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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 NR #90 meeting [1], the agreements regarding TRS for time and frequency were:
Working assumptions:
· 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: 
· 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:
· 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
· [bookmark: OLE_LINK1]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:
· 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 provide our inputs on the tracking signal design parameters and discuss the remaining issues of reference signal for fine time and frequency tracking.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TRS design parameters
In the last RAN1 meeting, the set of design parameters of TRS were agreed except for several remaining issues:
· Confirm the working assumptions X=2
· FFS X=1 or X=4
· TRS symbol location 
· 3 symbols in 1st slot + 1 symbol in 2nd slot or 2 symbols in 1st slot + 2 symbols in 2nd slot
· TRS bandwidth: bandwidth  of the BWP, ~24PRB, ~50PRB
· Y(the TRS burst periodicity in ms)
For the number of contiguous TRS slots, X=1 is able to perform frequency offset tracking, but cannot provide sufficient time intervals for Doppler estimation. Therefore, even concerns about scheduling restriction of two contiguous TRS slots were raised, X=2 shall be confirmed considering the sufficient Doppler estimation performance. In addition, for Doppler estimation, 2 symbols in 1st slot + 2 symbols in 2nd slot are preferred.
For TRS symbol location, it depends on RS multiplexing, considering candidate symbols for the CCH region, DMRS symbols and uplink ACK symbols, and the performance requirements by Doppler estimation, the TRS symbol intervals within a slot could be 3\4\5\6.
For TRS bandwidth, we don’t prefer the bandwidth of the BWP. Firstly, with certain bandwidth, such as 40 PRB, the TRS is able to provide sufficient timing and PDP estimation performance, so larger TRS bandwidth is not needed; secondly, the motivation of TRS for whole BWP is reusing the TRS information for PDSCH DMRS time domain channel estimation, but this is actually out of the scope of TRS functionality; finally, whole BWP would increase the UE implementation complexity because of variable TRS RE number with variable BWP. Considering the existence of small bandwidth of BWP, we propose TRS bandwidth as MIN(B PRB, bandwidth of the BWP). With respect to the values of B, 24 PRB and 50 PRB are not efficient from implementation point of view. For 24 PRB (72 RE), 128 FFT should be used, and for 50 PRB (150 RE), 256 FFT should be used, then more than 40% FFT sequence is inefficiently filled with NULL points, So we propose B=40 PRB with 120 RE using 128 FFT.
For the TRS burst periodicity in ms, considering the Doppler performance with HST scenarios and high carrier frequency band, at least 2.5ms for HST with 30kH estimation z SCS should be supported.
Based on above analysis, we propose the TRS parameters:
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 1: adopt the following TRS parameters
· X=2, with 2 TRS symbols in 1st slot and 2 TRS symbols in 2nd slot 
· St =3/4/5/6 depending on other RS location design
· B=min(40PRB, bandwidth of the BWP)
· Y={2.5ms, 5ms, 10ms, 20ms, 40ms, 80ms} configured by high layer signaling
QCL assumption between wide and narrow beams
In high frequency wireless communication, narrow beam providing high beamforming gain is usually employed at both transmitter and receiver sides. There could be many narrow beam directions. It will be a great resource overhead if TRS is sent in each beam direction. To reduce overhead, TRS is sent only in several wider beam directions. Then the question is: Can we have the QCL assumption in terms of average delay, frequency offset, delay spread and Doppler spread between wide and narrow beams? With wider beam, more paths could be observed and the average delay changes. But if the change is small compared to CP length, its impact on demodulation performance can be ignored. Frequency offset may be observed between narrow and wider beams if they point to different direction. The magnitude of frequency offset depends on the angle offset of the pointing directions and UE moving speed which could be significant in high mobility case. Frequency offset results in degradation of channel estimation and demodulation performance at high SNR. The degradation could be potentially mitigated through other RS, e.g. PTRS. The path delay spread and Doppler spread difference between narrow and wide beam could affect the channel estimation performance. QCL assumption between DMRS and TRS will be different depending on the conclusion of QCL assumption between narrow and wide beams. In case the same QCL assumption could be made between narrow and wide beams, Figure 1 shows the QCL assumption among the NR reference signals with wide TRS beam.
[image: ]
Figure 1 QCL assumptions with wide TRS beam

The DMRS for broadcast channel referring to the DMRS used for the demodulation of SIB, RRC signaling, paging and etc. before the TRS is configured. Figure 2 shows the QCL assumption among the NR reference signals with narrow TRS beam. Since data transmission may employ multiple narrow beams, multiple narrow TRS beams may be required for tracking. To support both of the scenarios, the configuration of TRS and its QCL association should be flexible.
[image: ]
Figure 2 QCL assumptions with narrow TRS beam

