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Introduction
In RAN1#90 meeting, TRS was discussed with following agreements [1]:
[bookmark: OLE_LINK1]Working assumption:
· At least X=2 is supported
· FFS on X= 1 and 4
· Check whether X=1 can provide sufficient Doppler spread estimation performance
· Total symbol number summed over X=2 slots is 4 (Consider further 2+2 and 3+1, support one or both (FFS)). 
· Consider further the positions, taking into account DMRS

Agreements#1:
· Consider further supporting the bandwidth of TRS to be configured up to the bandwidth of the BWP in addition to ~24, ~50 RBs, and make decision in next meeting
· Sf=4 
· Y>=160ms is not supported. Consider further down-selection on other values agreed in RAN1AdHoc2 
Agreements#2:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment
· Details FFS
· TRS can be QCLed with PDSCH DMRS, regarding at least delay spread, average delay, Doppler shift and Doppler spread. 
· Configuration / signalling details FFS
· Note: The QCL assumption may be implicit via QCL assumption with other RS
· FFS for other QCL parameters
· TRS sequence is based on PN generator
· Study whether TRS is needed in idle mode
· For example, paging, RMSI, RAR demodulation performance by considering without TRS for Doppler spread estimation
· Study whether TRS needs to be configured on a BWP/carrier without SS block
· Study the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle
· The slots with TRS can be immediately after SS burst before the starting point of DRX ON duration. The DRX ON timing is aligned with SS burst within a number of slots
· There is timing offset between TRS and SS burst. The DRX ON timing is aligned with SS burst, or with TRS within a number of slots 
· Configure aperiodic TRS before the starting point of DRX ON duration, so that DRX ON timing is independent of SS burst appearance 
· Other solutions are not precluded
Agreements#3:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz
· Before receiving the RRC configuration of TRS, FFS
In this contribution, we mainly focus on remaining details on TRS, and we provide our views. 
Discussion 
Based on previous agreements, TRS pattern in one symbol is the same as the current CSI-RS pattern with 1 port. Since one port CSI-RS with >1 density has been supported, it is straightforward to reuse one port CSI-RS pattern for TRS. In this case, one CSI-RS resource set including N CSI-RS resources with 1 port can be denoted as one TRS burst. The configuration parameters of CSI-RS for fine/time frequency tracking should be restricted based on candidates of CSI-RS pattern in the agreements. Specifically, the configuration of TRS can reuse the agreed configuration of CSI-RS for beam management in multi-beam scenarios. In this case, one CSI-RS resource set including four resources can be configured as one PTRS burst, wherein each resource is configured in one separate OFDM symbol, and those resources should be restricted within 2 adjacent slots. For time/frequency offset estimation, both Tx beam and Rx beam should be the same among those four resources. So we prefer to use CSI-RS for fine time/frequency channel tracking. 
Proposal 1: Use CSI-RS for fine time/frequency tracking.
In the working assumption of section 1, one TRS burst is proposed within 2 adjacent slots. Although 2 slots provide more robust performance for fine frequency tracking, it introduces scheduling restriction since 2 adjacent DL slots should be periodically configured for TRS transmission. In multi-beam scenarios, it will be difficult because even one UE may need multiple TRS which corresponds to different beams. Therefore, we propose to support both 1 slot and 2 slots for one TRS burst. 
Proposal 2: Support both 1 slot and 2 slots for one TRS burst, i.e. support both X=1 and X=2.
As described in Agreements#3 of section 1, TRS is necessary at least for sub-6 GHz. In one TRS burst, one port TRS should be repeated in 4 distributed symbols, and the same Tx beam and Rx beam should be used in those 4 symbols for time/frequency offset estimation. The same requirement is needed for above 6 GHz. In high frequency bands, the time density of PTRS may be high enough for frequency offset estimation. However, PTRS is only transmitted within the scheduled data resources, large bandwidth cannot be ensured. Moreover, the density of PTRS in the frequency domain is too small to guarantee the good estimation of time offset. Another candidate is CSI-RS for beam management as we mentioned above proposal 1. But both the Tx and Rx beam should be the same for configured CSI-RS resources. In another words, completely reusing existed CSI-RS frame work of BM cannot work for fine time/frequency tracking.. Therefore, we also support TRS (maybe still CSI-RS) for above 6 GHz. 
Proposal 3: Support TRS for above 6GHz.
In high frequency bands, 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 other RS including CSI-RS for mobility and channel tracking.  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.

[bookmark: _MON_1545561049]
Figure 1 Sharing the resources between CSI-RS for beam management and CSI-RS for mobility
Figure 2a illustrates the possible way to share resources between CSI-RS for beam management procedure P2 and TRS, wherein one port CSI-RS with Tx different beams on symbol #6,#7,#8,#9 is for Tx beam training, and CSI-RS on symbol #7, #11 is for fine time/frequency. In this case, both Tx beam and Rx beam are the same on the symbol #7 and #11. 
Figure 2b illustrates the possible way to share resources between CSI-RS for beam management procedure P3 and TRS, wherein one port CSI-RS with the same Tx beam on symbol #6,#7,#8,#9 is for Rx beam training, and CSI-RS on symbol #7, #11 is for fine time/frequency. In this case, both Tx beam and Rx beam should be the same on the symbol #7 and #11.
Based on above analysis, some CSI-RS resources can be used both for beam management and fine time/frequency tracking. 
[image: ] [image: ]
(2a) CSI-RS for P2                                                     (2b) CSI-RS for P3
[bookmark: _GoBack]Figure 2 RE mapping for CSI-RS and TRS

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.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 4: Strive for sharing RS resources for CSI-RS for beam management and other RSs including CSI-RS for mobility, TRS, and so on
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 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.  
Proposal 5: 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 both 1 slot and 2 slots for one TRS burst, i.e. support both X=1 and X=2.
Proposal 3: Support TRS for above 6GHz.
Proposal 4: Strive for sharing RS resources for CSI-RS for beam management and other RSs including CSI-RS for mobility, TRS, and so on.
Proposal 5: 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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