3GPP TSG-RAN WG1 #86bis	R1-1609964
10th – 14th October 2016
Lisbon, Portugal

[bookmark: Source]Agenda item:	7.2.2.1.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on advanced CSI reporting for eFD-MIMO
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#86 meeting, the following agreement was made for advanced CSI reporting in eFD-MIMO [1].
Agreement:
· [bookmark: _GoBack]Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting(phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation
· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1 
In this contribution, we further discuss advanced CSI feedback for the structure of the high resolution codebook enhancements using linear combination structure and also feedback enhancements to support enhanced codebook. 
Advanced codebook design
For advanced CSI feedback for eFD-MIMO, a channel compression technique via multiple DFT beam basis has been proposed, aiming at improving system performance at reasonable complexity and overhead. In general, both explicit CSI feedback and implicit CSI feedback can leverage same basis for channel compression. The main controversy lies in whether the basis has to be orthogonal or non-orthogonal beams (such as Rel.13 classA codebook pattern), and whether power quantization needs to be taken into account. In our view, a common framework of codebook structure can be defined for both two alternatives and represented by the following equation. 


A rank1 precoder can be generated based on above formulation, which is essentially targeting to reconstruct the dominant eigen vector. The  DFT beams formulate the beam basis as . The power weight of each DFT basis is represented by . The X-pol power weighting factor can be the same if . Phasing weighting factor combining multiple beams is denoted by . If a common phasing for each DFT basis is applied, then  can be simplified by ,  is the cophasing factor that combines two polarizations.
Rank2 codebook can be generated from extension of rank1 codebook and is denoted by

To keep the orthogonality between two layers,  is required. For simplicity, we assume that . 
W1 design options
For beam selection in W1 design, different options have been proposed by many contributions in RAN#86. Three major issues of beam selection design are listed below.
1. Orthogonal beam basis vs. non-orthogonal beam basis
For orthogonal beam basis, multiple orthogonal beam are selected. To reduce the amount of required beams, beam rotation, or oversampling between orthogonal beams is generally required. Power weight is needed for orthogonal beam, as the power offset between DFT beams may be large. Non-orthogonal beam basis which was proposed in [7] is using a Rel.13 pattern in correspondence with ‘Config’ setting, consisting of 4 beams in W1 and further used in linear combination. No power weighting is considered in non-orthogonal beam selection. 

2. Unconstraint beam selection vs. structured beam selection pattern
In [5], the beam selection is unconstraint which covers all orthogonal space of DFT beams. Each selected beam is indexed with  bits, after the rotation factor is determind. This approach can be regarded as the performance wise optimal in beam selection, at the cost of a larger W1 codebook size. Consider the correlation of DFT beams with the channel, the selected orthogonal beams should be usually adjacent to the dominant DFT beam. A pre-defined beam selection pattern was designed in [6]. The beam selection pattern with the largest probability was traced and fixed in its W1 design, which essentially saves  bits compared with optimal beam selection case. The main issue for this mechanism is that different patterns may needs to be defined for different array size, channel type configurations.

Another alternative for the structured orthogonal beam basis is to use Rel.13 class A rank 4 or 8 codebook. For 2 orthogonal beam combining, the rank 4 W1 codebook is used, which consists of four orthogonal beam pairs. For 2 beam combining, a subband beam pair selection may be applied to select one of four orthogonal beam pair for linear combination. Similarly for 4 orthogonal beam combining, the rank 8 W1 codebook is used and the 4 orthogonal beams will be linearly combined by the selected W2 matrix. The benefit of the proposed approach is to reuse the existing Rel-13 codebook as much as possible. For different RRC signaling of ‘Config’, different orthogonal basis vectors can be selected.
3. Number of beams for combining
As a common understanding, the performance improves together with number of beams, and approaches a upper bound when all orthogonal beams are utilized. However, the number of beams has larger correlated with total overhead, therefore the number of beams for combining needs to determined based on joint consideration of performance and overhead. 

