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Introduction
In RAN1#86, the following agreement was made with regards to CSI-RS resource aggregation [1]:
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

In RAN1#86bis, the following agreement was made with regards to CDM-8 for NZP CSI-RS [2]:
Agreement:
· CDM-8 design for {24, 32} ports:
· At least for 32-port CSI-RS, at least one CDM-8 pattern exists which uses REs from more than 2 OFDM symbols
· FFS until RAN1#87:
· which CDM-8 patterns are useful, and 
· downselection between:
· Alt 1: CDM-8 patterns are configured by aggregation of CDM-2/4 patterns
· Alt 2: CDM-8 patterns are defined in the specifications without explicit aggregation
· Overhead reduction for CDM-8 is FFS
· Note: CDM-8 can be supported in both normal and special subframes

In this contribution, we present our views on the CSI-RS aggregation and CDM mapping details related to CDM-8 design.

CDM-4 Aggregation based CDM-8
Given that for 24 and 32 ports, aggregation of 8-port CSI-RS resources have been agreed for at least CDM-2 and CDM-4 case, we think it is a natural extension to also apply the same CSI-RS aggregation principle to CDM-8 as well.  Hence, we first make the following proposal:
[bookmark: _Toc465809952][bookmark: _Toc465811461][bookmark: _Toc465860654][bookmark: _Toc465873422][bookmark: _Toc465873472][bookmark: _Toc465874666][bookmark: _Toc465874759][bookmark: _Toc465891966][bookmark: _Toc465893278][bookmark: _Toc465894530][bookmark: _Toc465894655][bookmark: _Toc465894783][bookmark: _Toc465895007][bookmark: _Toc465895099][bookmark: _Toc466034911]The same CSI-RS resource aggregation principle agreed for CDM-2 and CDM-4 should also be adopted for CDM-8 designs with 24 and 32 ports.
If the same CSI-RS resource aggregation principle as CDM-2 and CDM-4 are also adopted for CDM-8, then a CDM-8 design based on aggregating two CDM-4 groups in two different legacy 8-port CSI-RS resources is an attractive design option.  A 32-port example is shown in Figure 1, where the CDM-8 group denoted by A is formed by aggregating a CDM-4 group from legacy 8-port CSI-RS resource 0 and a CDM-4 group from legacy 8-port CSI-RS resource 2.
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[bookmark: _Ref462828080]Figure 1.  An example of CDM-8 design by aggregation of CDM-4 groups for 32 ports
In [3], it was further proposed that the aggregation of the CDM-4 groups is done in the order of the CSI-RS configuration index.  For instance, if the four legacy 8-port CSI-RS resources being aggregated together are signaled by the eNodeB to the UE as {0, 1, 2, 4}, then CDM-4 groups in legacy 8-port CSI-RS resources 0 and 1 are aggregated together to form a CDM-8 group.  Similarly, CDM-4 groups in legacy 8-port CSI-RS resources 2 and 4 are aggregated together to form a CDM-8 group.  This results in the CDM-8 group patterns shown in the example of Figure 1.
However, according to the CDM-8 aggregation criterion in [3], if the four legacy 8-port CSI-RS resources being aggregated together are signaled by the eNodeB to the UE as {0, 4, 1, 2}, then CDM-4 groups in legacy 8-port CSI-RS resources 0 and 4 are aggregated together to form a CDM-8 group.  Similarly, CDM-4 groups in legacy 8-port CSI-RS resources 1 and 2 are aggregated together to form a CDM-8 group.  This results in the CDM-8 group patterns shown in Figure 2.  A disadvantage with this CDM-8 grouping is that CDM-8 groups denoted by A and D in Figure 2 are spread across 9 OFDM symbols.  Hence, when the channel varies over 9 OFDM symbols due to UE mobility or phase drift, the orthogonality of these CDM-8 groups may be destroyed.
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[bookmark: _Ref462829268]Figure 2.  Another example of CDM-8 design by aggregation of CDM-4 groups for 32 ports

A second disadvantage of the design approach in [3] is how to support the CDM-8 aggregation for 24 ports.  Since there are an odd number (i.e., 3) of legacy 8-port CSI-RS resources being aggregated together to form a 24-port NZP CSI-RS configuration, the approach of aggregating CDM-4 groups in legacy 8-port CSI-RS resources with consecutive CSI-RS resource numbers does not apply.  This is due to the lack of a fourth legacy 8-port CSI-RS resource which would otherwise be used for CDM-4 aggregation with the third legacy 8-port CSI-RS resource.
It is possible to aggregate CDM-4 groups in an arbitrary fashion in the case of 24-ports as shown in Figure 3.  However, the resulting CDM-8 group C in Figure 3 is spread across 9 OFDM symbols.  Hence, when the channel varies over 9 OFDM symbols due to UE mobility or phase drift, the orthogonality of this CDM-8 group may be destroyed. 
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[bookmark: _Ref462832383]Figure 3.  An example of CDM-8 design with arbitrary CDM-4 aggregation for 24-ports

