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1 Introduction
The antenna port layout and oversampling factor combinations to be supported for Rel-14 Class A codebooks were discussed in RAN1#86.  While there was good convergence among many companies, further discussion was needed to conclude on which combinations are to be supported.  Consequently, email discussion [86-14] was formed to finalize which (N1,N2,O1,O2) combinations are to be supported.  This contribution summarizes the email discussion.

2 Background
A variety of proposals for antenna port layout – and oversampling factor combinations were discussed in RAN1#86, both online and offline.  The proposals evolved quite a bit during the meeting, and took into account operator and UE vendor feedback.  Observations from those discussions are:

· Operators are quite interested in supporting a wide variety of port layouts, including both 1D and 2D, as can be seen by their support in the way forward [1].  This is important to ensure broad applicability of FD-MIMO to their deployments.

· UE vendors do not find that complexity is driven by the number of (N1,N2,O1,O2) combinations.   The codebooks are assigned semi-statically, and so can be generated by the UE when it is configured for FD-MIMO operation.  On the other hand, UE vendors do find that large oversampling factors add to complexity for 2D port layouts, since the UE needs to evaluate more beams with larger oversampling.
· Similarly, there were concerns with deviating from Rel-13 principles and excluding all N2>N1 combinations.

The discussions resulted in the last proposal [2] discussed at the meeting, which was supported by a variety of companies, and is copied below. Note that the proposal starts with Rel-13 principles for (N1,N2,O1,O2) combinations, and then simplifies as described.
Proposal:
· Simplify 1D configuration
· Drop the (1,N2) rows (with red text)

· Single design can be used for (N1,1) and (1,N2).

· Reduce UE computational complexity

· Remove (8,8) combinations  for 20, 24, 28, 32 ports (with green text)

· Reduces number of beams by a factor of 2

· Limited performance gain from (8,8) vs. (8,4) 

	Number of 
CSI-RS antenna ports, P 
	(N1,N2)
	(O1, O2)

	20 ports
	(2,5)
	(8,4), (8,8)

	
	(5,2)
	(8,4), (4,4)

	
	(10,1)
	(4,-),(8,-)

	
	(1,10)
	(-,4),(-,8)

	24 ports
	(3,4)
	(8,4), (8,8)

	
	(4,3)
	(8,4), (4,4)

	
	(2,6)
	(8,4), (8,8)

	
	(6,2)
	(8,4), (4,4)

	
	(12,1)
	(4,-),(8,-)

	
	(1,12)
	(-,4),(-,8)

	28 ports
	(2,7)
	(8,4), (8,8)

	
	(7,2)
	(8,4), (4,4)

	
	(14,1)
	(4,-),(8,-)

	
	(1,14)
	(-,4),(-,8)

	32 ports
	(8,2)
	(8,4), (8,8)

	
	(2,8)
	(8,4), (4,4)

	
	(4,4)
	(8,4),(4,4)

	
	(16,1)
	(4,-),(8,-)

	
	(1,16)
	(-,4),(-,8)


Comments from the proposal’s discussion (captured in the chair notes) are:

· The main concern of some companies is that the necessity or the complexity of all or a large group of codebook combinations is not justified by evaluation yet. Rel-13 does not support all possible layouts. 

· However, some UE vendors state that the complexity of codebook combination at the UE side is not a major issue.  It is still an open question which codebook combination(s) are concerns. 

· It is encouraged to identify the problem or concern or redundancy for specific codebook combination(s). 

Regarding the chair note’s comment above on evaluations of particular codebook combinations, it would be good to understand what companies would propose to be evaluated.  In our observation of 3GPP scenarios, performance increases with the number of ports.  Also, for a given number of ports, a wider array often performs better.  The port layouts are driven by the physical dimensions and capacity-complexity tradeoffs of the actual site in which the array is deployed.  Therefore, the question of which port layouts might be unneeded seems to boil down to if there are aberrant port-oversampling combinations with relatively poor performance for a given number of ports.
3 Email Discussion Overview
Given these observations and the comments noted from the background, the following questions were formulated to help finalize the port combinations and used in the email discussion.  The responses are included in the Appendix, and summarized here.
	Question #1: Within a given number of ports, are there codebook combinations that are expected to perform poorly, and so require evaluation?  If so, which combinations and why?
Summary:

· No company was aware of any poorly performing (N1,N2,O1,O2) combinations.  

· The majority of companies did not express concerns with the number of codebook configurations.  However, one company commented that they saw close performance between (O1,O2) combinations in e.g. 3D vertical UMi, and did not see a strong need to support many (O1,O2) combinations.  Consequently that company sees no strong motivation to support symmetric codebooks.  Another company had similar comments, questioning the need for 3 oversampling factors for each practical antenna port configuration.


	Question #2: Given that FD-MIMO codebooks are semi-statically configured, does the number of (N1,N2,O1,O2) combinations significantly impact UE complexity?   If so, why, and by how much?
Summary:
· Responding companies said there will be no significant UE complexity impact or that they hadn’t identified a UE complexity impact from the number of (N1,N2,O1,O2) combinations.


	Question #3: Taking into account questions #1. & #2, is the proposal acceptable?  If not, please identify what changes are needed and why.
Summary:
· The majority of but were in favor of the proposal.

· Companies not supporting the proposal would like to simplify codebook designs according to performance.


