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Introduction
In Ran1#87, the following agreements were reached on CDM8 patterns for 24 and 32 ports [1]:
	
Agreement:

CDM-8 patterns for {24, 32} ports can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations
· For each CSI-RS resource (i.e. RE configuration), at least one aggregated pattern that supports full power utilization is supported
· FFS until RAN1#88:
· Whether more than one aggregated pattern supporting full power utilization per CSI-RS resource (i.e. RE configuration) is supported
· Whether any patterns which do not support full power utilization are supported (subject to performance benefit being shown)
· How to specify which aggregated patterns are not supported (if any)
· Working assumption: No additional RRC parameters will be specified for indication of the CDM-8 patterns 
· Can be revisited if benefit from additional RRC parameter is shown
· RRC signaling details are FFS 
· A CDM-8 pattern is contained within 1 PRB

In addition, regarding port indexing for CDM4 the following conclusion was reached in RAN1#87 [1]:

Conclusion:
· Companies are encouraged to study the port indexing of CDM-4 considering CSI-RS port sharing including examples R1-1611752 and R1-1611600 until RAN1#88.  
· Other examples are not precluded.




 
In this contribution, we discuss some possible CDM8 patterns as well as a port indexing scheme for CDM4.
CDM8 aggregated patterns
CDM8 pattern design for full power utilization
Full power utilization is used to make up for the gain losses caused by the number of transmitted ports. The CSI-RS combined gain for a  port setup should be equal to  to make up for the number of transmitted ports. The ‘make-up’ gain is composed of the CDM8 processing gain (10log10(8)=9dB for CDM8) and the available power boosting which is pattern dependent.  The amount of required power boosting to achieve full power utilization puts a constraint on the number of available patterns. There are 40 CSI-RS REs available in each PRB and the required boosting is equal to , where M is the CDM block size (M=2,4 or 8).  Table 1 summarizes the required power boosting and the largest possible CSI RS density that is achieving it.

Table 1: required density and power boosting for 24 and 32 ports CSI-RS using CDM8.
	Number of CSI-RS ports
	Required ‘make up’ gain
	Required power boosting

