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Introduction
In RAN1#83, it was agreed to capture a rank 5-8 codebook in 36.213, and a working assumption was made that is to be supported.  A subsequent email discussion addressed the working assumption and two alternatives: the use of a Rel-10 codebook or not supporting a rank 5-8 FD-MIMO codebook.  This contribution further considers the merits of the working assumption and the alternatives in light of the Rel-13 agreements and the performance and specification impacts of the alternatives.  The behavior of the currently specified rank 5-8 operation is also considered. Finally, a way forward and corresponding changes to 36.213 are proposed.  
[bookmark: _Ref426729914]Discussion
During the email discussion [1], two alternatives were proposed: not specifying a new rank 5-8 codebook in Rel-13, or using the Rel-13 codebook for ranks 1-4, and the Rel-10 for ranks 5-8.  We consider these alternatives in turn:
Alternative 1: No new rank 5-8 codebook
In our understanding, RAN1 agreed to specify support for up to rank 8 in UEs configured for FD-MIMO.  This can be found in e.g. in R1-156217 slides 3 and 4, where we agreed to determine parameters for ranks 3-8 (i.e., parameters are ‘TBD’).  Therefore the agreement at the last meeting (copied below) allows companies to propose an alternative codebook, but does not include an option without any rank 5-8 codebook.  Furthermore, we note that Class B K>1 has been specified for up to rank 8, and so both class A and B FD-MIMO should support rank 5-8.
Working assumption:
· Rank 5 -8 codebook which captured in R1-157789 is supported 

Conclusions:
· CR will include the codebook for rank 5 - 8 in R1-157789
· Email discussion until 7th January to identify if there is an issue with the codebook for rank 5 - 8 in R1-157789.
· Companies identifying an issue with the codebook can propose alternative codebook and companies are encouraged to have evaluations until the next RAN1 meeting

Companies opposing the new rank 5-8 codebook have pointed out that ranks 5-8 were not simulated during Rel-13 timeframe.  This is a fair point, and it would indeed be preferable to carefully vet and simulate each configuration of a new feature in LTE.  However, features such as rank 5-8 operation are targeted at relatively narrow use cases, and has been pointed out by those concerned with specifying the new rank 5-8 codebooks, ranks 5-8 will not be widely deployed in rel-13 timeframe.  Given the narrow use case and limited deployment, optimizing the rank 5-8 codebook design does not seem to merit intensive effort.  Indeed, the Rel-10 rank 5-8 codebook was adopted without simulation, and so such a decision has precedent.  
In fact, the same motivation to specify up to rank 8 applies to both Rel-10 and FD-MIMO: without rank 8, MIMO operation will not meet the peak spectral efficiency requirements of 36.913 [2].  It would be very strange for advanced Rel-13 MIMO operation to not support a requirement met by Rel-10.
Observations:
· RAN1 agreements and current specifications indicate support of a rank 5-8 codebook for FD-MIMO
· Rank 5-8 codebooks are already supported for Class B K>1
· Rank 5-8 support is needed to meet peak spectral efficiency requirements of 36.913
· While RAN1 should always strive to carefully simulate new features, it is necessary to prioritize simulation efforts according to the need to optimize the feature and market demand.  
· Consequently, some (hopefully a very small number!) of configurations of features requiring specification may not be simulated.
Alternative 2: Using a Rel-13 Codebook for Ranks 1-4, and a Rel-10 Codebook for Ranks 5-8
The RAN1 email discussion targets identifying issues with the new rank 5-8 codebooks.  We discuss the main concerns raised with the Rel-13 codebook below:
· Complexity
In our understanding, there are no concerns on the rank 5-8 codebook performance, just that its complexity may be more than is merited by the gains it has over the Rel-10 codebook.  However, it’s not clear to us yet that the complexity is excessive in Rel-13 when we consider that an 8 antenna UE is already complex, and take into account e.g. the ability to reuse CSI computations from up to rank 4 for ranks 5-8 and that i2 is not used for ranks 5-8.  
· Application scenario
It was pointed out that 8 layer operation is not well established within 3GPP yet, and that new use cases such as wireless backhaul can be considered for 8 layer operation.  We don’t see how the application scenario for 8 layers is relevant, since whether to support 8 layers is not under discussion.  It is our understanding that RAN1 have agreed to specify 8 layer transmission to UEs configured for FD-MIMO.  That being said, new use cases such as wireless backhaul may be interesting, and such use cases as well as corresponding codebook enhancements can be considered in new releases.  
· Reporting i2 for the Class B K=1 codebook 
A concern was raised that it is not clear how i2 is reported for Class B K=1 codebook for ranks 5-8 on PUCCH.  It is not clear to us at this stage where the lack of clarity is in the specification, but such a problem seems like it could be straightforwardly corrected with the normal CR process.
· Codebook subset selection for ranks 5-8
It was asserted that it is not reasonable to apply the same codebook subset restriction on both higher rank and lower rank (by restricting a beam direction across multiple ranks).  However, we don’t see why codebook subset restriction should operate differently for ranks 5-8 than for ranks 1-4.  CBSR improves performance by allowing accurate CSI feedback when interference is not radiated in selected directions, and this is true for higher as well as lower ranks.
System level simulations were provided in the email discussion comparing the Rel-10 8 port alternative proposal to one of the new rank 5-8 codebooks.  While further discussion is needed to better understand the simulations and what conclusions can be drawn from them, some initial observations can be made.   
Two configurations for the alternative were considered (“Scheme 1” and “Scheme 2”), with antennas horizontally spaced at either 0.5 or 1.5 wavelengths.  The provided results are below:
	Scheme
	RU
	Mean
	5%
	50%

