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In RAN1#82bis, the following agreements and working assumptions are drawn for 12 and 16 port CSI-RS mapping.
Working assumptions:
· For 12 or 16 ports, a CSI-RS resource for class A CSI reporting is composed as an aggregation of K CSI-RS configurations.
· ∑k Nk ∈ {12,16}
· Either CDM-2 or CDM-4 per CSI-RS resource can be configured for a UE
· No need to send LS to RAN4 to change 6 dB power boosting assumption for CSI-RS transmission
· RRC configuration parameters include:
· A list of K CSI-RS resource configurations;
· In case of CDM-2, the CSI-RS resource configurations indicate CSI-RS RE locations according to legacy resource configurations in 36.211
· Nk ∈ {2, 4, 8}, and the same Nk = N used for all k
· One or more values from {2, 4, 8} can be down-selected
· FFS: In case of CDM-4, the CSI-RS resource configurations indicate CSI-RS RE locations:
· A single set of subordinate parameters that will commonly apply to all resources within Rel-13 CSI-RS resource
· number of antenna ports (N), 
· subframe config., 
· scrambling ID, 
· QCL info.
Agreements:
· 12 and 16 Port CSI-RS construction for CDM-2
· For 16 port construction:
· Working assumption (N,K) = (8,2), (2,8)
· For 12 port construction:
· Working assumption (N,K) = (4,3), (2,6)
· CSI-RS RE mapping details for CDM-2
· The ports of the aggregated resource correspond to the ports of component resources according to the following:
· The aggregated port numbers are 15, 16, … 30 (for 16 CSI-RS ports)
· The aggregated port numbers are 15, 16, … 26 (for 12 CSI-RS ports)
· FFS: The aggregated port number is given by n=(k-1)*N+p, p = 15,…,14+N,   
· k (= 1,…,K) correspond to the k-th CSI-RS configuration.
· Working assumption CSI-RS RE mapping details for CDM-4
· Full-port CSI-RS can be mapped in each OFDM symbol used for CSI-RS mapping.
· CDM RE set construction 
· Alt 1: time domain only (4 OFDM symbols)
· Alt 2: time and frequency domain (2 subcarriers x 2 OFDM symbols)
· Down-selection or merging of the two alternatives FFS
This contribution presents link-level simulation results to show the advantage of CDM-4 and full-power utilization, and proposes for detail designs with CDM-4 based CSI-RS mapping
Link-Level Simulation 
CDM-4 based CSI-RS RE mapping allows full-power utilization, which can be translated into performance advantage for low-SINR UEs. To quantify such benefits, link-level throughput analysis has been performed. Details of the simulation assumptions can be found in Table 1. 
[bookmark: _Ref434250632]Table 1 Link-level simulation parameters
	Parameters (common)
	Value / Comment

	Transmission bandwidth
	5MHz

	Channel model, UE velocity, spatial correlation
	3GPP ETU channel without correlation, 3 km/h

	Antenna configuration
	16Tx / 2 Rx antennas

	Detector
	MMSE receiver

	PDCCH / PDSCH configuration
	2 / 12 OFDM symbols per sub-frame

	Modulation, code rates
	CQI based link adaptation

	HARQ
	Synchronous HARQ with Chase Combining (max 4 transmissions)

	Number of allocated PRBs
	4 PRBs 

	CSI feedback
	CQI/PMI/RI Mode 1-1 based on 16Tx codebook (rank1/2)

