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1 Introduction
In RAN #61, more discussions on the feedback framework and the related UL control signaling on PUCCH and PUSCH were held. The following decisions were taken regarding the feedback framework [1]
· A precoder W for a subband is obtained as a matrix multiplication of the two matrices (Wk , k = 1, 2)
· Note that two codebooks need to be designed

· Note that a kronecker structure is a special case

· Note that the matrices can have block structure (e.g. block diagonal)

· Some codebook proposals may require explicit normalization
· FFS whether matrix multiplication means W1·W2 and/or W2·W1.

· For 8 Tx, the precoder W can take on the form of

· For rank 1, at least 16 different beams (grid of beams) for co-polarized ULA

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain

· Example: DFT based precoder vectors

· For rank 1 and rank 2, at least 8 different beams (grid of beams) for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

· The beams fully utilize all PAs and each beam achieves the maximum possible array gain

· Example: DFT based precoder vectors

· Additional precoders are not precluded
· Note that statements regarding achieving maximum array gain do not preclude further study of other alphabets e.g. 8PSK

· At least for a (configurable) subset of the precoders W obeys the following properties

· Full PA utilization property, i.e.,

[WW*]mm=, (m, (W
· Orthogonal columns with same norm (unitary precoding)
· Study further precoders that do not obey the properties described above.
Moreover, the following decisions [2] were taken regarding the control signaling

· Aperiodic PUSCH: 

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework 

· The report in aperiodic PUSCH is self-contained in the same subframe

· One report can contain both W1 and W2 

· In case one of W1/W2 is fixed, one report can contain W1 only or W2 only

· Regardless of which, the precoder W is derived from W1 and W2

· The same report contains RI and CQI

· Periodic PUCCH

· Natural extension of CQI/PMI/RI modes from Rel-8/9 within R1-101683 framework

· W1/W2 reporting procedure

· CSI Mode 1: W1 and W2 are signaled in separate subframes

· W2 could be wideband or subband

· CSI Mode 2: W is determined by a single report confined to a single subframe, e.g.

· one of W1/W2 could be fixed and hence does not need to be signaled 

· W1/W2 is not fixed but still does not necessarily need to be signaled

· But the precoder W is still derived from W1 and W2

· W2 could be wideband (i.e., subband size could be the system bandwidth)

· FFS: RI and CQI reporting details

In the contribution [1], we provide our view on the feedback framework and the detail codebook design. In [2], we discuss the implications of such feedback framework on the control signaling on PUCCH and PUSCH. In this contribution, we evaluate the performance of the proposed feedback framework for 8Tx using the agreed 8Tx evaluation methodology [3]. 
In [4], we have provided extensive simulation results for 8Tx showing the benefits of W2W1 feedback framework. Those evaluations have shown that

· With full subband feedback,
· In SU-MIMO, 

· The report of a 4-bit wideband PMI and a 2 or 3-bit differential PMI per subband achieves similar performance as a report of a 4-bit subband PMI per subband but with a lower overhead.

· Ericsson structure W1W2 is outperformed by Samsung W2W1
· In MU-MIMO,
· The report of a 4-bit wideband PMI and a 2 or 3-bit differential PMI per subband outperforms a report of a 4-bit subband PMI per subband and requires a lower overhead.
· In dual-polarized scenarios, 
· Samsung W2 W1 proposal performs very close to Motorola structure and requires only 4bit wideband PMI. 
· Ericsson structure achieves about the same performance as Samsung structure with the same overhead.
· In single-polarized scenarios, the achievable throughput is much higher than in dual-polarized scenarios. Samsung W2 W1 very significantly outperforms all other proposals, including Ericsson W1 W2 proposal.
· On PUCCH, proposed reporting mode Mode 2-2 based on W2 W1 outperforms significantly Rel. 8 Mode 2-1 
· Mode 2-2 based on W2 W1 enhances the feedback accuracy compared to Rel. 8 approach: about 5% gain for cell average and 13.5% gain for cell edge.
Most of those simulation results were done assuming full subband report and/or by performing MU-MIMO based on rank 1 report. In this contribution, we extend those results by accounting for full dynamic switching between SU/MU and MU-MIMO with multiple layers per UE and by reporting feedback information using realistic reporting modes (i.e. no full subband feedback).
2 Proposed Structure of the Recommended Precoder for 8Tx
Denoting the number of transmit antennas as Nt, the rank (corresponding to RI report) as R and relying on the notation agreed in [5], i.e. 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties,

