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1 Introduction

In 3GPP RAN1#86b meeting, a series of codebook parameter combinations were agreed, where a tradeoff was made between configuration flexibility and specification complexity. Several codebook design methods were proposed at previous RAN1 meetings. However whether Rel-13 codebook design principle can be followed is not decided. The conclusion from last meeting is that [1]
Conclusions:
· The need for extending design principles of Rel.13 Class A codebooks with {20, 24, 28, 32} ports is to be decided in RAN1#87. 

In this contribution, the design principle of {20, 24, 28, 32} ports codebook is discussed. Then the codebook design is provided in following sections.
2 Principle on Codebook design 

The increased port number causes the shaped beam much shaper. The extension of Rel-13 codebook to {20, 24, 28, 32} ports suffers from the reduced coverage issue of W1. Several solutions have been proposed to handle this issue, and the moderate performance again is observed when this issue is addressed [2]. Hence the straightforward extension of Rel-13 codebook for {20, 24, 28, 32} antenna port is not preferred.
Observation1: The straightforward extension of Rel.13 Class A codebooks with {20, 24, 28, 32} ports has the W1 coverage issue.
Observation2: When W1 coverage issue is addressed, moderate performance again is observed.
For codebook in Rel.13 and before release, one beam can cover a cluster of channel paths. However for antenna layout in Rel.14, especially for 32 ports 1D antenna, one beam may only contains one channel path, which is illustrated in Figure1. Hence scattered beams in W1 are preferred to capture these channel paths. 

However, it is hard for eNB to decide which beam should be included in W1 such that the majority of channel paths can be captured. UE specific channel should be decided by UE itself. Hence the general principle for codebook design is to leave for UE decision for beam pattern. 
[image: image1.emf]0 1 2 3

4 5 6 7

8 9

10 1112

13

14 15

path0

path1

Selected W1

Horizontal beams

0

1234

5678910 

Antenna ports on eNBside

11


Figure 1. 32 Channel paths model in 32 ports 1D antenna 
3 Codebook Design
In LTE Rel-13 Rank3/4 codebook design, a ‘k’ factor is used to indicate which direction that the orthogonal beams are from, which is illustrated in Figure 2, where k=0, 1, and 2 indicate orthogonal beams are from 3 different directions.
[image: image2.png]o

B

B3

.

0. 0utp, 0:420: O:3p:

0. 0utp, 0420, 0:43p:

k:

0




Figure 2. ‘k’ factor feedback in Rank3/4 codebook design in Rel-13 
The similar method can be introduced in Rel-14 codebook design to deal with the issue discussed above. One beam group contains more beams, e.g. 16 beams. Two beam subsets can be selected to comprise W1 in dual-stage codebook.  One beam subset is treated as the leading subset which decides the index of the associated beam group. The position of other beam subset is indicated by ‘k’ factor, which may cover the 2nd large channel path/paths cluster. 
An example is illustrated in Figure3. For rank1/2 codebook, beam subset with beam indices (0, 1) is the leading subset. The other two beam subsets are beam combinations (10, 11) and (14, 15), corresponding to k=0 and k=1. Except leading beam subset, UE selects the other preferred beam subset according to instantaneous channel situation. The reporting of ‘k’ can be in wideband manner together with W1 feedback.
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Figure 3. beam pattern design for rank1~4 codebook 
In the case of rank3/4 codebook, besides the indication of beam subsets, the value of ‘k’ can indicate direction where the orthogonal beams are.  For example, k=0 indicate the orthogonal beam group is from vertical domain, while k=1 means it is from horizontal domain.
With the proposed codebook, UE has more opportunities to find a set of optimal or suboptimal beams that matches the directions of instantaneous channel paths. The system performance can be guaranteed.

The beam groups spacing in horizontal and vertical domain can be p1=p2=2. The number of bits for 32 ports codebook PMI1 is 
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. The maximal bit number is 8 bits when O1=8 and O2=4, which does not exceed the capacity of PUCCH. The number of PMI2 is the same as legacy Rel-13 codebook. 

Based on discussion above, we propose
Proposal: Specify multiple beam patterns for W1. Beam pattern reporting has wideband and long-term characteristic. 
4 Conclusions

This contribution discusses the design principle of Rel-14 codebook. We have the following observations
Observation1: The straightforward extension of Rel.13 Class A codebooks with {20, 24, 28, 32} ports has the W1 coverage issue.
Observation2: When W1 coverage issue is addressed, moderate performance again is observed.
And we propose
Proposal: Specify multiple beam patterns for W1. Beam pattern reporting has wideband and long-term characteristic. 
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