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1. Introduction
In RAN1#82, two CSI reporting classes were agreed, where in Class A, UEs report CSI according to W=W1W2 structured codebooks for {[8], 12, 16} CSI-RS ports. In RAN1#82bis [1], it was further agreed that same number of ports should be used over all configurations in one aggregation. Besides, CDM-4 multiplexing was considered for port grouping. In this contribution, we present our view on CSI-RS design for 8/12/16 Tx ports. 
2. Design principle

On the need to support 8 Tx ports in CSI reporting class A

In RAN1#82 the supported number of antenna ports for CSI reporting class A was agreed to be 12 and 16. The support of 8Tx ports in class A was not confirmed since 8Tx CSI-RS is already supported in legacy Rel-12. Note that CSI reporting class A is meant for Rel-13 FD-MIMO operation. Therefore duplicating the standard support for 8Tx ports in class A CSI reporting should be avoided, especially if there are no other Rel-13 enhancements associated with it. From the design simplicity point of view, we propose not to support 8Tx CSI-RS for CSI reporting class A.

Proposal-1: Consider not supporting 8Tx CSI-RS in CSI reporting class A due to existing functionality in the current specifications.
On the CDM-4 grouping for CSI-RS configuration aggregations
In RAN1#82bis, the following working assumption on CSI-RS resource element mapping was agreed to circumvent the power boosting issue.
· 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

Alt. 1 suggests the use of 4 REs in 4 different OFDM symbols to form a CDM-4 group, whereas in Alt. 2 the grouping can be based on selecting REs in the aggregation in both time and frequency domains. However, the exact way to do CDM-4 grouping has not been defined yet.

In order to fully exploit the benefits of CDM-4, having flexibility in RE grouping is important, and thus eNodeBs would have more aggregation choices when dealing with CoMP or multiplexing legacy UEs with Rel-13 ones if the design of CDM-4 grouping is not rigid. Meanwhile, we do not want to have additional signaling overhead, otherwise the incurred changes to the specifications could be too much and unnecessary. With these factors in mind, a tradeoff could be:

1. Use a rule, which is simple enough, to specify the grouping. 

2. The rule could be: For a given CSI-RS resource aggregation, legacy OCC-2 RE pairs are re-ordered according to a sequence that numbers the RE pairs in the 40-RE CSI-RS region, and then the RE pairs are sequentially grouped together. For example, we can force the first and the second RE pairs (after re-ordering) to be organized together as one CDM-4 group, and so on.
3. The underlying sequence is pre-defined and agreed by eNodeBs and UEs, so there is no need for extra signaling bits.
This way of RE grouping also reduces the total number of possible groups because for a given CSI-RS resource aggregation there is only one resulted grouping, which is in alignment with the legacy OCC-2 CSI-RS design.
[image: image1.emf]13

20 18 14

15

16

9

10

11

12

19 17

5

6

7 3 1

8 4 2

[image: image2.emf]19

14 18 20

15

16

9

10

11

12

13 17

5

6

7 3 1

8 4 2

[image: image3.emf]5

6

17 7 1

18 8 2

9

10

11

12

19 13 3

20 14 4

15

16

To illustrate the procedure, we use the following exemplary sequences to do CDM-4 grouping and then collect the statistics on the distance of RE pairs in the resulted CDM-4 groups respectively for all possible 16-port aggregations.

    Figure 1a: Underlying Sequence A        Figure 1b: Underlying Sequence B       Figure 1c: Underlying Sequence C
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For the three exemplary sequences, we show the distance distributions in the following diagrams.
     Figure 2: Empirical CDF of max. distance between  RE pairs      Figure 3: Empirical CDF of distance between all RE pairs
Figure 2 shows the empirical distribution of the maximum distance between RE pairs in the resulted CDM-4 groups for the three sequences. Figure 3 shows the distribution of distance between all RE pairs. Here the concept of Manhattan distance is adopted for statistics. It is clear that for the most straightforward sequence (sequence C) a large portion of the resulted groups are not good for CDM-4 multiplexing, meanwhile sequence A and B can provide better results compared to C.

Proposal-2: Consider using the described rule for CDM-4 RE grouping.
3. Conclusion
In this contribution, we want to make the following proposals for the design of Class A CSI-RS.

Proposal-1: Consider not supporting 8Tx CSI-RS in CSI reporting class A due to existing functionality in the current specifications.
Proposal-2: Consider using the described rule for CDM-4 RE grouping.
References

[1] Draft Minutes Report, “Draft Report of 3GPP TSG RAN WG1 #82bis,” 3GPP, RAN1#82bis