we propose the recommended precoder W for a subband to be build as [1]

W=W2 W1
where

· The recommended precoder W is a Nt x R unitary precoding matrix
· The outer matrix W1 (C1 is a tall Nt x R unitary precoding matrix
· The inner matrix W2 (C2 is a square unitary Nt x Nt diagonal matrix
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· We consider two proposals of W1 and W2 which are also explained in [1]. 
The following 2 proposals are detailed in [1].
Proposal 1

Codebook C1
A first example of a codebook C1 was proposed in [6]. It was designed to perform well in dual-polarized and ULA scenarios and only relies on 8PSK alphabet in order to provide a very low complexity in PMI search. Even though it only relies on 8PSK, its design was done such that it approaches the accuracy of a 16PSK alphabet codebook.
Codebook C2

The number of codewords allocated to 
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needs to be carefully investigated. Here, a 2-bit codebook obtained to balance refinement in dual-polarized channels and single-polarized channels is given as follows. 

We can imagine that 
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 would be mainly helpful in single-polarized ULA scenarios, for which rank 1 design is important. In dual-polarized, 
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 would be the right choice, given that rank-2 codewords are selected very often in dual-polarized. Rather than using a 3-bit codebook, we could reduce the codebook size by applying 
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 to rank-2 codewords. In such case, codewords C2,1,k and C2,2,k (C2 codebook, for rank 1 and 2 respectively are given by

· Rank 1 : 
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C2,1,1 =
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C2,1,2 =
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C2,1,3 =
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C2,1,4 =
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· Rank 2 : 
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C2,2,1 =
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C2,2,2 =
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C2,2,3 =
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C2,2,4 =
[image: image18.wmf]369369

323232323232

{1,,,,1,,,}

jjjjjj

diageeeeee

pppppp

------


Proposal 2

Codebook C1
A second example of a codebook C1 based on a 16PSK alphabet (and therefore larger complexity than the codebook in example 1) can be generated as follows. Let us first denote the following 4x4 DFT matrices

· 
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the codebook C1 for rank 1 and rank 2 writes as
· Rank 1 codebook is build by taking columns 1 to 16 of the following matrix
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Those 16 vectors are 8Tx DFT vectors.
· Rank 2 codebook is made of the following 16 matrices
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, k=1,…,4.
Note that this second example provides a very simple codebook C1 for the wideband matrix W1 that provides better accuracy than the minimum requirements agreed in the previous meeting:

· For rank 1, at least 16 different beams for co-polarized ULA

· For rank 1 and rank 2, at least 16 (>8) different beams for each group of 4 co-polarized antennas in the closely spaced cross-polarized setup

W2 is added to provide additional refinement.

Codebook C2
We could for instance allocate 1 bit to 
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and 1 bit to 
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such that codebook C2 writes as

· for rank 1 
· 
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where 
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· for rank 2 

· 
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where 
[image: image37.wmf]12

