this correlation, which results in increasing the mismatch between the selected beam and the corresponding subband channel, so that the system performance will decrease. In addition, take into account of the frequency selective property of the channel, 4 beams in a group as the same as 8Tx codebook is proper with the coverage of 
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, which was carefully designed in the Rel-10. Therefore, we propose reuse the W1 structure of 8Tx codebook, where the granularity of beam is 
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and total number of adjacent beams in each X1 of W1 is 
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b) The 4Tx codebook enhancement should optimize the performance in the scenarios of different antenna configurations, e.g., ULA and cross-polarized antenna configurations. The previous evaluation results have shown that the new 4Tx codebook can provide better performance than Rel-10 codebook for cross-polarized antenna configuration. For ULA antenna configuration, it is desirable that the performance of the new codebook is also better than Rel-10 codebook. Due to the limited number of phase shift 
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 in W2, which is selected from {1, j, -1, -j}, the total number of generated ULA-specific DFT codewords in the two-stage codebook is only 8 which is the same as 4Tx codebook in Rel-10. As the ULA-specific codewords are also limited by the selection of W1 in the two-stage codebook structure. The number of ULA-specific codewords for each subband will also be limited if the wideband information W1 is determined. Thus, compared to 4Tx codebook in Rel-10, there will be performance loss if 
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 is only selected from {1, j, -1, -j} or the number adjacent beams is less than 4. 

c) To optimize the performance for both ULA and cross-polarized antenna configuration, we propose to introduce a phase shift coefficient 
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to adjust 
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in W2, the details of which are described in [2]. The total number of ULA-specific codewords is increased to 16, which will increase the performance in ULA scenario. With the help of phase shift coefficient 
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and the feature of beam overlapping in the two-stage codebook, each beam will uniformly experience 8 different phase-shifts, which will optimize the performance of cross-polarized antenna configuration.

Table 1. Parameters determination of two-stage codebook
	
	Parameters
	Recommend values

	W1
	Total number of entries in W1:  N1
	16

	
	Granularity of beam of W1: Q1
	32

	
	Number of contiguous beams in Xn: CR
	4

	
	Beam coefficients within a block: a1,n, …, aCR,n
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  (the number of overlapping beams is 2)

	W2
	Total number of entries of W2: N2
	16

	
	Co-phasing granularity between two polarizations for rank 1 codebook:  Q2
	4

	
	Phase shift coefficient: 
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3 Evaluation Results in Scenario A
In this section, we present the evaluation results of the submitted new codebooks with full buffer traffic model in Scenario A. In the evaluation, the channel estimation and interference are assumed non-ideal, and the details of the modeling are described in [8]. It is noted that SU/MU-dynamic switching scheme is employed and the maximum number of paired users is 2 and there is 1 layer for each user in MU-MIMO to maintain the orthogonality of DMRS. Other details of the assumptions are given in Appendix 1.

We provide the performance evaluation results of most codebooks. However, due to the time limitation, we do not simulate every codebook. In addition, some companies provide several alternatives in their contributions; we only simulate the first alternative since it is not mentioned which one is prefered. 
In Figure 1 and Figure 2, we provide the performance evaluation results of the codebooks in case of ULA antenna configuration. In Figure 3 and Figure 4, the performance evaluation results in cross-polarized antenna configuration are shown.
Figure 1. Cell average performance of 4Tx codebooks in ULA 
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Figure 2.  Cell edge performance of 4Tx codebooks in ULA 
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From Figure 1 and Figure 2, it can be observed that the codebooks with phase shift adjustment (e.g. the codebook structure in [2],[3],[4],[5],[6]) obtain better performance in the case of ULA antenna configuration, where the ULA-specific codewords are enhanced. However, the design of W1, e.g., discontiguous beams in W1 or less than 4 beams in a group, such as [7], has worse performance in the ULA scenario and even worse than the legacy Rel-10 codebook.
Figure 3. Cell average performance of 4Tx codebooks in cross-polarization 
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Figure 4. Cell edge performance of 4Tx codebooks in cross-polarization
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Figure 3 and Figure 4 show that the performance of all of the proposed codebooks is better than the legacy Rel-10 codebook in the case of cross-polarization antenna configuration. The reason is that all of the codebooks are optimized for cross-polarization antenna configuration. In addition, we also see that the proper adjustment of the phase shift also enhances the performance of cross-polarization antenna configuration. The reason is that, with the help of phase shift adjustment and the feature of beam overlapping in the two-stage codebook, each beam experience more phase shift values as described in [2]. Again, the performance gain is limited with the design of discontiguous beams or less than 4 beams in W1.
4 Evaluation Results in Scenario C1

In Table 2, we present the simulation results of the physical antenna selection codebook in Het-net Scenario C1, which has been proposed in [17]. We also compare the performance of the proposed new 4Tx codebook and the existing codebook, i.e. Rel-10 codebook with power reduction. In the simulation, the traffic model is FTP 1 and the arrival rate is assumed as
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. Other simulation assumptions are given in Appendix 1.
Table 2. Performance gain of the new codebook in Scenario C1 with 
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	Arrival rate
	Codebook
	Cell average UPT
	Cell average gain
	5% Cell edge 
UPT
	5% Cell edge gain

	FTP1: Lambda =  4,

PUSCH 3-1
	Rel-10 codebook
	1.5550
	/
	0.2772
	/

	
	Reduced Power of Rel-10 codebook

	1.8396
	18.30%
	0.3160
	14%

	
	Two-stage codebook in [2] with power reduction
	1.8782
	20.78%
	0.3445
	24.28%

	
	Physical Antenna Selection Codebook in [15]
	1.9247
	23.77%
	0.3509
	26.59%


Table 2 shows that, physical antenna selection codebook has slightly better performance than the two-stage codebook in Het-net Scenario C1. However, the physical antenna selection codebook has the benefit of lower complexity of implementation. Thus, the physical antenna selection codebook can be considered in the Scenario C1.
5 Conclusions
In this contribution, we present the evaluation results based on the agreed evaluation assumptions. Based on the analysis and the evaluation results, it is proposed to adopt the codebook for rank 1-2 in [2].
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Appendix 1: Simulation Assumptions
	Parameter
	Value

	Channel Mode
	Fading Scenario: ITU UMa for Macro and UMi for LPN

	
	100% users are located outdoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2GHz

	UE location
	80% indoor, 20% out door

	Antenna configuration
	4 Tx at eNodeB with 
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Cross-polarized: ( 45 degrees  or co-polarized

	
	2 Rx at UE with 
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Cross-polarized: ( 45 degrees

	
	ideal antenna calibration
3D antenna pattern

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	Exhaustive greedy PF

	Transmit Mode
	TM10 with a single CSI process

	
	SU/MU –MIMO dynamic switching: rank-adaption, 

max 2 layers for each user in SU-MIMO

	
	Maximum number of paired users is 2,

 1 layer for each user in MU-MIMO

	Receiver
	Non-ideal channel estimation

	
	Non-ideal interference modeling, Wishart order is selected as 
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	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB

	
	Total overhead: 33%

	LPN configurations
	Number of Macro BS per cell: 1

Number of LPN BS per cell: 4

	
	Number of UEs per Macro: 10
Number of UEs per LPN cell: 5

	
	Power of Macro BS: 46 dBm

Power of LPN : 30 dBm

	
	Number of Antennas in LPN: 2











� Reduced power of Rel-10 codebook1: The power of Rel-10 codebook is reduced 6dB at the Macro BSs, where the transmission power is the same as the proposed codebook in � REF _Ref351735917 \r \h ��[17]�.
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