Overall:

At the conclusion of the email discussion, the following was proposed as the status of the proposal, and seems agreeable (i.e. was not opposed by the RAN1#86b document deadline):
The majority of responses were in favor of the proposed (N1,N2,O1,O2) combinations.  Companies not in favor of the proposal would like to further discuss:
1. The necessity of 3 oversampling factors

2. Why we need both N1>=N2 and N2>=N1 combinations

Rapporteur’s Comments:

There is a disconnect between companies on the impact of oversampling combinations on complexity.  Concerns are expressed on the number of oversampling combinations, but on the other hand, UE vendor feedback has been that the number of these combinations does not impact UE complexity.  Quantifying the impact on complexity, or at least identifying how UE or network complexity is impacted should help greatly toward resolving this disconnect.  If there is always equivalent performance and if complexity is significantly impacted, then it should be straightforward to downselect oversampling combinations.
4 Proposed Way Forward
Strive to conclude on (N1,N2,O1,O2) combinations for Class A reporting in RAN1#86b, starting from the proposal of R1-168511.  Further discuss the following, addressing if and how complexity is impacted and considering performance:
1. The necessity of 3 oversampling factors

2. Why we need both N1>=N2 and N2>=N1 combinations
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6 Appendix: Email Discussion Responses
Given these observations and the comments noted from the background, the following questions were formulated to help finalize the port combinations.  The responses are included below.
Question #1

Within a given number of ports, are there codebook combinations that are expected to perform poorly, and so require evaluation?  If so, which combinations and why?
	Company
	Response

	 Ericsson
	No. We are not aware of any poorly performing (N1,N2,O1,O2) combinations in the proposal.

	CATT
	Agree with Ericsson

	DOCOMO
	Same as Ericsson and CATT.

	Nokia
	We do see extremely similar performance for different oversampling factors, for example, in vertical domain in 3D UMi.  Therefore, generally we don’t see very strong need to support many combinations of (O1, O2).  As a result, we don’t have strong motivation to support symmetric codebooks, e.g. (N1, N2) =(3,4) and (4,3), at the same time, which seems to play with the game of oversampling values again.  

	Huawei
	[Copied from email discussion Friday, September 23, 2016]

For the system design, it is always desirable to be designed as simple as possible. As stated in chairman notes, there is the concern that the necessity or the complexity of all or a large group of codebook combinations is not justified by evaluation yet.  Let's take 24 ports as an example. The configurations (N1,N2, O1,O2)=(3, 4, 8, 4),  (N1,N2, O1, O2)=(4, 3, 8, 4) and (N1,N2, O1, O2)=(4, 3, 4, 4) represent the following antenna port layouts and oversampling, where O_h and O_v represents the oversampling factor for horizontal and vertical respectively. From the figure, it can be observed that for each practical antenna port configuration, it has three oversampling factors. Then the question is whether we really need these three oversampling factors. If yes, some results are needed to show the gain; otherwise, the configurations can be simplified and reduced. This question is also applicable for other number of antenna port configurations, e.g., 20, 28, 32. At this moment, there are not results to show that these three oversampling factors are really necessary. 

For the system design, it is always desirable to be designed as simple as possible. As stated in chairman notes, there is the concern that the necessity or the complexity of all or a large group of codebook combinations is not justified by evaluation yet.  Let's take 24 ports as an example. The configurations (N1,N2, O1,O2)=(3, 4, 8, 4),  (N1,N2, O1, O2)=(4, 3, 8, 4) and (N1,N2, O1, O2)=(4, 3, 4, 4) represent the following antenna port layouts and oversampling, where O_h and O_v represents the oversampling factor for horizontal and vertical respectively. From the figure, it can be observed that for each practical antenna port configuration, it has three oversampling factors. Then the question is whether we really need these three oversampling factors. If yes, some results are needed to show the gain; otherwise, the configurations can be simplified and reduced. This question is also applicable for other number of antenna port configurations, e.g., 20, 28, 32. At this moment, there are not results to show that these three oversampling factors are really necessary.  
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Question #2

Given that FD-MIMO codebooks are semi-statically configured, does the number of (N1,N2,O1,O2) combinations significantly impact UE complexity?   If so, why, and by how much?
	Company

	Response

	 Ericsson
	No.  In our understanding, there will be no significant UE complexity benefit by using fewer (N1,N2,O1,O2) combinations than in the proposal.

	CATT
	Agree with Ericsson

	DOCOMO
	We haven’t identified any impact on UE complexity.

	
	


Question #3

Taking into account questions #1. & #2, is the proposal acceptable?  If not, please identify what changes are needed and why.
	Company
	Response

	 Ericsson
	Yes.  However, we are open to refinements that are in the spirit of the proposal (and so hopefully would be acceptable to most companies).

	CATT
	Agree with Ericsson

	DOCOMO
	Yes.

	Nokia
	Given similar performance among many codebook designs, we do wish to simplify further so that 36.213 will not be a book of code books.  We are open to refinements of codebooks which can make more difference each other. 

	Huawei
	[Copied from email discussion Friday, September 23, 2016]

For the configuration below, why it can be merged to one antenna configuration for simplicity as the third row.

(2,5)
(8,4), (8,8)
(5,2)
(8,4), (4,4)
(5,2)
(8,4),(4,8),(4,4)

Regarding the complexity, it is obvious that more configurations will result in higher complexity.  Again, the question is whether so many configurations are necessary. 

So, without the results to show the necessity of some combinations, we cannot agree this way forward.