11

,

1616

qq

-

==


· 
[image: image38.wmf]{

}

1,

j

a

Î

 and 
[image: image39.wmf]Q=

I



[image: image40.wmf]44x444x4

2,3...4

4x444x44

00

C,

00

j

ìü

éùéù

ïï

=

íý

êúêú

ïï

ëûëû

îþ

II

II


3 Performance of 8Tx
In the following scenarios, we extend previous results [4] by performing SU/MU-MIMO/multi-layer MU-MIMO (i.e. with more than 1-layer per UE) dynamic switching based on implicit feedback using SU-MIMO RI/PMI/CQI report. At the time of PMI/CQI and RI computation and report, the UE assumes that it is scheduled in SU-MIMO. Based on the report, the eNB decides dynamically the best transmission schemes: SU-MIMO transmission using the reported PMI, MU-MIMO with single layer or MU-MIMO with multiple layer per UE. In the case of MU-MIMO, a UE reporting a rank 2 PMI with 2 CQI is treated at the eNB as 2 UEs with 1 layer each. Hence, the eNB performs MU-MIMO based on an effective number of single-layer UEs larger than the actual number of UEs. The CQI is re-calculated at the eNB according to the reported RI and number of co-scheduled UEs.
The following feedback frameworks are investigated:

· W2 W1 framework based on proposal 1 and 2.
· Ericsson’s proposal W1 W2 [7]. In that proposal, it is unclear how to fix the wideband precoder given that W2 has to be fixed to some entries to get a wideband precoder (i.e. wideband PMI). We assume by default the following one to one mapping between W1 and W2
·  For rank 1: 
· If A is chosen in DFT1, W2=
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· If A is chosen in DFT3, W2=
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· For rank 2:

· 
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This mapping is to our understanding the best we can do with W1W2 proposal. It requires to mix long term/wideband and short term/subband information when deriving the wideband PMI as explained in [1].

When explicitly mentioned by “Ericsson (W2=[1 1]T )”, we identify the case where W2 for rank 1 is predefined to a fixed entry  [1 1]T irrespectively of the selection of W1.
The exact reporting mechanism depends on the reporting mode. Detailed description of each reporting mode can be found in [2].
The codebook dimensions of Samsung and Ericsson’s proposals writes as in Table 1.
Table 1. Codebook dimensions for Ericsson, proposal 1 and proposal 2.
	Codebook dimensions (number of codewords per codebook)
	W1 (rank 1,rank 2)
	W2 (rank 1,rank 2)

	Ericsson [7] 
	(4,4)
	(2,1)

	Proposal 1
	(4,4)
	(2,2)

	Proposal 2
	(4,4)
	(2,2)


3.1 Full subband feedback 

In [1], we explained that the accuracy of W1W2  is limited by the wideband information W1. The capacity/throughput of the MIMO precoded channel is function of HWWHHH. For structure W1W2: 
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in rank 2 transmissions . Hence, we argued that in rank 2, structure W1W2 doesn’t benefit at all from the report of the short term/subband matrix W2. In Table 2, we investigate the usefulness of having multiple rank 2 codewords for W2 within the feedback framework of W1W2. Proposal [7] assumes 1 bit for rank 2. We compare in Table 1 the performance of 1-bit rank 2 with 0-bit rank 2 and confirm there is not much difference.
Table 2 confirms that the accuracy of W1W2 proposal [8] is limited the wideband information W1. In W2W1, rank 2 can benefit from W2 given the additional tracking at the subband and polarization level performed by matrix 
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 as explained in [1,8].
Table 2. 8x2 closely spaced dual-polarized (XX->+ channels, 0.5λ antenna spacing, 8º angle spread)

	SU/MU-MIMO/multi-layer MU-MIMO based on SU report with MAX 4 co-scheduled LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Ericsson [7] 1bit rank 2
	3.1169
	0.1204

	Ericsson [7] 0bit rank 2 
	3.1268
	0.1213


In Table 3, we compare performance of SU-MIMO based on full subband report for Ericsson and proposal 1 in dual-polarized channels. Proposal 1 has some gain on cell average and some loss on cell edge.
Table 3. 8x2 closely spaced +/- 45 dual-polarized antennas (XXXX->+ channels, 0.5λ antenna spacing, 15º angle spread)
	SU-MIMO
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Ericsson [7]
	3.1381
	0.1213

	Proposal 1
	3.1786 (1.29%)
	0.1167 (-3.79%)


It is concluded that

· In SU-MIMO with dual-polarized channels, Samsung and Ericsson have similar performance.

