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1. Introduction

The work item on FD-MIMO enhancement was approved in RAN#71 [1]. In RAN1 84bis meeting, many open-loop and semi-open-loop MIMO schemes were presented by companies and some initial evaluation results were also provided. The agreement was summarized below.
Agreement: 

· Evaluate open-loop and semi-open-loop MIMO schemes until RAN1#85

· Example schemes proposed in RAN1#84bis are provided below

· NOTE: other schemes are not precluded 

· Companies are encouraged to provide performance, CSI feedback and transmission details 

In contribution [2], we analyze the open-loop and semi-open-loop MIMO schemes presented by companies, including transparent and non-transparent DMRS based OL-MIMO. In this contribution, we provide further details (transmission schemes, CSI feedback, etc) of some semi-open-loop MIMO schemes, and also evaluation results of the schemes based on the simulation assumption agreed in [3].
2. Discussion
2.1. Semi-open-loop MIMO schemes
Three semi-open-loop MIMO schemes based on single CSI-process are discussed in this section.
·  PMI based PRB level precoder cycling 
This scheme belongs to the category of transparent DMRS based OL-MIMO. PDSCH mapped onto different PRBs are precoded with different precoding matrices (e.g. cycling). The precoder on one PRB comes from a precoder set which is referred to as OL-MIMO precoding pattern (OL-pattern).  N OL-pattern candidates are defined. A PMI feedback of 
[image: image1.wmf])

(

log

2

N

bits is used to report the recommended OL-pattern. CQI is calculated by assuming the recommended OL-pattern is applied to the relevant subband. Since PDSCH and DMRS on one PRB are precoded with the same precoding vectors, UE can use the channel estimation on DMRS to directly demodulate PDSCH. No new DMRS design is needed. Additional signaling to enable/disable joint channel estimation across PRB pairs may be needed.
An example procedure is illustrated in Figure 1. P-port CSI-RS are mapped to and transmitted from antenna elements. UE selects a preferred OL-pattern from the N OL-pattern candidates and reports a PMI associated with the recommended OL-pattern. The eNB can cyclically use the precoder in OL-pattern recommended by UE for both PDSCH and DMRS. 
Recommended OL-pattern is selected to match downlink channel, so that it can provide some sort of rough information about the direction of UE. By precoding with precoders in the recommended OL-pattern, it is possible to attain some precoding gain. Compared with ‘pure’ OL-MIMO, this semi-open-loop scheme does not sacrifice precoding gain for robustness, and is more flexible in trading off between robustness and precoding gain.
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Figure 1: Procedure for DMRS based PRB level precoder cycling with PMI feedback
· PMI based RE level precoder cycling
Similar to TM3, the precoder cycling could be performed at RE level. The UE could also recommend a P-Port OL-pattern and eNB can cyclically use the precoder in the OL-pattern for precoding of data mapped to different REs. Since different precoders would be used on different REs, DMRS should not be precoded so that UE can derive equivalent channel for demodulation from DMRS channel estimation and known OL-pattern. If N > 1 OL-patterns are available, then DL control signaling is needed to notify UE the used OL-pattern. As DMRS port number has to be equal to CSI-RS port number, the P-port DMRS might lead to high overhead and necessitates new DMRS design if a large number of TXRU employed. This scheme belongs to the category of non-transparent OL-MIMO as DMRS and PDSCH are precoded in a different way.
Another approach to carry out RE level precoder cycling is a hybrid of OL-MIMO precoding and CL beamforming. The procedure is shown in Figure 2. The PDSCH are preprocessed by two-step precoding and beamforming. The first stage maps 
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 layers of non-precoded data to 
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 layers of precoded data. A PMI1 feedback of payload 
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bits is needed to report the selected OL-pattern.  The process is quite similar to the process in Figure 1, except that precoder cycling is at RE level and number of precoded data layer is smaller than CSI-RS antenna port number. The second stage maps 
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layers of precoded data and M DMRS ports to 
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 CSI-RS antenna ports. This step requires CSI feedback to support closed-loop beamforming. A PMI2 feedback is needed, possibly with a very small codebook.
At receiver side, UE could demodulate PDSCH based on DMRS channel estimation and known OL-pattern. If N > 1 OL-patterns are available, then DL control signaling is also needed to notify UE the used OL-pattern.
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Figure 2: Procedure for RE level precoder cycling with PMI
· PMI based TxD (only for rank=1)
Transmit diversity can also be used to substitute the OL-Precoding step in Figure 2 for case of rank 1. The transmission scheme and CSI feedback can be the same as that of PMI based RE level precoder cycling except the OL-Precoding step. 
2.2. Evaluation results for DMRS based semi-open-loop MIMO
In this section, we compare the performance of close-loop MIMO transmission and the schemes described in section 2.1. 8 TXRUs are assumed at eNB and 2Rx are used at UE. SU-MIMO with rank adaptation is adopted. For close-loop, the 8 Tx codebook designed in LTE Rel.10 is used. For (semi) open-loop, three options are evaluated:
· Opt.1: PMI based PRB level precoder cycling for rank = 1 and rank = 2
· Opt.2: PMI based RE level precoder cycling for rank = 1 and rank = 2
· Opt.3: PMI based TxD for rank = 1, and PMI based RE level precoder cycling for rank = 2
The evaluation assumptions for different semi-open-loop MIMO schemes are described below.
For PMI based RE level precoder cycling, the overall precoding matrix (combining the OL-Precoding and CL-Beamforming) for the data on the ith RE within a PRB is:
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where 
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V

