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Introduction
	In RAN#71, the work item on further full-dimension MIMO (FD-MIMO) enhancement has been approved [1]. The objective of reference signal enhancement for non-precoded CSI-RS is: 
· Non-precoded CSI-RS, extending the existing numbers {1, 2, 4, 8, 12, 16} of CSI-RS antenna ports for support of {20, 24, 28, 32} CSI-RS ports with mechanism for reducing the overhead for CSI-RS transmission
	The following agreements about the CSI-RS enhancement have been achieved in RAN1#86bis:
Agreements:
· For {24, 32} ports, ∑k Mk ∈ {24, 32}, Mk = 8, where Mk is the same for all k
· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where, at least for CDM-2, Mk is the same for all k 
· FFS whether Mk = 8 is also supported,  and if so, whether Mk is the same or different for different k for CDM-4
· FFS port indexing
· In Rel-14, CDM-2 and CDM-4 is supported. 
· For CDM-2, port numbering in Rel-13 is reused in order to share CSI-RS with legacy UEs. 
· FFS CDM-4 port numbering

Further, in RAN1#86bis, the following agreements for CDM-4 have been achieved:
Agreements:
· For {20, 28} ports, ∑k Mk ∈ {20, 28}, Mk = 4, where Mk is the same for all k 
· At least for CDM-4

Agreements:
· For 20-, 24-, 28-, and 32-port CSI-RS, when CDM-4 OCC applies in the CDM group comprising 4 REs within k-th CSI-RS configuration, according to the table below. 
· For Nk=4, 4REs mapping to legacy 4-port CSI-RS comprises a CDM group.
· For Nk=8, 8 REs mapping to legacy 8-port CSI-RS are partitioned into two groups of 4 REs, and each group of 4 REs located adjacently comprises a CDM group: 
· FFS on additional CDM-4 pattern(s) at least for 28- and 32-port to support full power utilization within a single PRB.

In this contribution, we discuss the CDM-2/4 design for {20,24,28,32} ports CSI-RS.
Discussion
	According to the above agreements, both for CDM-2 and CDM-4, we have
· For {24,32} ports, the same Mk=8 is used for all k
· For {20,28} ports, the same Mk=4 is used for all k
There are two issues related to the CDM, i.e. CDM pattern design and port numbering. For CDM-2, the legacy CDM-2 pattern could be uniquely applied to either Mk=4 or Mk=8. Moreover, the same port numbering as defined in Rel-13 is supported considering CSI-RS port sharing with legacy UEs. Therefore, we mainly discuss the issues of CDM-4 in the following.
CDM-4 pattern
It has been agreed that the CDM-4 pattern defined in Rel-13 is supported for {20,24,28,32} ports CSI-RS. The CDM-4 group is different for Mk=4 and Mk=8. In Figure 1, examples of 28-port CSI-RS and 32-port CSI-RS with CDM-4 are shown, where (M,K)=(4,7) and (M,K)=(8,4) are used for the aggregation, respectively. The REs with the same color depict one CSI-RS configuration, and the REs labeled with the same alphabet depict one CDM group. From Figure 1, the CSI-RS ports transmitted at CDM group {A,B} cannot obtain the 6dB power boosting, whereas the other ports transmitted at CDM group {C,D,E,F} could.  In [2], a new CDM-4 pattern with REs extended to 4 symbols is proposed, which is given in the red block in Figure 1(b). This new CDM-4 pattern provides the 6dB power boosting for all the 32 CSI-RS ports. However, there is still 3dB gap from full power utilization. 
In the case of 28-port CSI-RS, if the new CDM-4 pattern is adopted, the Rel-13 CDM-4 pattern has to be used together. For instance, CDM group {A,C},{B,D},{E,G} in Figure 1(a) could be replaced with the new CDM-4 pattern, and the remaining CDM group F could only use the Rel-13 pattern. In other word, the 28 port CSI-RS needs to use a mixture of new CDM-4 and legacy Rel.13 CDM-4 pattern, which may complicate UE implementation. Therefore, either from the respect of supporting full power utilization or from the respect of specification complexity, it seems not necessary to define an additional CDM-4 pattern in Rel-14.
[image: ]                               [image: ]
                                        (a) 28-port CSI-RS                                                               (b) 32-port CSI-RS
Figure 1: CDM-4 for 28/32-port CSI-RS
Proposal:
· There is no need to define additional CDM-4 pattern in Rel-14. 
Port numbering for CDM-4
From the agreement in RAN1#86bis, for CDM-4, port sharing with Rel-13 UEs is not supported for {20,28} ports CSI-RS. Without such port sharing limitation, the CDM-4 port numbering scheme defined in Rel-13 could be directly reused for {20,28} ports as follows:






where , denotes M,  and  denotes K. 
	As to {24,32} ports, port sharing with Rel-13 UEs is possible due to the same 8-port CSI-RS aggregations (Mk=8). In the case of 32-port CSI-RS, the above Rel-13 port numbering enables port sharing for all the supported antenna layouts in Rel-14. Figure 2 illustrates the port sharing for 2D antenna layouts. The ports of each polarization within the red block are used to transmit the 16-port CSI-RS.
[image: ]
                                        (a) (N1,N2)=(4,4)           (b) (N1,N2)=(8,2)     (c) (N1,N2)=(2,8)
Figure 2: CSI-RS port sharing for 32-port CSI-RS
	However, the above port numbering scheme is problematic for port sharing for 24-port CSI-RS. As shown in Figure 3, for (N1,N2)=(6,2) antenna layout, if the Rel-13 port numbering is applied, ports 15-22 (red ports in the red block) and ports 31-38 (blue ports in the blue block) compose the cross-polarization antenna used to transmit the 16 ports CSI-RS. However, for legacy UE, this irregular antenna layout may result in performance degradation.
[image: ]
Figure 3: Rel-13 port numbering used for 24 ports CSI-RS
	As discussed in [3], in order to achieve port sharing, for 24-port CSI-RS, dedicated port numbering scheme is required for different antenna layout. In Rel-14, five antenna layouts for 24-port CSI-RS have been agreed. Although one port numbering scheme may be effective to several layouts, at least additional two port numbering schemes are still needed [3]. Considering the specification complexity, we prefer to reuse the Rel-13 port numbering for {20,24,28,32} ports CSI-RS. This implies that port sharing is not supported for {20,24,28} ports, but only available for 32 ports.
Proposal:
· Reuse the Rel-13 port numbering for {20,24,28,32} ports CSI-RS in the case of CDM-4.
Conclusions
In this contribution we mainly discuss the CDM-4 pattern design and port numbering for {20,24,28,32} ports CSI-RS. 
For CDM-4 pattern design, we have the following proposal: 
Proposal:
· There is no need to define additional CDM-4 pattern in Rel-14. 
Considering port sharing for 24-port CSI-RS, dedicated port numbering scheme may be required for different antenna layout in order to achieve port sharing with legacy UE. But for 32-port CSI-RS, the Rel-13 port numbering enables port sharing for all the supported antenna layouts in Rel-14. We have the following proposal:
Proposal:
· Reuse the Rel-13 port numbering for {20,24,28,32} ports CSI-RS in the case of CDM-4.

References
[1] RP-160623, “New WID proposal: Enhancement of Full-Dimension (FD) MIMO for LTE,” Gothenburg, Sweden, March 7-10, 2016
[2] R1-1609024, “Discussions on CDM-4/-8 for non-precoded CSI-RS”, Samsung, Lisbon, Portugal, October 10th-14th, 2016
[3] R1-1608731, “Enhanced non-precoded CSI-RS with CDM-2/4”, CATT, Lisbon, Portugal, October 10th-14th, 2016

image3.wmf
'

CSI

ports

p

iN

p

+

=


oleObject1.bin

image4.wmf
{

}

1

15

,..,

16

,

15

'

CSI

ports

-

+

Î

N

p


oleObject2.bin

image5.wmf
CSI

ports

N


oleObject3.bin

image6.wmf
{

}

1

,...,

1

,

0

CSI

res

-

Î

N

i


oleObject4.bin

image7.wmf
CSI

res

N


oleObject5.bin

image8.emf
15

16

17

18

23

24

25

26

19

20

21

22

27

28

29

30

31

32

33

34

39

40

41

42

35

36

37

38

43

44

45

46

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

N

1

N

2

15

16

23

24

17

18

25

26

19

20

27

28

21

22

29

30

31

32

39

40

33

34

41

42

35

36

43

44

37

38

45

46

(a)

(b)

(c)


image9.emf
23

24

25

26

35

36

37

38

15

16

17

18

19

20

21

22

27

28

29

30

31

32

33

34

N

1

N

2


image1.emf
C

D

F

C

D

E

F

A

B

A

B

A

B

A

B

G G

G G

C

D

E

F

F

C

D

E

E

1

2

 

s

u

b

c

a

r

r

i

e

r

s

0 5 2 3 6 4 0 2 3 1 4 5 6 1

slot0 slot1


image2.emf
C

C

E

E

D

D

F

F

A

A

A

A

B

B

B

B

G

G

G

G

H

H

H

H

C

C

E

E

F

F

D

D

1

2

 

s

u

b

c

a

r

r

i

e

r

s

0 5 2 3 6 4 0 2 3 1 4 5 6 1

slot0 slot1