3.2 PUSCH 3-1 
Table 4 provides simulation results in single-polarized scenarios. 

Table 4. 8x2 closely spaced single-polarized ULA (||||->|| channels, 0.5λ antenna spacing, 8º angle spread)

	SU/MU-MIMO/multi-layer MU-MIMO based on SU report with MAX 4 co-scheduled LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Ericsson [7]
	4.4553
	0.1636

	Proposal 1 
	4.5702 (2.58%)
	0.1692 (3.42%)

	Proposal 2 
	4.7335 (6.24%)
	0.1661 (1.53%)


It is concluded that

· Proposals 1 and 2 outperform Ericsson W1W2 proposal.

· The additional gain comes from the fact that W2W1 is a superset of W1W2 [1,8] and enables a better tracking of the DFT structure. 
3.3 PUCCH 2-1/2-2 

We compare the performance of reporting Mode 2-1 in Rel. 8 specifications vs. Mode 2-2 proposed in [2] for multiple different feedback proposals. The reporting mechanism is inline with Mode 2-1 in Rel. 8 specifications and Mode 2.2 in [2]. The subband size for feedback is assumed to be 6RBs. The whole band is made of 54 RBs divided into 3 bandwidths parts. Hence, 3 subbands per bandwidth parts are considered and the UEs are cycling over the bandwidth parts and are reporting PMI/CQI for the preferred subband in a bandwidth part. At any given subframe, a UE only reports a single subband CQI in Mode 2-1 and a single subband PMI/CQI in Mode 2-2. We assume MRI=1, K=4, Np=5ms, Noffset,RI=0. RI and wideband PMI/CQI are reported together in the same subframe. The operation is detailed in [2] and in TS 36.213. 

In Table 5, Proposal 1 shows better performance than Ericsson proposal in Mode 2-2 for both cell average and cell-edge.
Table 5. 8x2 closely spaced single-polarized ULA (||||->|| channels, 0.5λ antenna spacing, 8º angle spread)

	SU/MU-MIMO/multi-layer MU-MIMO based on SU report with MAX 4 co-scheduled LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Ericsson [7] - Mode 2-2
	3.9368
	0.1197 

	Proposal 1 - Mode 2-2
	4.0188 (2.08%)
	0.127 (6.10%)


In Table 6, we show that by fixing W2 to a specific entry in order to get the wideband PMI, Ericsson’s proposal incurs significant loss. This confirms explanations provided in [1].

Table 6. 8x2 closely spaced single-polarized ULA (||||->|| channels, 0.5λ antenna spacing, 8º angle spread)

	MU-MIMO based on rank-1 report with MAX 4 co-scheduled LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Ericsson [7] (W2=[1 1]T ) - Mode 2-1
	2.9718
	0.0552

	Ericsson [7] (W2=[1 1]T ) - Mode 2-2
	3.0227 (1.71%)
	0.0582 (5.43%)

	Proposal 1 - Mode 2-1
	4.1452 (39.48%)
	0.1271 (130.25%)

	Proposal 1 - Mode 2-2
	4.356 (46.58%)
	0.1442 (161.23%)


PUCCH evaluations show that 

· fixing W2 to a specific entry in order to get the wideband PMI provides very poor performance with W1W2 structure. With W2W1, W2 is just fixed to the identity matrix whenever the wideband PMI is computed.
· It confirms the significant gain of Mode 2-2 over Mode 2-1 with W2W1 structure.

· Samsung proposal 1 W2W1 outperforms Ericsson W1W2 on PUCCH 2-2.
4 Conclusions
Based on the 8Tx evaluations performed in the current contributions and in [4], we can conclude
· Based on SLS evaluations, we confirm the benefits of the following proposal:

Denoting the number of transmit antennas as Nt, the rank (corresponding to RI report) as R and relying on the notation agreed in [1], i.e. 