is CL-beamforming weight reported by UEs,
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X

is kth precoder in an OL-pattern, and k = i mod K,  K is the number of precoders in the OL-pattern.
For rank = 1, K = 4 and the precoders in the OL-pattern:
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For rank = 2, K = 2 and the precoders in the OL-pattern:
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For PMI based PRB level precoder cycling, the precoding matrix is the same as that of PMI based RE level precoder cycling except that 
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 is used for all REs in the ith PRB within a subband.
For PMI based TxD, the same CL-beamforming weight as PMI based RE level precoder cycling is used, and 2Tx transmit diversity (SFBC coding) is adopted. It should be noted that Opt.3 can be regarded as an extension of TM3 by replacing CRS with DMRS.
During the simulation, UE would estimate the interference on different REs and calculate the average interference covariance matrix within each PRB. The estimated interference covariance matrix is used for both CSI measurement (SINR calculation) and PDSCH detection (MMSE-IRC receiver). The estimation error of the interference may significantly impact the performance via CSI feedback and detection.
The results for FTP traffic are shown in Figure I-II with close-loop MIMO as baseline. The detailed simulation assumptions and results are provided in appendix.
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Figure I: Performance of semi-open-loop MIMO,
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=1.8, 3D-UMa (Left: 5% UPT Right: Mean UPT)
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Figure II: Performance of semi-open-loop MIMO,
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=2.7, 3D-UMa (Left: 5% UPT Right: Mean UPT)
It can be observed from the results that:
· Opt.1 provides similar performance as CL-MIMO at 60km/h, and about 10% edge gain over CL-MIMO at 120km/h in low-medium traffic load.
· The performance of Opt.2 is worse than that of Opt.1, and also worse than that of CL-MIMO. The reason is that precoder cycling at RE level would lead to dramatic change of interference among REs within one PRB if the layer number of interfering UE is 1. Such interference variation within a PRB cannot be accurately measured by CSI-IM with 4 REs, which leads to large interference estimation error.
· Opt.3 outperforms close-loop MIMO at medium-high speed and the gain grows with higher traffic load. At 60km/h, Opt.3 shows 10-20% edge gain, while 20-40% edge gain and 5-20% average gain can be acquired at 120km/h. Opt.3 can provide additional diversity gain which is not impacted by mobility. 
According to the observations, we have the following proposal:
Proposal: DMRS based semi-open-loop MIMO shall be supported in Rel-14.
3. Conclusion
In this contribution, we provided further details and evaluation results for some semi-open-loop MIMO schemes. The evaluation showed that DMRS based semi-open-loop can provide significant performance gain over close-loop transmission at medium-high mobility and low-medium traffic load. Therefore, we propose to support DMRS based semi-open-loop MIMO in Rel-14.
Proposal: DMRS based semi-open-loop MIMO shall be supported in Rel-14.
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5. Appendix
Table I: Simulation assumption
	Parameter 
	Value 

	Antenna configuration 
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space;
Vertical: 8 elements, 0.8λ space with fixed downtilt (100( )
8 TXRUs each of which maps to one column of antennas elements

	Scenario 
	3D-UMa with 500m ISD

	System bandwidth 
	10MHz (50RBs) 

	Carrier frequency 
	2GHz 

	UE speed 
	60/120 km/h 

	Model of cross polarization 
	36.814 

	Traffic model 
	FTP model 1 with packet size of 500k bytes  (λ=1.8/2.7)

	Scheduling algorithm 
	PF, SU-MIMO 

	UE distribution 
	Randomly and uniformly distributed outdoor UEs(100%)
Vehicular penetration loss = 9dB with variance of 5dB (log-normal) [ITU] 

	HARQ 
	Max 4 retransmissions 

	Receiver
	Realistic channel estimation
Realistic interference estimation

	
	MMSE-IRC receiver

	RI 
	Rank adaption, maximal RI is 2.