	24
	14 dB
	5dB

	32
	15 dB
	6dB



The agreement on CDM-8 states that CDM-8 patterns can be configured by aggregation of CDM-2/4 patterns from different CSI-RS configurations.  However, according to working assumption, no additional RRC parameters will be specified for indication of the CDM-8 patterns.  Due to this, RRC configuration of a choice between CDM-2 or CDM-4 is not possible for a given number of ports.  Therefore, we propose to use one CDM type for each of the 24 and 32 ports configurations.  For instance, aggregation of CDM-4 patterns from different CSI-RS configurations can be used for 24 ports, and aggregation of CDM-2 patterns from different CSI-RS configurations can be used for 32 ports.
[bookmark: _Toc473028439][bookmark: _Toc473102466][bookmark: _Toc473189464][bookmark: _Toc473190149][bookmark: _Toc473555059][bookmark: _Toc474146713][bookmark: _Toc474165511][bookmark: _Toc474168615][bookmark: _Toc474168750][bookmark: _Toc474169947][bookmark: _Toc474170115][bookmark: _Toc474170274][bookmark: _Toc474171142][bookmark: _Toc474171373][bookmark: _Toc474171468][bookmark: _Toc474171641]Proposal 1 Use a single CDM type for each of the 24 and 32 ports patterns.
32-ports patterns
To obtain a boosting of 6dB, a CDM8 pattern must occupy at most 1/4th of REs assigned to CSI-RS in an OFDM symbol. Based on this observation, only CDM2 aggregation for CDM8 construction will enable a full power utilization for 32 ports.
[bookmark: _Toc473028457][bookmark: _Toc473102458][bookmark: _Toc473189455][bookmark: _Toc473190139][bookmark: _Toc473555049][bookmark: _Toc474146703][bookmark: _Toc474165501][bookmark: _Toc474168605][bookmark: _Toc474168740][bookmark: _Toc474169939][bookmark: _Toc474170107][bookmark: _Toc474170266][bookmark: _Toc474171135][bookmark: _Toc474171366][bookmark: _Toc474171461][bookmark: _Toc474171634]Observation 1:  For 32 ports, full power utilization is only possible with CDM8 patterns using CDM2 aggregation.
To aggregate 32 ports, at least 4 OFDM symbols are needed, spanning either 5 or 6 OFDM symbols in time. Two possible patterns are shown in Figure 1, where REs labelled with the same symbol, e.g. “A” belongs to one CDM-8 group. With these RE arrangement, full power boosting is possible.  The design of the CDM-8 pattern should take into account the RE separation in time and frequency.  Due to hardware limitation, such as phase noise and frequency drift as well as channel variation (e.g. Doppler shift), the assumption of a constant channel over the CDM8 codeword is more difficult to satisfy for CDM-8 patterns that contain REs with large time/frequency separation.  Since the CDM-8 patterns proposed in Figure 1 have REs within a CDM-8 group that are closest to each other (i.e. within 3 subcarriers and either 5 or 6 OFDM symbols) while satisfying the full power utilization condition, the proposed CDM-8 patterns are suitable from the perspective of power utilization and robustness to the channel variation and hardware imperfection. 
[bookmark: _Toc472495616][bookmark: _Toc472495655][bookmark: _Toc473028458][bookmark: _Toc473102459][bookmark: _Toc473189456][bookmark: _Toc473190140][bookmark: _Toc473555050][bookmark: _Toc474146704][bookmark: _Toc474165502][bookmark: _Toc474168606][bookmark: _Toc474168741][bookmark: _Toc474169940][bookmark: _Toc474170108][bookmark: _Toc474170267][bookmark: _Toc474171136][bookmark: _Toc474171367][bookmark: _Toc474171462][bookmark: _Toc474171635]Observation 2: For 32 ports, full power utilization is possible with CDM2 aggregation with REs of the CDM-8 pattern are separated by either 5 or 6 OFDM symbols (CDM-2 aggregation from either 8-port CSI-RS configurations 0, 1, 2, 3 or 1,2,3,4).
[bookmark: _Toc473028459][bookmark: _Toc473102460][bookmark: _Toc473189457][bookmark: _Toc473190141][bookmark: _Toc473555051][bookmark: _Toc474146705][bookmark: _Toc474165503][bookmark: _Toc474168607][bookmark: _Toc474168742][bookmark: _Toc474169941][bookmark: _Toc474170109][bookmark: _Toc474170268][bookmark: _Toc474171137][bookmark: _Toc474171368][bookmark: _Toc474171463][bookmark: _Toc474171636]Observation 3: CDM-8 patterns with REs separated by more than 6 OFDM symbols may lead to performance losses due to hardware limitation (e.g., phase noise) and channel variations (e.g., Doppler shift).

[bookmark: _Toc472495661][bookmark: _Toc472501324][bookmark: _Toc472501432][bookmark: _Toc473028440][bookmark: _Toc473102467][bookmark: _Toc473189465][bookmark: _Toc473190150][bookmark: _Toc473555060][bookmark: _Toc474146714][bookmark: _Toc474165512][bookmark: _Toc474168616][bookmark: _Toc474168751][bookmark: _Toc474169948][bookmark: _Toc474170116][bookmark: _Toc474170275][bookmark: _Toc474171143][bookmark: _Toc474171374][bookmark: _Toc474171469][bookmark: _Toc474171642]Proposal 2:  CDM8-based 32 port configuration is based on aggregation of CDM-2 configurations as shown in Figure 1. 


[bookmark: _Ref473027854]Figure 1: CSI RS resource grid showing CDM-8 patterns for 32 ports
The proposal introduces two possible configurations for 32-port using CDM8. Given that there are only 40REs available in a PRB, all configurations with 32 ports will have some form of overlap. The two proposed configurations have full power utilization and give flexibility to the choice of pattern in case the network want to configure the remaining REs for other application. Thus additional configurations cannot be motivated. 
[bookmark: _Toc473189458][bookmark: _Toc473190142][bookmark: _Toc473555052][bookmark: _Toc474146706][bookmark: _Toc474165504][bookmark: _Toc474168608][bookmark: _Toc474168743][bookmark: _Toc474169942][bookmark: _Toc474170110][bookmark: _Toc474170269][bookmark: _Toc474171138][bookmark: _Toc474171369][bookmark: _Toc474171464][bookmark: _Toc474171637]Observation 4 The proposed 32 port configurations provide both flexibility and full power utilization.
24-ports patterns
For 24 ports, the whole set of ports can be mapped on OFDM symbols 9 and 10 of the PRB. Thus, there is at least one CDM-8 pattern that allows full power utilization using CDM4 aggregation. In addition to having full power utilization the ideal aggregated pattern should be robust to channel variations in time and frequency. For that reason, CDM-8 patterns with REs that are tightly grouped in the time-frequency grid should be preferred. For this reason, it is proposed to use CDM4 aggregation for 24 ports, using the regions of OFDM symbols 9 and 10. No other patterns with CDM4 aggregation satisfying full power utilization are possible for 24 ports.

