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1. Introduction
In RAN1#83, the following working assumption and conclusions regarding rank 5-8 codebook in R1-157789[1] have been made.

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
Another way-forward proposal [2] has been discussed in RAN1#83.  It is proposed not to support new rank5-8 codebook in Rel-13.  This led to email discussion after RAN1#83 to identify if there is an issue with the codebook for rank 5 - 8 in R1-157789.
 
This document summarizes the email discussion on Rank 5-8 codebook. 


2. Discussion on Rank 5-8 codebook 
	Company
	Comments on rank 5-8 codebook in R1-157789

	ZTE
	[bookmark: OLE_LINK20]We have identified several issues on rank5-8 codebook and provided detailed discussion on each issue below.
1. Complexity 
The table below summarizes the number of codewords per rank for rank 5-8 codebook in R1-157789.  As shown in the table, the number of codewords has significantly increased compared to the legacy 8 ports codebook which only has 4 codewords for rank5-7 and 1 codeword for rank 8.  The maximum size of the new codebook is 512 codewords per rank.  This means the UE complexity on rank adaptation and codeword searching has significantly increased.  In addition, there are 4 configurations and multiple (N1,N2,O1,O2) layouts in each configuration.  The UE complexity on the codebook storage is tremendously higher.  If the codeword is generated on the fly, codeword generation is expected to increase the UE complexity significantly.
	Codebook configuration in R1-157789
(N1,N2,O1,O2)
	Number of codewords per rank

	Rel-10 8-ports codebook
	4 (for rank 5-7)
1 (for rank 8)

	16 ports Config 1- (4,2,4,4)
	128

	16 ports Config 1 - (4,2,8,4)
	256

	16 ports Config 1 - (2,4,8,4)
	256

	16 ports Config 1 - (4,2,8,8)
	512

	16 ports Config3-4 - all layouts
	128

	12 ports Config 1- (3,2,4,4)
	96

	12 ports Config 1- (3,2,8,4)
	192

	12 ports Config 1- (2,3,8,4)
	192

	12 ports Config 1- (2,3,8,8)
	384

	12 ports Config3-4 for all layouts
	96

	8 ports Config 1- (2,2,4,4)
	64

	8 ports Config 1- (2,2,8,8)
	256

	8 ports Config3-4 - for all layouts
	64


[ZTE2] The complexity is clearly much higher when we compare Rel-10 8 antenna UEs and Rel-13 8 antenna UEs with the new codebook even though we only consider wideband feedback.  It does not offer any gain with the increased complexity.
2.  Performance
Performance gain for the significant increase in complexity is unknown.  The codebook has never been evaluated when the working assumption was made.  In fact, higher rank has never been studied in FD-MIMO SI or WI. In section 2, we show the performance comparison between the rank 5-8 codebook in R1-157789 and the alternative proposal of using the legacy 8-port codebook for rank5-8 transmission.  With the small performance difference, the huge complexity increase is clearly not justified.
3.  Unknown application scenarios
When we setup the scenarios for Rel-13 FD-MIMO, we have never discussed higher rank scenarios.  RAN4 WI for the support of 4Rx UE is still on-going.  It is unknown what is the timeframe for rank>4.  So far it seems there is no immediate market need for the support of higher rank.  To avoid useless paper technology, the appropriate way should be first to identify the scenarios and then to evaluate rank5-8 codebook in the identified scenarios.   One example of the application scenario is wireless backhaul.  The relay with multiple RRHs (each with 2Tx/Rx) can be deployed as shown below.  If the DeNB has 16Tx, 16x8 MIMO network can be formed with the relay and higher rank codebook can be used in wireless backhaul in such scenario.  However, details of such scenarios need to be discussed in order to proceed for evaluation.  Different scenarios may significantly affect the codebook design.
[image: ]
[ZTE2] Note that we have only agreed on supporting 8 layers in terms of DMRS signaling.  With the legacy 8Tx codebook, 8 layers can be supported.  Further optimization should be evaluated for relevant scenarios of 8 layer transmission.  
4.  Rank 5-8 class B codebook
It is claimed in R1-157789 that Class B codebook reuses W2 codewords from Class A codebook which means there is only i2 feedback (i.e. no i1 feedback) for Class B codebook.  Since there is no i2 feedback for rank5-8 class A codebook, it means there is no i2 feedback for class B codebook as well.  The use case of this no i2 feedback seems to be unclear.  Also, there are issues of class B CSI feedback design since we don't always have i2 feedback (e.g. In the same periodic PUCCH CSI feedback mode for rank1-4, there is i2 feedback but there is no i2 feedback for rank5-8).
[ZTE2] Although rank5-8 codebook has been captured in the spec, it is not clear to us in the current spec whether i2 is fed back for rank5-8 and how it is handled in periodic CSI feedback with rank adaptation.  For class B, there is only i2 feedback for rank1-4.  If there is no i2 feedback for rank5-8, it means there is no PMI feedback for rank5-8.  e.g. if a UE is configured PUCCH feedback mode with PMI feedback, it is not clear in the current spec whether there is PMI feedback for RI=5 to 8 for class B.  If there is PMI feedback, it is not clear what UE should report if a fixed codeword is used for Class B rank5-8 codebook.  