	PMI/CQI feedback granularity 
	Wideband PMI (50PRBs)
Subband CQI for scheduling (8 PRBs) 

	PMI Feedback overhead
	OL-MIMO: 5bits (32Beams)

CL-MIMO: 8bits for W1 and W2

	PMI/CQI feedback delay 
	5ms 

	PMI/CQI feedback periodicity 
	10ms 

	RI feedback periodicity 
	120ms 

	Wrapping  method 
	Geographical  distance based 

	Handover margin 
	3 dB 

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports, 12REs/PRB for DM-RS ports and 8 CSI-RS ports (10ms periodicity)


Table II: Performance of semi-open-loop MIMO, FTP traffic, 
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=1.8, 3D-UMa
	Configuration
	Speed
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT  (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	CL-MIMO
	60km/h
	8.98 
	0.0%
	27.89 
	0.0%
	30.63 
	0.0%
	20.6%

	
	
	120km/h
	7.61 
	0.0%
	26.18 
	0.0%
	29.02 
	0.0%
	22.6%

	
	OL Opt.1
	60km/h
	8.85 
	-1.5%
	27.89 
	0.0%
	30.77 
	0.5%
	20.7%

	
	
	120km/h
	8.53 
	12.1%
	26.80 
	2.4%
	29.83 
	2.8%
	21.5%

	
	OL Opt.2
	60km/h
	5.76 
	-35.9%
	23.97 
	-14.1%
	27.18 
	-11.3%
	26.4%

	
	
	120km/h
	5.33 
	-30.0%
	23.03 
	-12.0%
	26.42 
	-9.0%
	27.3%

	
	OL Opt.3
	60km/h
	9.92 
	10.4%
	28.36 
	1.7%
	31.64 
	3.3%
	19.1%

	
	
	120km/h
	9.18 
	20.6%
	27.89 
	6.6%
	30.50 
	5.1%
	20.5%


Table III: Performance of semi-open-loop MIMO, FTP traffic, 
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=2.7, 3D-UMa
	Configuration
	Speed
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT  (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	3D-UMa
	CL-MIMO
	60km/h
	3.77 
	0.0%
	16.72 
	0.0%
	20.52 
	0.0%
	43.5%

	
	
	120km/h
	2.66 
	0.0%
	12.65 
	0.0%
	17.01 
	0.0%
	51.5%

	
	OL Opt.1
	60km/h
	3.88 
	3.0%
	17.27 
	3.3%
	20.81 
	1.4%
	42.7%

	
	
	120km/h
	3.01 
	13.0%
	14.06 
	11.2%
	18.20 
	7.0%
	48.7%

	
	OL Opt.2
	60km/h
	1.25 
	-66.9%
	7.60 
	-54.6%
	12.49 
	-39.1%
	65.6%

	
	
	120km/h
	0.94 
	-64.8%
	6.21 
	-50.9%
	10.71 
	-37.0%
	70.2%

	
	OL Opt.3
	60km/h
	4.65 
	23.3%
	18.40 
	10.0%
	21.83 
	6.4%
	40.0%

	
	
	120km/h
	3.77 
	41.6%
	16.86 
	33.3%
	20.47 
	20.3%
	42.6%


_1524521946.vsd
Ant 1


DMRS
Port{7,8}


CSI-RS port{15,16, …, 14+P}


Stage 2: CL-Beamforming
(standard-transparent)


Ant N


.
.
.


Ant 1


Ant M


.
.
.


Receiver


CSI-RS


DMRS


Demodulation


CSI measurement


DL Control Siganling


Stage 1: 
OL-Precoding
(standard-non-transparent)


Data


PMI1 feedback


PMI2 feedback


Ant-to-Port mapping



_1524521950.unknown

_1524521954.unknown

_1524521956.unknown

_1524521958.unknown

_1524521959.unknown

_1524521960.unknown

_1524521957.unknown

_1524521955.unknown

_1524521952.unknown

_1524521953.unknown

_1524521951.unknown

_1524521948.unknown

_1524521949.unknown

_1524521947.unknown

_1524521942.unknown

_1524521944.unknown

_1524521945.unknown

_1524521943.unknown

_1524521940.vsd
Ant 1


DMRS
Port{7,8}


CSI-RS port{15,16, …, 14+P}


Ant N


.
.
.


Ant 1


Ant M


.
.
.


Receiver


CSI-RS


DMRS


Demodulation


CSI measurement


Precoding


Data


PMI feedback


Ant-to-Port mapping



_1524521941.unknown

_1524521939.unknown