· W1(C1 and W2(C2
· W1 targets wideband/long-term channel properties

· W2 targets frequency-selective/short-term time channel properties,

we propose the recommended precoder W for a subband to be build as

W=W2 W1
where

· The recommended precoder W is a Nt x R unitary precoding matrix
· The outer matrix W1 (C1 is a tall Nt x R unitary precoding matrix
· For 8Tx, C1 can be chosen as Proposal 1 or Proposal 2. More evaluations is required to conclude which one is the best (in terms of performance and complexity).
· The inner matrix W2 (C2 is a square Nt x Nt diagonal matrix
· For 8Tx, W2 (C2 has the following structure
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 a complex scalar.
· The 8Tx evaluations have shown that

· With full subband feedback,
· In SU-MIMO over dual-polarized channels, Ericsson structure W1W2 has similar performance as Samsung Proposal 1 relying on W2W1
· In MU-MIMO over dual-polarized channels, Ericsson structure achieves about the same performance as Samsung structure. In single-polarized scenarios on the other hand, the achievable throughput is much higher than in dual-polarized scenarios and Samsung Proposal 1 very significantly outperforms all other proposals, including Ericsson proposal.
· On PUSCH 3-1, Samsung Proposals 1 and 2 outperform Ericsson proposal
· On PUCCH 2-1/2-2,
· fixing W2 to a specific entry in order to get the wideband PMI provides very poor performance with W1W2 structure. With W2W1, W2 is just fixed to the identity matrix whenever the wideband PMI is computed.

· Mode 2-2 (consisting in extending mode 2-1 by reporting a subband W2 along with subband CQI) provides significant gains over Mode 2-1 with W2W1 structure.
· In Mode 2-2, Samsung proposal 1 outperforms Ericsson W1W2 
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6 Appendix: Simulation assumptions

Simulation assumptions are inline with the evaluation methodology specified in [10].

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	8x2 SU/MU-MIMO/multi-layer MU-MIMO based on SU-MIMO RI/PMI/CQI report
8x2 MU-MIMO based on rank-1 SU-MIMO RI/PMI/CQI report

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain. Exhaustive search is performed with the MU-MIMO PF metric obtained as the sum of the PF metric of the co-scheduled UEs.

	Downlink link adaptation


	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=4 or 6 consecutive RBs)

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	PMI feedback error: 10% on the PUCCH for the subband report. 0% on the PUCCH for RI and wideband report. 0% on the PUSCH. 

	
	MCSs based on LTE transport formats [36.213]

	
	4-bit Quantized CQI per CW

	codebook

　
	W1 W2 proposal based on adaptive codebook applied to rank 1 only and unquantized correlation matrix.

	
	W2 W1 proposals 1 and 2

	Allocation
	localized

	Total number of RB in one subframe
	54

	scheduling unit
	1 subband=3 or 6 consecutive RBs depending on the reporting mode

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell 

	Data Channel Estimation
	Non-ideal channel estimation on CSI RS and DM RS. MSE vs. CINR curves based on LLS provided as an input to SLS.

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	eNB: 

Co-polarized: Vertically polarized antennas
Cross-polarized: +/- 45 degrees

	
	UE:

0.5 wavelength separation
VH polarized

	
	0.5 wavelength separation at eNB (uniform linear array)

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe, RANK 3,4: 24 REs/RB/subframe

	
	Overhead of CSI RS: 4/8 sets of CSI RS every 5 ms and 1RE/port/RB (This is, in 4 Tx antenna case, 4 REs/RB per 5ms and in 8 Tx antenna case, 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro low spread for 3GPP case 1, 3km/h

	Link error prediction technique
	MIESM (RBIR)

	
	Non-ideal link adaptation (i.e. non-ideal CQI). CQI estimation at the eNB estimated as in [9]. Outer-loop control based on ACK/NACK report.

	Intercell interference modeling
	rank 2 transmission in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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