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Discussion
1 Introduction
One agreement from the previous meeting is listed below,

· For an X-port CSI-RS resource, at least for X = 1, support density D >= 1 RE/port/PRB

· FFS: Support for D > 1 for other values of X

· Note: For X = 1, CDM code value(s) assumed to be 1 


We think that this is a good starting point for CSI-RS to support fine time and frequency tracking. Note that the PRB here may stand for the region of 14 symbols and 12 REs.
In this contribution, we further propose the CSI-RS location to facilitate time delay estimation frequency offset estimation, delay spread estimation and Doppler spread estimation.
2 Analysis
In our companion paper [1] submitted to TRS agenda item, we have analysed that, the symbol spacing of 3 for the reference signal for frequency offset estimation can effectively improve the SNR at the raw estimate and also provide sufficient frequency tracking range. The large frequency offset up to 2KHz may occur during the long DRX period such as 2.56 seconds according to our experience in LTE.
The symbol number of carrying CSI-RS in LTE is 6. In NR it can be condensed to 4 symbols. From current agreement, we call the two CSI-RS symbols being adjacent as a group. It is still not decided on if the two groups (total 4 symbols) are adjacent as well.
Our view is, the two groups should not be adjacent. It is expected to have third or fourth DMRS symbols for high speed condition. It is difficult to allocate the additional DMRS if 4 CSI-RS symbols are adjacent. Fig. 1 and 2 show the example that, when the two groups of CSI-RS are not adjacent, the additional DMRS can be allocated between the two groups.
Another advantage when the two groups are not adjacent is that, the accuracy of the frequency offset estimation can be improved. Let’s assume that the 4 CSI-RS symbols are at symbol x, x+1, y and y+1. It is seen that x=4 and y=7 in Fig. 1 and 2. The symbol spacing between symbol 4 and 7 is 3, then the average on the delay correlation to form the raw estimate has higher SNR than using the adjacent symbols.
So we prefer that the symbol spacing between the first symbol in two CSI-RS groups is 3. In this way, the frequency offset estimation accuracy can be improved.
Based on the above, we have,

Observation 1: Let’s call the two CSI-RS symbols being adjacent as a group. The additional DMRS can be allocated between two groups of CSI-RS when the two groups are not adjacent
Proposal 1: We prefer that the symbol spacing between the first symbol in two CSI-RS groups is 3
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  Fig. 1, example of CSI-RS and DMRS location           Fig. 2, example of CSI-RS and DMRS location
3 Conclusion
Based on the above, we have,

Observation 1: Let’s call the two CSI-RS symbols being adjacent as a group. The additional DMRS can be allocated between two groups of CSI-RS when the two groups are not adjacent

Proposal 1: We prefer that the symbol spacing between the first symbol in two CSI-RS groups is 3
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