W2 design options
As shown in the codebook structure above, there are two possible structure for both power and phase weighting in W2. For power weighting, it could be either (common power weighting) or (different power weighting). For phase weighting, it could be either (common beam phase weighting and cophasing) or  (different phase weighting). Since the power weighting reflects the power of the cluster, it generally have wideband and long term characteristic. Therefore we assume wideband feedback of power weighting and subband level feedback of phase weighting. Given a subband number L, k beams basis, power and phase weighting bits of (m,n), cophasing bits of 2, the overhead of power plus phase weighting factors for each codebook structure is calculated as the following table.
Table 1 Overhead calculation of power and phasing weight options
	
	
	

	
	
	

	
	
	



We conduct system simulation to verity the performance of different W1 design options. Both Alt. 1 orthogonal and Alt. 2 non-orthogonal beam basis are evaluated, where we assume unquantized for Alt1, and  for Alt2.  Unquantized phase with  is assumed for both alternatives. The baseline is using Rel.13 classA codebook with Config3. Orthogonal beam selection vs. non-orthogonal beam selection


Figure 1 Alt 1 and Alt 2 performance comparison, 4 beams combing
As shown in the system simulation result Alt. 1 with orthogonal basis significantly outperforms Alt. 2 with non-orthogonal basis for both cell edge and mean throughput. Up to 38% cell edge gain can be observed for Alt. 1, while only 12% edge gain is observed for Alt.2. The results show the orthogonal basis vectors shall be used for beam combining. 
Observation 1: Beam combining using orthogonal beam basis outperforms the non-orthogonal beam basis.
The performance of different construction of orthogonal beam basis is also evaluated and shown in Figure 2 below. It is observed that the performance from the proposed orthogonal beam basis construction is small. For example, cell edge gain lose for the proposed mechanism is below 5%. The loss is reduced for smaller number of beams. Compared to the unconstrained beam selection, the proposed mechanism using Rel-13 rank 4/8 codebook has the benefit for lower W1 feedback overhead, which also reduce UE complexity. 

Figure 2 proposed vs. unconstraint beam selection 
Observation 2: The orthogonal beam basis based on Rel-13 Class A rank 4/8 codebook only suffers small performance loss but saving W1 feedback overhead.
The performance of different number of beam combining is shown in Figure 3. We can observe that 5 beam combining provide only marginal gain over 4 beam combining. Similar observation is found between 2 beams and 3 beams. Therefore it can be concluded that either 2 beam sor 4 beams combining is sufficient.

Figure 3 Gain w.r.t. number of beams in unconstraint beam selection 
Observations 3: The beam combining based on 2 or 4 beams is sufficient considering performance and overhead tradeoff.
Proposal 1: For W1 design, orthogonal beam basis based on Rel-13 rank 4 or 8 codebook can be considered.
Next, we evaluate the performance of different power and phase weighting structure. The following 4 options are considered.
· Option 1: ,
· Option 2: ,
· Option 3: ,
· Option 4: ,

For quantization, power and phase quantization of (m,n) = (4,3), (4,2), (3,3), (3,2) are evaluated. Power quantization levels are within [-15.0,0] dB with zero power included, phasing elements are uniformly quantized in a PSK alphabet. Figure 4 summarized the performance of option1~4 for different number of quantization bits. 
[image: ]

Figure 4 Gain of W2 options under quantization 
It is illustrated from the result that option 2 always provide the best performance of all candidates, however, the codebook size of option 2 is also larger than the other options. The scatter plot of cell edge gain with respect to the overhead increment of the codebook is also plotted in Figure 5. Option 1~4 are individually plotted with a linear trend line for each. We noticed from the trend line that option 2 shows the best performance when the overhead increment is less than 200%. But the performance difference between option 2 and 4 is small when overhead increment is between 100% and 200%. It implies that option 4 could achieve best tradeoff between performance and overhead. From the figure, it can also be seen that the overhead increment between 100% and 200% may be a good operation point for advanced CSI. After the overhead increment of 200% the gain increase is reduced. Therefore it indicates that the number of subband feedback bits including 4-bits CQI for advanced CSI shall be within a range of 8~16 bits.

Figure 5 throughput gain vs. overhead increment @ 32 ports, 3D-UMi, 50% RU 
Proposal 2: W2 structure with ,  is preferred . 
With the above structure, we also evaluate performance of different number of antenna ports. The results are illustrated in Figure 6. According to the system simulation result, up to 25% cell edge gain are observed for 16 ports. Meanwhile 4 or 8 CSI-RS ports shows less gains than 16 or 32 CSI-RS ports, especially 4 port. This is because advanced CSI is mainly beneficial for higher order MU-MIMO which is more likely to a larger number of antenna ports, such as 16 or 32 CSI-RS ports. The performance gain for 4- and 8-ports will be limited as seen from Figure 6. Therefore advanced CSI reporting design should be prioritized for 16 or 32 CSI-RS ports. 


