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1. Introduction

In RAN#68, the WID [1] on EBF/FD-MIMO has been approved for specifying the identified enhancements captured in TR [2] of the study item.  The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNodeBs.  One of the objectives is to specify enhancements on CSI-RS: 
· Specify enhancements on reference signal in the following areas [RAN1]

·  Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
·  Beamformed CSI-RS

In RAN1 #82 meeting, the following design principle of NZP CSI-RS are reached:
· Design principle for 12- and 16-port NZP CSI-RS resources in Rel-13: 

· CSI-RS density of 1RE/RB/port is maintained

· FFS on lower density

· Only existing 40 CSI-RS REs per PRB pair are reused for 12- and 16-port NZP CSI-RS resources

· 12- or 16-port NZP CSI-RS REs are obtained by aggregating NZP CSI-RS REs of multiple legacy CSI-RS configurations in the same subframe

· FFS on configuration details

· FFS on CDM length

· FFS on improvement of 12-port NZP CSI-RS resources using REs other than existing 40 CSI-RS REs

· FFS on CSI-RS transmission in DwPTS

In this contribution, we further discuss the related issues of 12 and 16 port CSI-RS design  including CSI-RS density, pattern design and CDM length.
2. CSI-RS  density 
In RAN1 #82 meeting, it have been agreed that the design principle of CSI-RS is to maintain the density of 1RE/RB/port to be maintained but lower density is FFS.  To decide the CSI-RS density,  we should consider overhead, channel estimation performance, re-use factor and impact to legacy UEs.   The following 2 reasons are the major reasons to consider lower density:
- Larger reuse factor e.g. for 16 ports, we can have 2 patterns with 1RE/RB/port density and 1 pattern with 0.5RE/RB/port density and for 12 ports, we can have 2 patterns with 1RE/RB/port density and two patterns with 0.67RE/RB/port density.  This is particularly beneficial as 40REs is not divisible by 12 or 16 ports.  Some remaining ports can be potentially wasted.     
-  Lower density does not bring in extra degradation 
In this section, we evaluate two schemes of supporting non-precoded CSI-RS for 12 and 16 ports.

Scheme 1:  All the 12 or 16 ports are located in one PRB, with CSI-RS density of 1RE/RB/port
In this scheme, it follows the legacy approach that all the CSI-RS ports are repeated throughout the entire bandwidth. Figure 1a shows the example of CSI-RS pattern with 16 CSI-RS ports in the case of normal CP, Frame structure type 1 and 2.  
Scheme 2:  Ports are multiplexed in FDM manner, with CSI-RS density of 0.5RE/RB/port
In this scheme, not all the CSI-RS ports are located within a PRB.  Ports are multiplexed in adjacent PRB in FDM manner.   Figure 1b shows the example of CSI-RS pattern with 16 CSI-RS ports in the case of normal CP, Frame structure type 1 and 2. The first 8 CSI-RS ports (i.e. ports 15-22)  are located in the even PRB and then latter 8 CSI-RS ports (i.e. ports 23-30) are located in odd PRB.




 EMBED Visio.Drawing.11  [image: image1.emf]1

1

3

2

3

2

1

1 0

0

0

0

1

1

2

3

2

3

1

1 0

0

0

0

PDSCH region

PDCCH 

region

One subframe, 14 symbols

l=0

l=13

1

1

3

2

3

2

1

1 0

0

0

0

1

1

2

3

2

3

1

1 0

0

0

0

2

4

s

u

b

c

a

r

r

i

e

r

s

k=0

k=23

15

19

17

21

16

20

18

22

23

27

29

24

28

30

2526

PDCCH RE

DMRS RE on ports{7,8,11,12} 

i CSI-RS RE for config #0 

i

p CRS RE on antenna port p <4

DMRS RE on ports {9,10,13,14}

CSI-RS RE for config #2

i

i

CSI-RS RE for config #1 

CSI-RS RE for config #3

i

CSI-RS RE for config #4

15

19

17

21

16

20

18

22

23

27

29

24

28

30

2526

15

19

17

21

16

20

18

22

23

27

29

24

28

30

2526

15

19

17

21

16

20

18

22

23

27

29

24

28

30

2526

15

19

17

21

16

20

18

22

23

27

29

24

28

30

2526
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Fig.  1 : CSI-RS mapping to resource elements in one PRB or two PRB for 16 ports
Table 1: maximum number of CSI reference signal configuration number and overhead for two schemes

	Scheme type
	Scheme 1 (Legacy) 
	Scheme 2 (FDM)

	max CSI reference signal configurations in a subframe (reuse factor) 
	2
	5

	Overhead (RE/5ms/RB)
	16
	8


In Scheme 1, the granularity of CSI-RS ports is the same as in the legacy approach.  The UE can perform channel estimation individually in each PRB as full channel can be obtained in each PRB. The drawback of Scheme 1 is number of available CSI-RS patterns is reduced and overhead of CSI-RS is larger.  As shown in Figure 1 and Table 1, only 2 CSI-RS patterns are available in a subframe.   Number of configurable CSI-RS patterns is a factor of consideration because it is better to fit all the CSI-RS resources in one subframe if we consider muting among CSI-RS resources.  

For Scheme2, the granularity of CSI-RS ports is less than that of Scheme 1.  There are 5 CSI-RS patterns.  The average overhead is smaller than Scheme 1.    UE complexity is expected to increase in the scheme as the UE needs to change the current implementation and combine the ports to obtain full channel in multiple PRBs.

