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Introduction
In RAN1#89 meeting, RS for fine time/frequency tracking was discussed with following agreements [1]:
Agreements:
· [bookmark: OLE_LINK5]Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst
· Whether the term “TRS” appear in specifications is FFS
· RS(s) can be the existing ones, revision of the existing ones, or new ones
· The parameters for burst structure are at least
· X: the length of TRS burst in terms of number of slots
· Y: the TRS burst periodicity in terms of number of slots
· TRS supports a single port
· FFS: Other numbers of TRS ports, resources, etc
· TRS has an equal RE spacing in frequency domain within a TRS bandwidth
· FFS: Whether multiple values are supported
· Note that more than one equal RE spacing can be considered
· FFS on TRS configuration details
In this contribution, we mainly focus on RS discussion for fine time/frequency tracking, and we provide our views. 
Discussion 
In LTE, CRS is used for fine time/frequency tracking because CRS density in both time domain and frequency domain is enough.  In NR, always-on RS like LTE CRS should be avoided for forward compatibility. Then, RS for time/frequency tracking should be redesigned. 
As described in section 1, some candidate RSs are listed in the agreements, and we analyse these proposed RSs as follows 
· CSI-RS
Currently, quite flexible CSI-RS pattern is discussed for beam management and CSI acquisition. Then, it is beneficial if the same CSI-RS framework can be used for fine time/frequency tracking.  In this case, time domain density and/or frequency domain density may be increased to meet different requirements. 
· RS for mobility (MRS)
Like periodic CSI-RS, cell specific MRS can also help UE for time/frequency tracking. Then we propose the same RS pattern for MRS and CSI-RS. Specifically, since CSI-RS has been agreed for CONNECTED mode RRM measurement for L3 mobility, resource sharing between CSI-RS for mobility and for beam management/CSI acquisition is straightforward. 
· DM-RS for broadcast channel
It is hard to ensure time domain density for DM-RS of broadcast channel. Especially for the multiple beam scenarios in high frequency domain, the periodicity of broadcast channel is long because of beam sweeping, the performance of frequency tracking will be degraded. 
· DM-RS for control channel
Similar to LTE, there will be common control channel and UE specific control channel in NR. If DM-RS of UE specific control channel is used for fine time/frequency tracking, some unnecessary transmission of control channel should be configured even gNB does not want to schedule the UE, it will impact scheduling. More reasonable way is to allow UE to get use of DMRS for control channel but not only rely on it. Even DM-RS of common control channel is only transmitted when it is needed, if DM-RS of control channel is used for time/frequency tracking, the overhead of control channel will be increased; normal data transmission will be further impacted.  Although it is not desirable to always use DMRS for control channel as time/frequency tracking RS, it may be possible to allow sharing partial resource between DMRS for common control channel and time/frequency tracking RS by configuration.
·  DMRS for data channel, PTRS 
Similar to DM-RS of control channel, both frequency bandwidth and time domain density of DMRS of data channel and PTRS is not always enough. 
· Other dedicated RS
Compared to reusing the above RSs, introducing dedicated RS will make standard more complex and will slow down 3GPP progress. 
Based on aforementioned analysis, we prefer to use CSI-RS for fine time/frequency channel tracking. 
Proposal 1: Use CSI-RS for fine time/frequency tracking.
If CSI-RS is used for fine time/frequency tracking, it is better to keep unified CSI-RS structure. As same with CSI-RS for other purpose, e.g. for beam management or CSI acquisition, at least UE specific configuration should be supported for fine time/frequency tracking. Since different UE may have different channel conditions which lead to different requirements of CSI-RS density and bandwidth for time/frequency tracking, most flexibility can be achieved by UE specific configuration. Moreover, fixed or cell specific configuration of CSI-RS can be done based on gNB’s implementation. Therefore, for the X MHz bandwidth of RS for time tracking, X should be configurable. 
Proposal 2: Support configurable bandwidth for RS for time/frequency tracking.
As described in secion  1, TRS structure includes burst structure and TRS structure inside a burst. In our view, the length of one TRS burst should be one slot for simplicity. In one burst, at least two symbols should be configured in order to ensure robust of frequency tracking. Furthermore, TRS  periodicity, timing offset frequency density should be configurable in order to achieve most flexibility. In other words, we propose X=1 and configurable Y for TRS burst. Considering the requirement for fine tracking, frequency density > 1 should be supported. 
Proposal 3: Support 1 slot length and configurable periodicities, timing offset, frequency densities  for TRS burst.
Although configurable parameters can introduce flexibility, the benefit of configurable subcarrier spacing is not clear. Since the motivation for time/frequency tracking is different with that of beam management, the RS density should be guaranteed for time/frequency tracking. Therefore, we propose to use same subcarrier spacing with data transmission unless some other advantages are fixed. 
Proposal 4: For RS for time/frequency tracking, support same subcarrier spacing with data transmission.
Beam sweeping is required for different types of reference signal.  It is wasteful if these beam sweeping RSs cannot share with each other as it consumes a lot of overhead to cover the whole space.  Therefore, we should strive for possible sharing between CSI-RS for beam management and CSI-RS for mobility.  For example, CSI-RS for beam management and CSI-RS for mobility can share the same basic pattern such as single port CSI-RS.  Density of these measurement RS and related reports can be configured differently to suit different purposes e.g. mobility measurement, channel tracking, CSI measurement, beam management. Another consideration is whether these measurement RS is cell specifically configured or UE-specifically configured.   In our views, we should at least have an option to configure all of these measurement RS in UE specific manner.  Cell specific configuration should be supported for CSI-RS for L3 mobility. 
Figure 1 illustrates the possible way to share resources between CSI-RS for beam management and CSI-RS for mobility.  For L3 mobility, cell specific configuration may not have beam level information.  The first part of CSI-RS with cell ID as a sequence can be shared with mobility RS.  The second part of CSI-RS with beam ID/virtual cell ID as another part of sequence can be used for beam-level measurement for beam management.


Figure 1 Sharing the resources between CSI-RS for beam management and CSI-RS for mobility
Another possible resource sharing is between DMRS and CSI-RS.  DMRS used for data demodulation can be used as CSI-RS for CSI measurement or beam management e.g. multi-shot DMRS for receive beam refinement [2].
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 5: Strive for sharing RS resources for CSI-RS for beam management and CSI-RS for mobility with different configuration on the RS density.
For any periodic or semi-persistent RS including CSI-RS for channel tracking, if some urgent traffic e.g. URLLC traffic pre-empt and puncture the transmission of CSI-RS, the measurement would be corrupted. This is a critical issue for periodic and semi-persistent CSI-RS in NR, for which CSI-RS resource is reserved through RRC.   In such case, disabling signaling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
Proposal 6: Disabling signalling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we analyse RS for fine frequency/time tracking and provide the following proposals:
Proposal 1: Use CSI-RS for fine time/frequency tracking.
Proposal 2: Support configurable bandwidth for RS for time/frequency tracking.
Proposal 3: Support 1 slot length and configurable periodicities, timing offset, frequency densities  for TRS burst.
Proposal 4: For RS for time/frequency tracking, support same subcarrier spacing with data transmission.
Proposal 5: Strive for sharing RS resources for CSI-RS for beam management and CSI-RS for mobility with different configuration on the RS density.
Proposal 6: Disabling signalling can be sent to affected UEs either before or after CSI-RS instant to disable the transmission of CSI-RS and possibly trigger the transmission of CSI-RS in other instant to compensate the measurement.  Measurement is then adjusted accordingly before reporting.  
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