5.  Higher rank codebook subset restrictions
New codebook subset restriction approach based on beam restriction has been introduced. Compared to traditional method which is based on codewords, this  new approach potentially has more restriction on higher rank codebook.  The main reason is each codeword in higher rank (e.g. rank5-8)  codebook contain multiple beams.  If one of the beams is not available, number of codewords for higher rank will become much less which in turn affects rank adaptation and hence the performance.  Codebook subset restriction is mainly used for interference coordination.  The major application is on lower rank case in which high transmit power is focused on one beam.  For higher rank like rank5-8, power is distributed into multiple directions. Also, the interference is usually low e.g. in low load case to allow higher rank transmission.  So it is not reasonable to apply the same CSR on both higher rank and lower rank.  It makes more sense to have different CSR consideration on different ranks.  There is no such issue if legacy 8-port codebook (and hence legacy approach of CSR) is used for rank5-8.


	Ericsson
	We so far have not identified issues with the rank 5-8 codebook in R1-157789 that merit reverting the working assumption.  
· 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.  
· The Class A and B codebooks have been captured in the specs, so there seems to be no lack of clarity.
· We don’t see how the application scenario for 8 layers is relevant, since whether to support 8 layers is not under discussion.  We have agreed to specify 8 layer transmission to UEs configured for FD-MIMO.  
· It’s not clear 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.
Overall, we think that the working assumption can be confirmed.  Enhanced rank 5-8 CSI feedback with better complexity/performance or optimizations for new scenarios can be addressed in future releases.  

	LGE
	We have the similar view with ZTE regarding complexity of rank 5-8 codebook. 
· The 8Tx legacy codebook requires 2-bit W1 feedback for rank 5-7 and zero bit W1 feedback for rank 8 while the codebook in R1-157789 requires at most 9 bits for the W1 feedback of rank 5-8 codebook, without justification of sufficient gains at the expense of such increased complexity. It has not been found any strong evidence by evaluations that we need such a large number of feedback bits.  
· Another issue is Class B codebook for rank 5-6. Since Class B codebook is based on the Class A W2 codebook, there is just one codeword which choose {0, 1, 2} beams out of {0, 1, 2, 3} beams. This implies beam indexed 3 is precluded for the construction of rank 5-6 Class B codebook, and this may lead performance degradation. 
For these reasons, we think that the working assumption cannot be confirmed due to the lack of evidence by sufficient evaluations, and it is more desired that RAN1 will further discuss and decide rank 5-8 codebook in the next release.

	Samsung
	[bookmark: _GoBack]We agree with Ericsson that there is little complexity issue involved with the codebook captured in the CR, because the computations for rank1-4 i1 selection can be reused for rank5-8 i1 selection. We do not see any issues involved with the class B schemes either. The current spec seems to be relatively clear. If there is anything unclear in the spec regarding the class B schemes, those can be corrected in the CR phase; we are fine to discuss those suggestions for making the spec clearer. In addition, we do not believe that small optimizations for class B are quite necessary in this CR stage.
Hence, we propose to confirm the working assumption. 


	CATT
	We agree with Ericsson and Samsung that we do not see any issues with the codebooks captured in the CR. It was proposed in the way forward R1-157801 to not support rank5-8 codebooks and later agreed to have email discussion to identify the issues with current codebooks. From the proposed alternative codebooks it is clear that the performance is not an issue. UE complexity depends on UE implementation which should be left to UE vendors – there are simpler algorithms with reduced complexity, and we don’t see it as a reason to not confirm the working assumption.





3. Alternative Proposals 
	Company
	Alternative Proposal

	ZTE
	Re-use Rel-10 legacy codebook for rank5-8
Alternative proposal uses Rel-10 legacy codebook for rank5-8 based on 8 ports out of the configured 16 or 12 ports.    
[ZTE2]
We evaluate the performance of different antenna port selection schemes under 3D-UMi with (N1, N2, O1, O2) = (4,2,4,4). The topology of the ports is depicted as follows.


As stated above, 8 ports are selected out of 16, and the legacy Rel-10 8Tx codebook is employed. We consider the following two port selection schemes:
Scheme 1: select column 1 and column 2 (the case used in the previous proposal).
Scheme 2: select column 1 and column 4.
	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_LINK1][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%)


It is seen that the performance of Scheme 2 is much better that Scheme 1, and even better than the codebook in R1-157789. It can be deduced that the port selection scheme impacts significantly on the performance when the Rel-10 8Tx codebook is used. Moreover, according to the analysis in Section 2, the complexity of the Rel-10 codebook is far lower than the codebook proposal in R1-157789. Therefore, due to the better performance and lower complexity compared with R1-157789, our proposal is to use the Rel-10 8Tx codebook with an appropriate port selection strategy.



4. Conclusion
This document summarizes 5 companies' views on the rank5-8 codebook in R1-157789 and captures one alternative proposal.



References
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][1] R1-157789, "Joint Proposal on Rank 2-8 codebook for Class A and Class B", Samsung, et al
[2] R1-157801, "WF on rank 5-8 codebook", ZTE, et al
 





	

image1.png
é 16Tx eNB
16x8
MIMO

[E) _ﬁ RRH
4@/ 7(3)

RRH




image2.emf
Col-1 Col-2 Col-3 Col-4


oleObject1.bin
Col-1


Col-2


Col-3


Col-4