Figure 6 throughput gain @ (4,8,16,32) ports, 3D-UMi, 50% RU 
Proposal 3: Prioritize advanced CSI feedback design for 16~32 CSI-RS ports.
Wideband covariance matrix feedback
In last RAN1 meeting, wideband only CSI feedback is also supported for advanced CSI. For wideband only feedback, one possible is to feedback a wideband W1 and W2 for linear combination. But this is not efficient since the frequency selectivity makes it difficult to find an optimal beam combing to approximate the wideband channel. There could be multiple eigenvectors from the aggregated wideband channel, the dominant eigenvector feedback cannot fully represent each subband channel. 
In [8], a wideband channel covariance matrix using the reduced dimension representation was proposed. By combing with hybrid CSI-RS, the performance can be much better than the Rel-13 Class A codebook. There is also a benefit to reduce the CSI-RS and CSI feedback overhead since the measurement and feedback of the wideband channel covariance can be on the long-term basis. 
In Figure 7, we shows the performance comparison of advanced W1/W2 codebook based on wideband linear combination and the proposed wideband compressed covariance matrix feedback. 4 beams basis is assumed for both implicit and explicit CSI feedback. Proposed W1 and option 2 type W2 with (4,2) bit quantization is adopted for implicit CSI evaluation. It is observed that cell edge performance gap for implicit vs. compressed covariance matrix CSI feedback can be as large as 6.4%. 

Figure 7 wideband CSI feedback performance comparison
Proposal 4: Wideband covariance matrix feedback with reduced dimension representation shall be supported.
Feedback design for advanced CSI
Higher layer configuration such as RRC signalling could be used to trigger advanced CSI reporting. Nevertheless, such semi-static mechanism fails to track dynamic change of system loading. For example, when system loading is low, SU-MIMO might be good enough with legacy CSI feedback such as Rel.13 classA codebook. The reporting of advanced CSI in such scenario is a waste in both CSI overhead and UE complexity. It is appreciated that eNB can trigger advanced CSI only when the performance can be largely improved by advanced CSI. Dynamic triggering of advanced CSI is therefore beneficial. Layer1 signalling with indicator of advanced CSI feedback, such as ‘CSI request’ of aperiodic CSI triggering can be considered. Semi-persistent triggering of advanced CSI via enabling and disabling commands through L1 signaling could be another option.
Proposal 5: Dynamic triggering of advanced CSI should be supported.
[bookmark: _Ref378529477]Conclusions
In this contribution, we discussed and presented the evaluation results for advanced CSI feedback. Based on observations and discussions so far, we have the following proposals.
Proposal 1: For W1 design, orthogonal beam basis based on Rel-13 rank 4 or 8 codebook can be considered.
Proposal 2: W2 structure with ,  is preferred . 
Proposal 3: Prioritize advanced CSI feedback design for 16~32 CSI-RS ports.
Proposal 4: Wideband covariance matrix feedback with reduced dimension representation shall be supported.
Proposal 5: Dynamic triggering of advanced CSI should be supported.
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Appendix
Table 2 System simulation parameters
	Parameter
	Value

	Layout
	57 cells wrap-around

	Scenario
	3D-UMi ,200m ISD

	System bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE association
	RSRP on CRS port0 with 3dB handover margin

	eNB antenna configuration
	16port: (M,N,P,Q) = (8,4,2,16) 32port: (M,N,P,Q) = (8,4,2,32)

	Oversampling
	(4,4) for 2D port mapping, (4,-) for 1D port mapping

	UE antenna configuration
	2RX with X-Pol

	UE mobility 
	3km/h

	Traffic model
	FTP Model 1, 500kB packet size

	Packet arrival rate 
	λ=(2.8,3.3,4.0,4.2) for (4,8,16,32) ports, respectively

	MIMO configuration
	SU/MU-MIMO adaptive

	MU-MIMO precoding
	SLNR precoding

	Scheduling algorithm
	Proportional fair scheduling 

	Receiver
	MMSE-IRC receiver

	CSI feedback 
	PUSCH Mode 3-2, 5ms delay

	Transmission rank
	Rank 1, Rank2 adaptive

	Overhead
	CRS, PSS/SSS, DMRS, PCFICH,PDCCH (total 36.3%)







cell edge	4 ports	8 ports	16 ports	32 ports	0.122	0.19800000000000001	0.25212230348021025	0.224	cell median	4 ports	8 ports	16 ports	32 ports	5.6000000000000001E-2	4.4999999999999998E-2	0.11707791836033676	9.4E-2	cell mean	4 ports	8 ports	16 ports	32 ports	4.2000000000000003E-2	1.4999999999999999E-2	6.0442981675858265E-2	5.8999999999999997E-2	



