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Introduction
In RAN1#86, the following working assumption was made with regards to CDM-8 for NZP CSI-RS:
Working Assumption:
· CDM-8 is supported for at least {24,32} port CSI-RS
· FFS CSI-RS aggregation and CDM mapping details
· FFS additional REs other than legacy CSI-RS RE

In this contribution, we present our views on the CSI-RS aggregation and CDM mapping details related to CDM-8 design.
Discussion
Several alternatives for CDM-8 design were proposed in the last few meetings.  In Sections 2.1-2.2, we first review two alternatives proposed in RAN1#86 and discuss their suitability for {24, 32} port CSI-RS.  Then, a variant of one of the alternatives with some constraints is proposed in Section 2.3 to alleviate the disadvantages of the alternatives in Sections 2.1-2.2.
Alternative 1
In [1], a CDM-8 pattern design is proposed which is reproduced in Figure 1.  The REs with the same letter in Figure 1 represent a CDM-8 group.  The major drawbacks of this design are as follows:
· Each CDM-8 group is spread across 9 OFDM symbols (i.e., from symbol 5 in the first slot to symbol 6 in the second slot).  Since the orthogonality of the length-8 OCC depends on the time flatness of the channel, this design requires that the channel does not vary significantly over the 9 OFDM symbols over which each CDM-8 group is spread.  However, in practice, the channel can vary over 9 OFDM symbols due to UE mobility and phase drift.  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.
· The CDM-8 design has extra CSI-RS overhead.  For instance, for a 32 port NZP CSI-RS design, this design will use all the CSI-RS REs labelled A-D.  Noting that these CSI-RS REs are distributed over all 5 legacy 8-port CSI-RS resources, then these 5 legacy 8-port CSI-RS resources cannot be used for other UEs and legacy UEs always have to perform PDSCH rate matching around all 40 CSI-RS REs in these resources.  This will result in higher CSI-RS overhead than needed (i.e. from legacy UE perspective rate matching is done around 40 CSI-RS REs as opposed to 32 CSI-RS REs).  The problem is even worse for 24 port NZP CSI-RS design since all 40 CSI-RS REs cannot be used for other UEs (i.e., for a legacy UE rate matching is done around 40 CSI-RS REs as opposed to 32 CSI-RS REs).
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[bookmark: _Ref462825711]Figure 1.  CDM-8 design proposed in [1]
Alternative 2
In [2], a CDM-8 approach is proposed where a CDM-8 group is attained by aggregating two CDM-4 groups in two different legacy 8-port CSI-RS resources.  A 32-port example is shown in Figure 2, 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.  An advantage with this alternative is that the same number of CSI-RS REs are used as the number of NZP CSI-RS ports (unlike Alternative 1).
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[bookmark: _Ref462828080]Figure 2.  An example of CDM-8 design proposed in [2] for 32 ports
In [2], it is 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 2.
However, according to the CDM-8 aggregation criterion in [2], 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 3.  A disadvantage with this CDM-8 grouping is that CDM-8 groups denoted by A and D in Figure 3 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 3.  Another example of CDM-8 design proposed in [2] for 32 ports

A second disadvantage of the design approach in [2] 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 4.  However, the resulting CDM-8 group C in Figure 4 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 4.  An example of CDM-8 Design with arbitrary CDM-4 aggregation for 24-ports

Alternative 3
To minimize the risk of performance losses due to channel variations across 9 OFDM symbols, some constraints can be introduced to Alternative 2 on which pair of legacy 8-port CSI-RS resources can be used to perform CDM-4 aggregation.  Hence, in this alternative, 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 5, 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 5 are separated 8 subcarriers in the frequency domain.  In order 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 5.  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]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]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.
[bookmark: _Toc462842022][bookmark: _Toc462842201][bookmark: _Toc463049639]Exact list of allowed CDM-4 group aggregation and signaling details are FFS.

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 made the following proposals:
[bookmark: _GoBack]Proposal 1	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 2	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 3	Exact list of allowed CDM-4 group aggregation and signaling details are FFS.
[bookmark: _In-sequence_SDU_delivery]
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