	Feedback delay
	2 msec

	Feedback periodicity 
	5 msec

	Channel estimation for demodulation
	2D MMSE

	Channel estimation for CQI/PMI/RI computation
	1D MMSE

	Rank adaptation
	On



 Error! Reference source not found. illustrates the six different 16-port CSI-RS mapping patterns used for the simulation:
(a) CDM-2 pattern: two 8-port legacy CSI-RS REs are aggregated
· This is according to the agreed working assumption for CDM-2 based mapping.
(b) CDM-4 pattern 1: CDM-TF (in time-frequency domain) is applied across 2x2 time/frequency adjacent REs 
· New 4-port CSI-RS resource is mapped onto 2x2 time/frequency adjacent REs and four such 4-port CSI-RS resources are aggregated. CDM-4 is applied across those four REs of each 4-port CSI-RS resource.
(c) CDM-4 pattern 2: CDM-TF is applied across 2x2 time-adjacent/frequency-separated REs. 
· Four legacy 4-port CSI-RS resources are aggregated. CDM-4 is applied across those four REs of each 4-port CSI-RS resource.
(d) CDM-4 pattern 3: CDM-T (in time domain) is applied across 1x4 REs on a same subcarrier. 
· Two legacy 8-port CSI-RS resources are aggregated, in such a way that the OFDM symbol spacing between the two resources are minimized. CDM-4 is applied across those four REs on a same subcarrier. 
(e) CDM-4 pattern 4: CDM-T is applied across 1x4 REs on a same subcarrier. 
· Two legacy 8-port CSI-RS resources are aggregated, in such a way that the OFDM symbol spacing between the two resources are maximized. CDM-4 is applied across those four REs on a same subcarrier.
(f) CDM-4 pattern 5: CDM-T is applied across 4 staggered REs. 
· Two legacy 8-port CSI-RS resources are aggregated, in such a way that the OFDM symbol spacing between the two resources are maximized. CDM-4 is applied across those four REs, composed of the two REs on a n-th subcarrier of a first resource and two REs on a n-th subcarrier of a second resource, where n = 1, 2, 3, 4.
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	(a) CDM-2 Pattern
	(b) CDM-4 Pattern 1 (CDM-TF)
	(c) CDM-4 Pattern 2 (CDM-TF)
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	(d) CDM-4 Pattern 3 (CDM-T)
	(e) CDM-4 Pattern 4 (CDM-T)
	(f) CDM-4 Pattern 5 (CDM-Staggered)


[bookmark: _Ref434509733]Figure 1. Simulated CSI-RS RE mapping patterns
Relative throughput gains of the CDM-4 patterns with 3km/h UE speed are shown in Table 2. The throughput gain of CDM-4 patterns is about 30% at 0dB, but no significant performance difference is found among different CDM-4 patterns. The 16-port CSI-RS used for CQI/PMI derivation are distributed across the 8~10 subcarriers and hence the estimated CQI/PMI is already far from perfect; and it seems that different CDM patterns do not produce much final performance difference. 
[bookmark: _Ref434266440]Table 2 Relative average throughput gain(%) of CDM-4 patterns against the CDM-2 pattern with 3 km/h
	SNR
CDM
	-6 dB
	-3 dB
	0 dB
	3 dB
	6 dB
	9 dB
	12 dB
	15 dB
	18 dB
	21 dB
	24 dB
	27 dB
	30 dB