[bookmark: _Toc472431759][bookmark: _Toc472495618][bookmark: _Toc472495657][bookmark: _Toc473028461][bookmark: _Toc473102462][bookmark: _Toc473189460][bookmark: _Toc473190145][bookmark: _Toc473555055][bookmark: _Toc474146709][bookmark: _Toc474165507][bookmark: _Toc474168611][bookmark: _Toc474168746][bookmark: _Toc474169943][bookmark: _Toc474170111][bookmark: _Toc474170270][bookmark: _Toc474171139][bookmark: _Toc474171370][bookmark: _Toc474171465][bookmark: _Toc474171638]Observation 5:  For 24 ports, full power utilization is possible with CDM4 aggregation with REs in OFDM symbols 9 and 10 (CDM-4 aggregation from 8-port CSI-RS configurations 1, 2, 3). 


[bookmark: _Ref472690634][bookmark: _Ref472690630]Figure 2: CSI RS resource grid with allocation for 24 ports CSI-RS
Performance results 
24 ports full/non full power utilization patterns
To assess the penalty of having non-full power utilization compared to full power utilization, a system simulation was performed with CDM-8 patterns as shown in Figure 3. The simulation uses a 2x6 dual polarized antenna array with 2x1 virtualization. The 24 port CSI-RS resource with non-full power utilization is formed by aggregating 8-port CSI-RS resources 0, 1, and 2.  The power utilization is then 12 dB. The 24 port CSI-RS resource with full power utilization is formed by aggregating 8-port CSI-RS resources 1, 2, and 3.  The power utilization is then 13.6 dB. The CDM-8 groupings are denoted as groups A, B and C. The remaining assumptions are given in Appendix.
	


	(a) 24-ports with CDM-8, 12dB power utilization
	(b) 24-ports with CDM-8, full power utilization


Figure 3.  CDM-4 and CDM-8 patterns simulated

The performance comparison for the two power utilizations is shown in Table 2 below.  At an RU of 70%, a 7% cell edge throughput gain and a 4% mean throughput gain are observed with full power utilization over partial power utilization.  From these results, it can be concluded that full power utilization for CDM-8 patterns can yield notable performance gains over non-full power utilization.
[bookmark: _Toc458815099][bookmark: _Toc473102463][bookmark: _Toc473189461][bookmark: _Toc473190146][bookmark: _Toc473555056][bookmark: _Toc474146710][bookmark: _Toc474165508][bookmark: _Toc474168612][bookmark: _Toc474168747][bookmark: _Toc474169944][bookmark: _Toc474170112][bookmark: _Toc474170271][bookmark: _Toc474171140][bookmark: _Toc474171371][bookmark: _Toc474171466][bookmark: _Toc474171639]Observation 6:  At an RU of 70%, a 7% cell edge throughput gain and a 4% mean throughput gain are observed for CDM-8 patterns formed by aggregation of CDM-4 groups allowing full power utilization compared to patterns with non-full power utilization.
[bookmark: _Ref458120797]
Table 2.  Comparison between non-full and full power utilization for CDM8 based 24-ports
[image: ]
[bookmark: _Toc473190151][bookmark: _Toc473555061][bookmark: _Toc474146715][bookmark: _Toc474165513][bookmark: _Toc474168617][bookmark: _Toc474168752][bookmark: _Toc474169949][bookmark: _Toc474170117][bookmark: _Toc474170276][bookmark: _Toc474171144][bookmark: _Toc474171375][bookmark: _Toc474171470][bookmark: _Toc474171643]Proposal 3: CDM8-based 24 port configuration is based on aggregation of CDM-2 configurations as shown in Figure 2.