To minimize the risk of performance losses due to channel variations across 9 OFDM symbols, some constraints can be introduced to the above CDM-8 design approach on which pair of legacy 8-port CSI-RS resources can be used to perform CDM-4 aggregation.  Hence, the pair of legacy 8-port CSI-RS resources can be chosen such that the largest time separation between CSI-RS REs in the two legacy 8-port CSI-RS resources is limited to less than 6 OFDM symbols.  For instance, the CSI-RS REs in legacy 8-port CSI-RS resources 0 and 2 have a maximum separation of 6 OFDM symbols.  This can help reduce the performance losses due to channel variations in time, as this approach only requires the channel to be invariant over a maximum of 6 OFDM symbols to ensure orthogonality within the resulting CDM-8 groups.
To make the CDM-4 aggregation based scheme more appealing to the 24 port case, some additional constraints may be needed on which CDM-4 groups within a pair of legacy 8-port resource configurations can be aggregated together.  Considering the example in Figure 4, if the CDM-4 aggregation across 8-port CSI-RS resource configurations 1 and 4 are done as shown in the figure, the resulting CDM-8 group (denoted by CSI-REs with A) can suffer from channel variations in the frequency domain.  The two CDM-4 groups being aggregated together to form CDM-8 Group A in Figure 4 are separated 8 subcarriers in the frequency domain.  For the orthogonality of the CDM-8 group to hold, the channel needs to be invariant over 8 subcarriers, and under deployment scenarios with high delay spread, this condition is not easily met.  Hence, in addition to minimizing the risk of performance losses due to channel variations across symbols, it is also important to limit the performance losses due to channel variations in the frequency domain (i.e., across subcarriers).
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[bookmark: _Ref462840702]Figure 4.  A CDM-4 aggregation that could result in performance losses

Taking these aspects into account, we make the following proposals:
[bookmark: _Toc462841746][bookmark: _Toc462842020][bookmark: _Toc462842199][bookmark: _Toc463049637][bookmark: _Toc465809953][bookmark: _Toc465811462][bookmark: _Toc465860655][bookmark: _Toc465873423][bookmark: _Toc465873473][bookmark: _Toc465874667][bookmark: _Toc465874760][bookmark: _Toc465891967][bookmark: _Toc465893279][bookmark: _Toc465894531][bookmark: _Toc465894656][bookmark: _Toc465894784][bookmark: _Toc465895008][bookmark: _Toc465895100][bookmark: _Toc466034912]For CDM-8 design, support the aggregation of CDM-4 groups within two different 8-port CSI-RS resource configuraions with some constraints on which CDM-4 groups are allowed to be aggregated.
[bookmark: _Toc462841747][bookmark: _Toc462842021][bookmark: _Toc462842200][bookmark: _Toc463049638][bookmark: _Toc465809954][bookmark: _Toc465811463][bookmark: _Toc465860656][bookmark: _Toc465873424][bookmark: _Toc465873474][bookmark: _Toc465874668][bookmark: _Toc465874761][bookmark: _Toc465891968][bookmark: _Toc465893280][bookmark: _Toc465894532][bookmark: _Toc465894657][bookmark: _Toc465894785][bookmark: _Toc465895009][bookmark: _Toc465895101][bookmark: _Toc466034913]The constraints on which CDM-4 groups are allowed to be aggregated should strive to minimize performance losses due to channel variations in time and frequency domains.

Simulation Results
To identify which CDM-8 patterns formed by an aggregation of two CDM-4 groups that are useful, we performed system level simulations using a 24 port 2x6 dual polarized array with 2x1 subarray virtualization.  The 24 port CSI-RS resource is formed by aggregating 8-port CSI-RS resources 0, 1, and 2.  As shown in Figure 5a, for baseline, we assume a CDM-4 pattern similar to the one in Release 13 where each 8-port CSI-RS resource consists of two CDM-4 groups (denoted by distinct letters A-F in Figure 5a).  For the CDM-8 pattern, we assume the CDM-8 groups formed by CDM-4 aggregation as shown in Figure 5b (where each CDM-8 group is denoted by distinct letters A-C).  Note that the CDM-8 groups in Figure 5b are formed so that the CDM-4 groups being aggregated are separated by a maximum of 6 OFDM symbols (i.e., CDM-8 groups denoted by A and B in Figure 5b are spread across 6 OFDM symbols).  For the patterns in Figure 5a and Figure 5b, a 3 dB power boosting (i.e., borrowing power from other CSI-RS REs) is assumed.  The remaining assumptions are given in Appendix.
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	(a) 24-ports with CDM-4
	(b) 24-ports with CDM-8


Figure 5.  CDM-4 and CDM-8 patterns simulated

The performance compassion between CDM-4 and CDM-8 in the case of 3D-UMa is shown in Table 1 below.  At an RU of 70%, a 11% cell edge throughput gain and a 6% mean throughput gain are observed for CDM-8 over CDM-4.  From these results, it can be concluded that CDM-8 patterns formed by aggregating two CDM-4 groups which uses REs that are separated by a maximum of 6 OFDM symbols can yield notable performance gains over CDM-4 patterns.
[bookmark: _Toc458815099]At an RU of 70%, a 11% cell edge throughput gain and a 6% mean throughput gain are observed for CDM-8 patterns formed by aggregation of CDM-4 groups.
CDM-8 patterns formed by aggregating two CDM-4 groups which uses REs that are separated by a maximum of 6 OFDM symbols can yield notable performance gains.