	(b)
	17
	29
	33
	20
	11
	8
	5
	3
	1
	0
	0
	0
	0

	(c)
	17
	29
	34
	21
	10
	8
	5
	3
	1
	0
	0
	0
	0

	(d)
	17
	29
	33
	21
	10
	8
	5
	3
	2
	2
	0
	0
	0

	(e)
	17
	19
	31
	21
	10
	8
	5
	3
	2
	2
	0
	0
	0

	(f)
	17
	19
	28
	13
	6
	5
	3
	1
	0
	0
	0
	0
	0



Observation 1: With CDM-4, about 30% throughput performance can be achieved at 0dB with 3km/h. 
Observation 2: Relative performance difference of different CDM-4 patterns is marginal. 
Proposals on CDM-4 CSI-RS RE mapping
In order for the CSI-RS RE mapping pattern to ensure full-power utilization and up to 6-dB power boosting for 12-port or 16-port CSI-RS mapping, the following two conditions should be met:
· Condition 1: Full-port CSI-RS are mapped in each OFDM symbol used for CSI-RS mapping.
· Condition 2: CDM-4 has to be used either in time or in frequency domain.
These two conditions are satisfied with the illustrated examples of CDM-4 patterns 1-5 in Figure 1. 
For specifying CDM-4 CSI-RS RE mapping, for full flexibility, it is proposed to aggregate legacy CSI-RS resources without imposing restriction on the pool of the legacy CSI-RS resources. This may imply that some CSI-RS patterns constructed with CDM-4 do not achieve full power utilization; however, some of these patterns may still achieve less power loss than CDM-2 counterparts [1]. In addition, un-restricted aggregation allows both CDM-T and CDM-TF, and this will maximize the reuse factor and the number of full-power achieving CSI-RS patterns. 
Based upon these design principles, the following combination is proposed for constructing 12- and 16- port CSI-RS resources:
· 12-port CSI-RS: (N,K) = (4,3), (8,2)
· 16-port CSI-RS: (N,K) = (4,4), (8,2).
[image: ]
[bookmark: _Ref434314365]Figure 2. 12 or 16 port CSI-RS resource mapping with 2 x (8-port legacy resources)
When component legacy CSI-RS resources have 8 ports, CDM-4 should be applied across the 4 REs composed of two REs on the n-th subcarrier of the first resource and two REs on the n-th subcarrier of the second resource, where n = 1, 2, 3, 4 for 16-port case and n = 1, 2, 3 for 12-port case. In particular, in the 12-port cases, the REs belonging to n=4 can be used for PDSCH mapping for those UEs configured with the 12-port CSI-RS. When this mapping method is used, full-power utilization is achieved with both CDM-T and CDM-TF. This proposal is illustrated in Figure 2. In Figure 2, two legacy 8-port CSI-RS resources can be aggregated for 12- or 16-port CSI-RS mapping, and CDM-4 is applied across those REs labeled with the same alphabet, i.e., one of ‘A’, ‘B’, ‘C’ and ‘D’. For 12-port CSI-RS mapping, REs labeled with ‘A’,’B’ and ’C’ can be used for the RE mapping. 
[image: ]
[bookmark: _Ref434321357]Figure 3. 12 or 16 port CSI-RS resource mapping with (3 or 4) x (4-port legacy resources)
When component legacy CSI-RS resources have four ports, CDM-4 should be applied across 4 REs corresponding to each component legacy CSI-RS resource. In this case, full-power utilization is achieved with CDM-TF only. This proposal is illustrated in Figure 3. In Figure 3, each alphabet, i.e., one of ‘A’, ‘B’, …, ‘J’, corresponds to a legacy 4-port CSI-RS resource. Three and four legacy 4-port CSI-RS resources can be aggregated respectively for 12- or 16-port CSI-RS mapping, and CDM-4 is applied across those REs labeled with the same alphabet. 
Conclusions
In this contribution, the following observations are made: 
Observation 1: With CDM-4, about 30% throughput performance can be achieved at 0dB with 3km/h. 
Observation 2: Relative performance difference of different CDM-4 patterns is marginal. 

Finally, the proposal in Section 3 can be summarized as in the following: 
Proposal: CDM-4 based CSI-RS mapping should be performed according to the following:
· 12-port CSI-RS: (N,K) = (4,3), (8,2)
· 16-port CSI-RS: (N,K) = (4,4), (8,2).
· For 8-port resource aggregation:
· 
The time frequency resources for  are determined according to the legacy specification, for the two 8-port CSI-RS resources. 
· 



Note that in this case 4 REs will be associated with each of , ,  and .
· 

Antenna ports  of the aggregated resource is related to  according to the following: 
· 


, , where . 
· 



[bookmark: _GoBack]Note that in this case four antenna ports will be associated with each of , ,  and .
· 



A CDM group is composed of four antenna ports and four REs corresponding to each of , ,  and . 
· The 1st and the 2nd REs of the CDM group correspond to the two REs from the first resource; and the 3rd and the 4th REs of the CDM group correspond to the two REs from the second resource. 
· 


OCCs 0, 1, 2, 3 are respectively assigned to  (or  of the first and the second resources), for each . 
· For 4-port resource aggregation:
· 


Time frequency resources for the antenna port numbers  of the aggregated CSI-RS resource correspond to those four REs for the n-th CSI-RS resource with , where .
· 


Note that antenna ports  of the aggregated CSI-RS resource will be mapped to four REs used for antenna ports  of the 1st, 2nd, 3rd and 4th CSI-RS resources, respectively for .
· 

A CDM group is composed of four antenna ports  and the corresponding time frequency resources, for each . 
· 

The 1st and the 2nd REs of the CDM group correspond to the two REs for ; and the 3rd and the 4th REs of the CDM group correspond to the two REs for .
· 

OCCs 0, 1, 2, 3 are respectively assigned to  for each .
· 
OCCs to apply on the four REs  are according to Table 3. 

[bookmark: _Ref432418990]Table 3 OCC mapping
	OCC index 
	CDM Walsh cover to apply on the four REs



	If corresponding OCC index for antenna port p is 0:
	[+1 +1 +1 +1]

	If corresponding OCC index for antenna port p is 1:
	[+1 -1 +1-1]

	If corresponding OCC index for antenna port p is 2:
	[+1 +1 -1-1]

	If corresponding OCC index for antenna port p is 3:
	[+1 -1 -1 +1]
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