 Port Indexing for CDM4 
CSI-RS Resource Configuration
Similar to Rel-13, the CSI-RS resource for more than 16 ports can be configured via a list of   CSI-RS configuration indices defined in Table 6.10.5.2-1 and 2 in 3GPP TS 36.211. The list of CSI-RS configuration indices can be denoted as
					
where   is the  CSI-RS configuration index.  For  antenna ports,  , where  is the number antenna ports associated with each CSI-RS configuration index. As agreed in RAN1#86bis,  for {24, 32} ports and  for {20, 28} ports.  Thus   for N=20,24,28, and 32, repectively. 
 Port Indexing for CDM4
With the above CSI-RS resource configuration list, there are two possible options for CSI-RS port indexing for CDM4 in Rel-14. In the first option, the Rel-13 CSI-RS port indexing formula below for CDM4 may be reused:
	
 
	(Eq. 1)




where  is the port index associated with each CSI-RS configuration index number , and .  As discussed in [2][3][4], port sharing with Rel-13 UEs is not possible at least for some of the port layouts supported in Rel-14. 
In the second option, new formulas would be used instead to enable port sharing with Rel-13 UEs when CDM4 is configured.  In [2]to[4],  some formulas were proposed for port indexing for CDM4.  However, only subsets of the port layouts are covered.  
To support port sharing for all port layouts of  20,24,28 and 32 ports, we propose a simple port indexing formula below to support port sharing with Rel-13 UEs when CDM4 is configured:   
	 
	(Eq. 2)



where ,  ,  and is given by 
 		
Table 3 below shows the L values for all the port layouts supported in Rel-14.  

[bookmark: _Ref468284330]Table 3: L values for different port layouts
	Number of CSI-RS antenna ports, P
	
	
	L

	 20
	(2,5)
	(5,4)
	1

	
	(5,2)
	
	2

	
	(10,1)
	
	2

	24
	(2,6)
	(3,8)
	2

	
	(3,4)
	
	4

	
	(4,3)
	
	1

	
	(6,2)
	
	4

	
	(12,1)
	
	4

	28
	(2,7)
	(7,4)
	1

	
	(7,2)
	
	2

	
	(14,1)
	
	2

	32
	(2,8)
	(4,8)
	2

	
	(4,4)
	
	1

	
	(8,2)
	
	4

	
	(16,1)
	
	4



[bookmark: _GoBack]Instead of using sequential port mapping for CDM4 as done in Rel-13, the port p in the new proposal  is interleaved across the CSI-RS resources.  Examples for L=1,2 and 4 are shown in Figure 4. This port mapping maps each CSI-RS resource in the CSI-RS configuration list to a set of adjacent physical ports such than the first few CSI-RS resources in the list are mapped to 16 adjacent physical ports, which forms a Rel-13 port layout.

[bookmark: _Ref472417725]Figure 4: Interleaved port indexing for CDM4
Figure 5 to Figure 8 show the corresponding port indexing for all the port layout for 20, 24, 28 and 32 ports, respectively. Note that in the figures, as an example, N1 is mapped to the horizontal dimension while N2 is mapped to the vertical dimension.

[bookmark: _Ref472432293]Figure 5: Port indexing for port layouts with 20 ports,  where  and 


Figure 6: Port indexing for port layouts with 24 ports,  where and  .

Figure 7: Port indexing for port layouts with 28 ports, where   and 

[bookmark: _Ref466998858]Figure 8: Port indexing for port layouts with 32 ports, where   and 