[bookmark: _Ref458120797]Table 1.  Performance comparison between CDM-4 and CDM-8 for 24-ports in 3D-UMa
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Useful CDM-8 Patterns
Based on the observations in Section 3, we can consider the CDM-8 patterns formed by aggregating two CDM-4 groups which uses REs that are separated by at most 6 OFDM symbols as useful CDM-8 patterns.  A list of useful CDM-8 patterns configurable by aggregation of CDM-4 patterns is given in Table 2.  The CDM-4 patterns in Table 2 are labelled according to the definitions in Figure 6.

[bookmark: _Ref465892194]Table 2.  List of useful CDM-8 patterns configurable by aggregation of CDM-4 patterns
	CDM-8 Pattern Number
	1st CDM-4 pattern
	2nd CDM-4 pattern

	0
	0A
	1A

	1
	0B
	1B

	2
	0A
	2A

	3
	0B
	2B

	4
	0A
	3A

	5
	0B
	3B

	6
	1A
	2A

	7
	1B
	2A

	8
	1B
	2B

	9
	1A
	3A

	10
	1B
	3A

	11
	1B
	3B

	12
	1A
	4A

	13
	1B
	4B

	14
	2A
	3A

	15
	2B
	3A

	16
	2B
	3B

	17
	2A
	4A

	18
	2B
	4B

	19
	3A
	4A

	20
	3B
	4B
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[bookmark: _Ref465893431]Figure 6.  CDM-4 pattern label definitions

Once the 24 and 32 port CSI-RS resources are formed by aggregating 8-port CSI-RS resources, the CDM-8 patterns can be formed by aggregating CDM-4 patterns from the list of useful patterns given in Table 2.  To signal to formed CDM-8 patterns to the UE, the CDM-8 pattern numbers in Table 2 can be configured to the UE by higher layers.  Hence we make the following proposals:
[bookmark: _Toc465894533][bookmark: _Toc465894658][bookmark: _Toc465894786][bookmark: _Toc465895010][bookmark: _Toc465895102][bookmark: _Toc466034914]For 24 and 32 ports, adopt the list of useful CDM-8 patterns configuable by aggregation of CDM-4 patterns given in Table 2.
[bookmark: _Toc465894659][bookmark: _Toc465894787][bookmark: _Toc465895011][bookmark: _Toc465895103][bookmark: _Toc466034915]The CDM-8 pattern numbers in Table 2 are configured to the UE via higher layer signalling.

Conclusion
In this contribution, we present our views on the CSI-RS aggregation and CDM mapping details related to CDM-8 design.  Based on the discussion, we first made the following observations:

1. At an RU of 70%, a 11% cell edge throughput gain and a 6% mean throughput gain are observed for CDM-8 patterns formed by aggregation of CDM-4 groups.
CDM-8 patterns formed by aggregating two CDM-4 groups which uses REs that are separated by a maximum of 6 OFDM symbols can yield notable performance gains.
We furthermore made the following proposals:
Proposal 1	The same CSI-RS resource aggregation principle agreed for CDM-2 and CDM-4 should also be adopted for CDM-8 designs with 24 and 32 ports.
Proposal 2	For CDM-8 design, support the aggregation of CDM-4 groups within two different 8-port CSI-RS resource configuraions with some constraints on which CDM-4 groups are allowed to be aggregated.
Proposal 3	The constraints on which CDM-4 groups are allowed to be aggregated should strive to minimize performance losses due to channel variations in time and frequency domains.
Proposal 4	For 24 and 32 ports, adopt the list of useful CDM-8 patterns configuable by aggregation of CDM-4 patterns given in Table 2.
Proposal 5	The CDM-8 pattern numbers in Table 2 are configured to the UE via higher layer signalling.
[bookmark: _In-sequence_SDU_delivery]
References
[bookmark: _Ref462824507]Chairman’s Notes, 3GPP TSG-RAN WG1 #86, Gothenburg, Sweden, August 22-26, 2016.
[bookmark: _Ref465808545]Chairman’s Notes, 3GPP TSG-RAN WG1 #86bis, Lisbon, Portugal, October 10-14, 2016.
[bookmark: _Ref462827840]R1-167996, “WF on CDM aggregation for NP CSI-RS”, Samsung, Xinwei, Ericsson, 3GPP TSG RAN WG1 Meeting #86, August 22-26, 2016, Gothenburg, Sweden.


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 
	30 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

	Codebook
	2D Grid of Beams based on DFT

	HARQ
	Max 5 retransmissions

	Antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Handover margin
	3 dB
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