Proposal 2: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options
TRS pattern
With the proposed TRS design parameters as describe in previous section, we can form the TRS pattern. Figure 3 shows one example of the basic TRS pattern. Multiple TRS configuration to support multiple panel/point transmission could be easily generated by frequency shifting the basic pattern.
[image: ]
Figure 3 Basic TRS pattern example
If in case some of the parameters need to track separately or more density is required, e.g. for DRX, more basic patterns may be needed to define. When TRS collides with other signals or channels, rules should be specified to handle the collision and possible rate matching.
As an alternative way to form the pattern and configurations and to avoid design a complete new set of TRS and the associated collision rules, we could also form the TRS pattern by configuring multiple one-port existing CSI-RS as one set. The set of signal is regarded as the new one-port TRS serving one or more specific tracking functionalities. The new TRS may be assumed to be QCL to certain DMRS ports with certain respects for UE channel estimation and data demodulation, e.g. in terms of fine time, delay spread and Doppler spread. By the set of one-port CSI-RS, not only TRS density requirement can be flexibly configured and satisfied, we may also reuse all of CSI-RS design aspects, e.g. flexible periodicity, rate matching, colliding rules and multiple configurations. The only things need to be designed are: configuration rules, configuration signaling and QCL assumptions and its signaling. The design and implementation complexities could be greatly reduced.  Figure 4 shows forming TRS by the set of NR one-port non-CDM CSI-RS.
[image: ]
Figure 4 Example of forming TRS pattern by configuration of set of one-port CSI-RS
To facilitate beam management and time/frequency tracking, 3GPP NR likely to define one-port non-CDM CSI-RS. The number of RE per RB and per OFDM is greater than 1, e.g. 3 as in the figure. In this example, we configure TRS by the set consisting two one-port, non-CDM CSI-RS configurations: C2+C10. The configuration may follow certain rules, for example:
· The resulting TRS signal in one OFDM symbol are evenly spaced in frequency domain which should be naturally satisfied by the design of one-port, non-CDM CSI-RS. While if denser TRS in frequency is needed, we can aggregate more one-port, non-CDM CSI-RS configurations along the frequency domain as long as the evenly spaced condition still holds
· The adjacent OFDM symbols carrying TRS should satisfy certain distance rules
· TRS transmission bandwidth configuration is within certain range
· TRS transmission periodicity configuration is within certain range
· The configured TRS is assumed to be QCL with certain DMRS ports with respect to certain QCL parameters
If needed, multiple sets of TRS could be configured with different density or period to track different QCL parameters. Since CSI-RS could be aperiodically triggered, TRS configured in this way also inherent the feature which is very useful in DRX. 
Proposal 3: Considering forming TRS pattern with configuration of a set of one-port CSI-RS signal

Another open issue of TRS is “the relationship between SS burst, TRS, and DRX ON duration especially with longer DRX cycle”. Firstly, from implementation point of view, UE has to wake up before starting On duration data reception during long DRX cycle to acquire frequency offset estimation, because there might be a large frequency offset between two on durations, especially for HST SFN scenarios when UE just passing a transmission point with high velocity.  To save energy and not wake up too early, the signal for frequency offset estimation should align with DRX on duration; Then, both SS block and TRS can perform at least coarse frequency offset estimation for low MCS data reception; finally, only relying on SS block would introduce restriction to configure DRX ON duration, periodic TRS or even aperiodic TRS would bring more flexibility for DRX configuration. So, we propose:  
Proposal 4: The DRX on duration can follow the SS burst, periodic or aperiodic TRS depending on gNB configuration.
[bookmark: _GoBack]
[bookmark: _Ref129681832]Conclusion
In this contribution we provide our input on the setting of TRS design parameters. We also discuss the remaining issue of TRS design and provide our proposals. In summary we have the following proposals:
Proposal 1: adopt the following TRS parameters
· X=2, with 2 TRS symbols in 1st slot and 2 TRS symbols in 2nd slot 
· St =3/4/5/6 depending on other RS location design
· B=min(40PRB, bandwidth of the BWP)
· Y={2.5ms, 5ms, 10ms, 20ms, 40ms, 80ms} configured by high layer signaling
Proposal 2: Consider flexible TRS configuration and QCL association to support both wide and narrow TRS beam options
Proposal 3: Considering forming TRS pattern with configuration of a set of one-port CSI-RS signal
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: The DRX on duration can follow the SS burst, periodic or aperiodic TRS depending on gNB configuration.
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