One of the requirements for a Rel-13 12 or 16 ports layout is that half of the ports are on one polarization and the half of the ports are on a different polarization.  For example, in the figures the antenna ports of the same colour are mapped to one of the CSI-RS resources in the CSI-RS configuration list.  The ports with “yellow” color are ports mapped to the 1st CSI-RS resource. The ports with “green” color are ports mapped to the 2nd CSI-RS resource, and so on. Each of the CSI-RS resources have half of the ports on one polarization and the other half on a different polarization. These ports form a Rel-13 12 or 16 ports layout and can be shared with Rel-13 UEs.  
The advantage of the proposed formula is that firstly a single fomula would be used for all the Rel-14 port layouts. Secondly, port sharing of 12 or 16 ports are supported, which would provide the best performance for Rel-13 UEs. Thirdly, the shared ports have similar layout as the Rel-14 port layout, i.e. for a Rel-14 2D (or 1D) port layout, the shared ports have also a 2D (or 1D) port layout with similar shape, which would preserve the properties of the port layouts possiblly optimizaed for a given deployement scenario. 
[bookmark: _Toc472495619][bookmark: _Toc472495658][bookmark: _Toc473028462][bookmark: _Toc473102465][bookmark: _Toc473189463][bookmark: _Toc473190148][bookmark: _Toc473555058][bookmark: _Toc474146712][bookmark: _Toc474165510][bookmark: _Toc474168614][bookmark: _Toc474168749][bookmark: _Toc474169946][bookmark: _Toc474170114][bookmark: _Toc474170273][bookmark: _Toc474171141][bookmark: _Toc474171372][bookmark: _Toc474171467][bookmark: _Toc474171640]Observation 7  With the formula given in Equation 2, a simple port indexing scheme for CDM4 can be used to support port sharing with Rel-13 UEs supporting 12 or 16 ports 
[bookmark: _Toc472495663][bookmark: _Toc472501326][bookmark: _Toc472501434][bookmark: _Toc473028442][bookmark: _Toc473102469][bookmark: _Toc473189467][bookmark: _Toc473190152][bookmark: _Toc473555062][bookmark: _Toc474146716][bookmark: _Toc474165514][bookmark: _Toc474168618][bookmark: _Toc474168753][bookmark: _Toc474169950][bookmark: _Toc474170118][bookmark: _Toc474170277][bookmark: _Toc474171145][bookmark: _Toc474171376][bookmark: _Toc474171471][bookmark: _Toc474171644]Proposal 4 Consider to use port indexing formula in Equation 2 for CDM4 in Rel-14.
Conclusion
Based on the discussions, we make the following observations and proposals for CDM8 patterns and port indexing for CDM4: 

Observation 1:  For 32 ports, full power utilization is only possible with CDM8 patterns using CDM2 aggregation.
Observation 2: For 32 ports, full power utilization is possible with CDM2 aggregation with REs of the CDM-8 pattern are separated by either 5 or 6 OFDM symbols (CDM-2 aggregation from either 8-port CSI-RS configurations 0, 1, 2, 3 or 1,2,3,4).
Observation 3: CDM-8 patterns with REs separated by more than 6 OFDM symbols may lead to performance losses due to hardware limitation (e.g., phase noise) and channel variations (e.g., Doppler shift).
Observation 4 The proposed 32 port configurations provide both flexibility and full power utilization.
Observation 5:  For 24 ports, full power utilization is possible with CDM4 aggregation with REs in OFDM symbols 9 and 10 (CDM-4 aggregation from 8-port CSI-RS configurations 1, 2, 3).
Observation 6:  At an RU of 70%, a 7% cell edge throughput gain and a 4% mean throughput gain are observed for CDM-8 patterns formed by aggregation of CDM-4 groups allowing full power utilization compared to patterns with non-full power utilization.
Observation 7  With the formula given in Equation 2, a simple port indexing scheme for CDM4 can be used to support port sharing with Rel-13 UEs supporting 12 or 16 ports


Proposal 1 Use a single CDM type for each of the 24 and 32 ports patterns.
Proposal 2:  CDM8-based 32 port configuration is based on aggregation of CDM-2 configurations as shown in Figure 1.
Proposal 3: CDM8-based 24 port configuration is based on aggregation of CDM-2 configurations as shown in Figure 2.
Proposal 4 Consider to use port indexing formula in Equation 2 for CDM4 in Rel-14.
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Appendix
	Carrier frequency
	2 GHz 

	Bandwidth
	10 MHz 

	Scenarios
	3D UMa 500m ISD

	Antenna Configuration
	2x6 with 2x1 virtualization (121 degree tilt)

	Cell layout
	57 homogeneous cells

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	5 ms

	CSI delay 
	5 ms

	CSI mode
	Aperiodic mode 3-2

	Outer loop LA
	Yes, 10% BLER target

	eNB Tx power 
	46dBm

	Traffic model
	FTP Model 1, 500 kB packet size

	UE speed 
	3 km/h

	UE noise figure
	9dB

	Scheduling 
	Proportional fair in time and frequency

	Transmission Mode
	TM10 with non-shifted CRS

	DMRS overhead
	2 antenna ports

	CSI-RS
	Overhead accounted for; channel estimation error modeled

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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Reference RU [%] 70
Reference offered traffic [bps/Hz/cell] 147
Power Utilization [dB] 12 136
Call edge throughput [bps/Hz/user] 0.26
Mean throughput [bps/Hz/user] 162
Cell edge gain [%] 0 +7
Mean throughput gain [%] 0 +4
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