The simulation results are provided in Table 2 with different density schemes for the case of 16 CSI-RS ports.    With channel interpolation (i.e. between adjacent PRBs), Scheme 2 has Less than 1.5% degradation on 5% UPT and more than 4% performance gain on 50% UPT.
Table 2: FTP1 simulation results with different CSI-RS schemes
	Scenario
/Offered Load


	Schemes
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi

with Offered Load=16Mbps
	Scheme 1 (5ms)
	0.56
	26.33 
	8.14 
	25.32 

	
	Scheme 2 (FDM)
	0.56 
	26.52 (0.72%)
	8.34 (2.46%)
	25.34 (0.08%)

	3D-UMi

with Offered Load=20Mbps


	Scheme 1 (5ms)
	0.79 
	21.14 
	4.16
	17.57

	
	Scheme 2 (FDM)
	0.79 
	21.48 (1.61%)
	4.10 (-1.44%)
	18.39 (4.67%)


For 12 CSI-RS ports with lower density, we can consider the following three schemes, all providing 5 CSI-RS patterns compared to 3 patterns in the case of 1RE/RB/port.
Scheme 1 for 12 ports:
As shown in figure 2(a),  one set of 12 ports are distributed in 2 RBs in this scheme with CSI-RS density of 0.5RE/RB/port.   Ports 15-22 are in even RBs and ports 23-26 are in odd RBs.      
Scheme 2 for 12 ports:
As shown in figure 2(b),  two sets of 12 ports are distributed in 3 RBs in this scheme with CSI-RS density of 0.67RE/RB/port.   For the first set, ports 15-22 are in the 1st RB and ports 23-26 are in the 2nd RB. For the seond set, ports 15-18 are in the 1st RB and ports 19-26 are in the 2nd RB.
Scheme 3 for 12 ports:
As shown in figure 2(c),one set of 12 ports are distributed in 2 RBs in this scheme with CSI-RS density of 0.5RE/RB/port.   Ports 15-20 are in even RBs and ports 21-26 are in odd RBs.

For scheme 1, the overall pattern in an even RB is different from an odd RB.  This makes 4 REs unusable for other CSI-RS/CSI-IMR.  Schemes 2 and 3 both don't have this problem as the pattern in an even RB is the same from an odd RB.  Scheme 2 is slightly better in terms of higher density with the same reuse factor.
Given that in some cases, the original density should be kept e.g. for frequency selective channel.  It would be preferable to have the option to choose between different densities depending on the channel.  Based on the performance and analysis on reuse factor, we have the following proposal:

Proposal 1:  Introduce 12port and 16port CSI-RS patterns each with two types of density.  For 12 ports, CSI-RS density is 1RE/RB/port or 0.67RE/RB/port.  For 16 ports, CSI-RS density is 1RE/RB/port or 0.5RE/RB/port.  
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Fig.  2a : Scheme 1 for 12 ports         Fig.  2b: Scheme 2 for 12 ports        Fig.  2c : Scheme 3 for 12 ports
3. CDM length 
Number of TRXUs used for transmission in one RE is less for CSI-RS compared to the data.  Through power boosting, the power of CSI-RS can be increased.  However,  due to the limit of 6dB power boosting, it does not give full power utilization for 12 ports and 16ports.   With CDM of 2, two TXRUs can be multiplexed in one RE for CSI-RS.  Therefore, 6dB power boosting can just reach the full power utilization for 8 ports CSI-RS.  Similarly, for 12 ports and 16 ports, CDM of 4 can be considered in order to reach the full power utilization. 

However, when we change the CDM, we need to consider compatibility of the UEs in the network.  It is desirable to the CSI-RS resource by as many UEs as possible due to the overhead and reuse factor limitation. Here we consider three types of UE.

· legacy UE

· new UE(16) - Rel-13 FD-MIMO UE

· new UE(4) or UE(8) - Rel-13 non-FD-MIMO UE (i.e. doesn't not support 12/16 ports)
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      Fig. 3(a): CSI-RS with fixed CDM length of 4    Fig. 3(b): CSI-RS with configurable CDM length of 4 or 2

Figure 3(a) illustrates the case with fixed CDM of 4 and Figure 3(b) illustrates the case with configurable CDM of 4 or 2.  √ represents "configuration is supported"  ⅹ represents "configuration is not supported".  It can be shown that legacy UEs cannot use the CSI-RS if it is fixed to CDM of 4 in figure 3(a).  For Rel-13 new UE which does not have capability  of 12 ports/16 ports, the new UE needs to have the capability of supporting CDM of 4 even for 8ports or 4 ports in order to share the partial CSI-RS ports.   Considering the compatibility with other UEs, we have the following proposal:
Proposal 2:  OCC length should be configurable between 2 and 4 for each 4REs group.  
4. Conclusion

In this contribution, we discuss the related issues of 12 and 16 port CSI-RS design  including CSI-RS density, pattern design and CDM length.  Our proposals are summarized as below:
Proposal 1:  Introduce 12port and 16port CSI-RS patterns each with two types of density.  For 12 ports, CSI-RS density is 1RE/RB/port or 0.67RE/RB/port.  For 16 ports, CSI-RS density is 1RE/RB/port or 0.5RE/RB/port.  

Proposal 2:  OCC length should be configurable between 2 and 4 for each 4REs group.  
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: (M, N, P, Q) = (8, 4, 2, 16)
Receiver: 2Rx cross-polarized antenna at UE

	Downtilt 
	3D UMI: 100°

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes (medium ~50% RU, high ~70%RU)

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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