	Codebook in R1-157789 for Rank1-8
	0.0722
	102.00(+0%)
	33.15(+0%)
	97.96(+0%)

	Codebook in R1-157789 for Rank1-4
[bookmark: OLE_LINK2]Legacy Rel-10 8Tx codebook for Rank5-8 with Scheme 1  (Col-1&2)
	0.0732
	98.56(-3.4%)
	32.91(-0.7%)
	93.02(-5%)

	Codebook in R1-157789 for Rank1-4
Legacy Rel-10 8Tx codebook for Rank5-8 with Scheme 2  (Col-1&4)
	0.0716
	104.41(+2.4%)
	33.11(-0.1%)
	97.56(-0.4%)



We observe that the codebook performances are quite close: within a few percent on the mean, less than 1% different at the cell edge, and no more than 5% different at the median.  In general, the Rel-13 codebook tends to outperform the Rel-10 codebook, which is to be expected given that twice as many ports are used for ranks 5-8.  It is difficult to understand why the 1.5 wavelength spaced configuration would outperform the Rel-13 codebook, unless it is because the Rel-13 codebook was simulated with the narrower antenna configuration.
A number of open issues exist for the alternative proposal:
· How does a UE configured for 12 or 16 ports determine which of the 8 ports to use for CSI feedback?
· A predetermined rule is needed, since corresponding RRC parameters were not defined in Rel-13.  As shown in the results, performance can vary according to how ports are selected.  
· What specification impact is there?
· For example, are new PUCCH configurations needed to support the mixture of Rel-10 and Rel-13 CSI?
· Can the needed evaluations be completed quickly?
· If the rationale is to provide a better performing codebook, evaluations should be performed for all relevant codebook Configs.  Such evaluations should be aligned between companies, including a common set of simulation parameters for rank 5-8.  
Observations:
· While the Rel-10 rank 5-8 codebook has fewer codewords, this metric is insufficient to compare the Rel-10 and Rel-13 codebooks.  CSI computations used for lower ranks can be used for higher ranks, and ranks 5-8 actually have fewer subband computations (since i2 is not used).
· While additional use cases for 8 layer operation may be interesting for new releases, existing scenarios are sufficient to specify rank 5-8 operation in Rel-13.
· Fundamental Class A and B operation for ranks 5-8 are well captured in current specifications, and the normal CR process appears adequate to fix any bugs.
· Codebook subset restriction principles apply equally to ranks 5-8 and to ranks 1-4.
· The initial performance results that are available do not indicate any problems with the Rel-13 rank 5-8 codebooks 
· The specification impact of the alternative proposal to use only 8 port feedback for ranks 5-8 may be non-trivial, and evaluations of its performance will be difficult to complete quickly.
Rank 5-8 Operation in 36.213
Unlike ranks 1-4, beam selection is not used for rank 5-8 operation for any of the Codebook-Configs. Instead fixed beam groups are used, as shown in Figure 1 below.  
[image: ]
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As can be observed from the Figure, only the 16 port Config 4 case has a beam group that can support more than rank 4 with N2=1; all other cases have beams distributed along dimension 2.  Consequently, Codebook-Configs that can be supported for ranks 1-4 can’t be supported for ranks 5-8, and additional beam groups are needed for those configurations if rank 5-8 is to be supported.  While Configs 2 and 3 are precluded from being used with N2=1 for ranks 1-8, Config 1 is allowed for ranks 1-8 in 36.213.  However, since Codebook-Config 1 has a 2D beam group defined for (the 1D) port layout with N2=1, Config 1 is not correctly defined for ranks 5-8 with N2=1.