Implicit feedback	cell edge	cell median	cell mean	6.3E-2	4.7E-2	2.3E-2	Covariance feedback	cell edge	cell median	cell mean	0.127	0.10299999999999999	8.4000000000000005E-2	



gain over baseline

Alt 1	cell edge	cell medin 	cell mean 	0.38337671944124385	0.20118197488303369	0.1359697933227344	Alt 2	cell edge	cell medin 	cell mean 	0.123	5.0999999999999997E-2	4.2000000000000003E-2	



proposed vs. uncontraint beam selection 

cell edge	4beams	3beams	2beams	-3.6586118251928035E-2	-2.9251567823275426E-2	-2.4714743156090679E-2	cell median	4beams	3beams	2beams	-2.1853218532185359E-2	-2.3672914275999823E-2	-1.5964156770629456E-2	cell mean	4beams	3beams	2beams	-1.8508799552150013E-2	-2.0262259744925459E-2	-1.3391214774483018E-2	



gain over bsaeline, 2~5 beams basis

cell edge 	5beams	4beams	3beams	2beams	0.41871178821889399	0.38337671944124385	0.31105705628814073	0.26163956813041445	cell medin 	5beams	4beams	3beams	2beams	0.24922925387835515	0.20118197488303369	0.15877862595419856	0.13218419108593937	cell mean 	5beams	4beams	3beams	2beams	0.18140858505564394	0.1359697933227344	0.1063195548489666	8.0365659777424492E-2	



opt1	4.0714285714285712	2.6904761904761907	1.3095238095238093	3.9761904761904763	2.6190476190476191	1.2619047619047619	2.5714285714285716	1.6190476190476191	0.66666666666666674	2.4761904761904763	1.5476190476190474	0.61904761904761907	0.15758855297327168	0.11294994859522767	8.984934714377002E-2	0.14917623593891571	0.10890269608347913	7.0452377570426439E-2	9.6274046698119342E-2	7.2053059982665646E-2	5.7942834475948501E-2	8.7927540766200352E-2	4.6246533861647565E-2	2.5987918338795879E-2	opt2	4.4523809523809526	2.9761904761904763	1.5	4.2619047619047619	2.8333333333333335	1.4047619047619047	2.9523809523809526	1.9047619047619047	0.85714285714285721	2.7619047619047619	1.7619047619047619	0.76190476190476186	0.25606338639240955	0.20041536863966791	0.14937623579282788	0.23313276149020612	0.17909216347316459	0.11828048763140298	0.22385809186474925	0.16360118920610534	9.7796554716283346E-2	0.16597675642612275	0.1126758559865717	7.1608415482439236E-2	opt3	1.9285714285714284	1.1904761904761907	0.45238095238095233	1.8333333333333335	1.1190476190476191	0.40476190476190466	1.2857142857142856	0.76190476190476186	0.23809523809523814	1.1904761904761907	0.69047619047619047	0.19047619047619047	0.11643831619940403	0.1008245507719896	6.7314763411407075E-2	0.10889060961536456	9.0999999999999998E-2	5.575796880993189E-2	8.0699664434391805E-2	5.6029204520693376E-2	2.944200406706643E-2	7.5524352958032295E-2	3.1068451490179116E-2	1.6704152378890225E-2	opt4	2.3095238095238093	1.4761904761904763	0.64285714285714279	2.1190476190476191	1.3333333333333335	0.54761904761904767	1.6666666666666665	1.0476190476190474	0.4285714285714286	1.4761904761904763	0.90476190476190466	0.33333333333333326	0.17562127484032497	0.13534474174597078	6.9574247144340573E-2	0.1507150826085577	0.11148095989985651	4.9445938064552886E-2	0.11096886157697838	7.1466165948306681E-2	4.5021977553023618E-2	9.8166403505028477E-2	8.2149105961678126E-2	3.0797024139746165E-2	overhead increment over baseline


cell edge gain over baseline




image2.png
000%

2s.00%

2000%

500

s000%

2s.00%

2000%

500

s000%

(m,n)=(4,3)

epton1

optionz opions

celledge mcslimedan weimean

(m,n)=(4,2)

epton1

optionz opions

cellesge mcslimedan .

opions

opions

2s00%

2000%

500

1000

ook

ook

100
1600
2008
ook
1000
ook
P
P
200%
ook

(mn)=(3,3)

epton1

epton1

optionz optons

celledge mcslimedan weimean

(mn)=(3,2)

optionz optons

celledge mcslimedan weimean

cpions

cpions




