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Discussion
1 Introduction
The main design goal for CSI-RS is to deal with CSI acquisition, beam management and connected mode mobility. But It doesn’t preclude other functionalities.
In this contribution, we propose the CSI-RS design for potential extension to support fine time and frequency tracking.
2 Proposal
As mentioned in our companion paper [1], the RS suitable for Doppler spread estimation is a critical issue. Four RS symbols in a slot for Doppler spread estimation is the RS requirement from our side. If the reference signal can be used for Doppler spread estimation, it can be used also for frequency offset tracking. Furthermore, increasing the RS density in frequency domain and making it as a wideband signal can simultaneously support the time delay tracking and delay spread estimation.
We consider to locate the RS for fine time and frequency tracking at the CSI-RS symbols. The reason is, in NR downlink, DMRS and CSI-RS are definitely of highest priority. If the new RS is identified as needed, it may be subjected to the existing RS location. In LTE, it is an example that CSI-RS is subjected to the CRS location.
Let us consider N=2, where N means the adjacent OFDM symbols for CSI-RS. And totally there are 4 symbols for CSI-RS in a 14-symbol slot. Then CSI-RS are allocated at symbol x, x+1, y and y+1.
We don’t think y can be equal to x+2 when we consider the need to increase DMRS set (look) for high speed condition. But y should be close to x in order to avoid the channel characteristic misalignment when large number of ports is enabled. 
Fig. 1 shows the location of RS for fine time and frequency tracking. If it is defined as the revised CSI-RS, the RS marked as green in the figure are of the same port. The density of the RS is 8 RE/port/RB.
If we follow the terminology defined previously, where M denotes adjacent REs in frequency domain, N the adjacent REs in time domain and X the number of ports. For the case of NCP, the RS for fine time and frequency tracking is defined as
· X = 1: (M, N) = (1, 2)

· There are 4 pairs in one RB. Two pairs are at the same subcarriers and another two pairs are also at the same subcarriers which is different from the first two pairs

· The spacing of two pairs in frequency domain is 6 REs

For the case of ECP as also shown in Fig. 1, the staggered structure is considered so that the time tracking range can be extended up to +- 2NCP length.
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  Fig. 1, (same port) RS for fine time/frequency tracking which is located at CSI-RS symbols

3 Conclusion
Our proposals are,

Proposal 1: For the case of NCP, the RS for fine time and frequency tracking is defined as

· X = 1: (M, N) = (1, 2)

· There are 4 pairs in one RB. Two pairs are at the same subcarriers and another two pairs are also at the same subcarriers which is different from the first two pairs

· The spacing of two pairs in frequency domain is 6 REs

Proposal 2: For the case of ECP, the staggered structure is considered so that the time tracking range can be extended up to +- 2NCP length
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