For 16 ports, Config 1 for ranks 5-8 with N2=1 can be straightforwardly fixed by using the Config 4 beam grouping for ranks 5-8.  An example of the change to 36.213 for 8 layers and 16 ports is shown below:

	8 Layers, P=16

	Value of Codebook-Config
	Configuration
	
	
	

	1
	

	
	
	

	
	

	
	0
	


	…
	…
	…
	…
	…

	where  for Codebook-Config = 2-4 
 Codebook-Config = 1



Note also that a typo in 36.213 is corrected, where the equations for W are swapped between Codebook-Configs 1 and Codebook-Configs 2-4.

A smaller issue addressed in the above proposal is that the condition N1>1 was removed.  This is because it is not used consistently for ranks 1-4 in the Codebook-Config tables, and is not needed, e.g. noting that all current N1 values are greater than 1.  Furthermore, N1>1 is not the proper restriction when N2=1 with 16 ports: it should be N1>3, since at least 4 pairs of cross-pol elements are needed to for 7-8 layer transmission.  Similarly, 5-6 layers should be restricted to N1>2 for 16 ports with N2=1.  Also, since 36.213 relates the number of ports P and N1, N2 with , restricting N1 in the codebook tables is redundant.  Since restricting the values of N1 properly will be a bit messy, and moreover does not serve a purpose, we feel it is better to correct the inconsistency by removing the restriction to N1>1. 

Observations:
· Codebook-Config 1 is not correctly defined for N2=1 for ranks 5-8 with N2=1 and 16 ports
· A 1D beam group is needed to correctly support port layouts with N2=1, and a 2D beam group is currently used




· Support for ranks 5-8 and for Codebook-Config 1 with N2=1 can be straightforwardly added by using the Config 4 beam grouping, since it is 1D.
· The condition N1>1 is inconsistently used in Codebook-Config tables in 36.213, and is not needed.
Proposals:
· Correct 36.213 as described in [3], to 
· Support ranks 5-8 and Config 1 with N2=1 for 16 ports by using the Config 4 beam grouping, 
· Remove the condition N1>1 from the Codebook-Config tables
Conclusion
This contribution has considered the merits of the RAN1#83 working assumption to use the rank 5-8 codebooks in R1-157789 and an alternative proposal to use the Rel-13 codebook for ranks 1-4, and the Rel-10 codebook for ranks 5-8.  We also considered corrections to currently specified rank 5-8 operation.  Our observations are summarized below, and lead to the following proposals.
Observations on the working assumption and the use of ranks 5-8:
· RAN1 agreements and current specifications indicate support of a rank 5-8 codebook for FD-MIMO
· A new codebook is already supported for Class B K>1
· Rank 5-8 support is needed to meet peak spectral efficiency requirements of 36.913
· While RAN1 should always strive to carefully simulate new features, simulation efforts for the rank 5-8 codebook have been prioritized as has been done in the past for ranks 5-8.
· Actually, one Rel-13 codebook has been initially evaluated, which is slightly better than was the case for Rel-10
· The alternative proposal to use the Rel-10 8 port codebook for ranks 5-8 has the following open issues:
· A clear performance benefit has not been demonstrated, and careful evaluations will be difficult to complete quickly
· The RAN1 and RAN2 specification impact has not been identified
· Companies do not have consensus that there are problems with the Rel-13 rank 5-8 codebooks meriting reversion of the working assumption, given the available performance results and email discussion [1].
Observations on current specification of rank 5-8:
· Codebook-Config 1 is not correctly defined for N2=1 for ranks 5-8 with N2=1 and 16 ports
· A 1D beam group is needed to correctly support port layouts with N2=1, and a 2D beam group is currently used




· Support for ranks 5-8 and for Codebook-Config 1 with N2=1 can be straightforwardly added by using the Config 4 beam grouping, since it is 1D.
Proposals:
· Confirm the working assumption from RAN1#83 to support the rank 5-8 codebooks captured in R1-157789
· Correct 36.213 as described in [3], to 
· Support ranks 5-8 and Config 1 with N2=1 for 16 ports by using the Config 4 beam grouping, 
· Remove the condition N1>1 from the Codebook-Config tables
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