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Discussion and Decision
1
Introduction
During the RAN1#88 we have agreed a long list of candidate RS which may be used for fine time frequency tracking as shown below.
	· The candidate reference signal for time and frequency tracking for study

· Demod RS for common control resource set or common control search space together with extension in time domain (if introduced)

· CSI-RS

· Consider the enhanced type in both time and frequency domain (if needed)

· Dedicated RS (if introduced)

· DMRS for PBCH (if introduced)

· MRS (if introduced)

· PT-RS

· PSS/SSS

· Note that it doesn’t mean that only one RS can serve tracking for time and frequency

· The RS design for time and frequency tracking should study

· Tracking range for the frequency error

· E.g. in LTE, CRS: +/-2KHz, DMRS: +/-1KHz, CSI-RS: +/-100Hz 

· Resolution for the timing error

· E.g. in LTE, PSS/SSS: 1us, 10MHz BW CRS: 0.1us

· Transmission timing e.g. burst period and off duration

· Transmission bandwidth, e.g. wideband, partial band

· The support of different sets of QCL parameters

· The support of Delay spread estimation and Doppler spread estimation

· The detailed signaling mechanism

· Prepare draft LS to RAN4 in R1-1703949 until Thursday – Hoondong (Samsung) for

· Check whether same level of time/frequency tracking accuracy, e.g. ±0.1 PPM, is enough or not regardless of wider range of NR carrier frequency

· Evaluation is encouraged

· PDSCH decoding performance including SIB under the realistic time/frequency tracking and compensation

· Performance when DRX in connected mode is configured 

· FFS, evaluation assumptions including channel model, modeling drift of local oscillator after DRX period

· Note: Channel model example is as follows

· Fixed value, for example 300Hz for frequency error and 1us for timing error

· Dynamic model

· CDL model with time varying AOA/ZOA for time varying Doppler shift

· For very high speed, consider RAN4 4-path HST model

· Self-defined model


In addition, an LS has been sent to RAN4 in order to clarify the NR assumption with respect to the level of time/frequency tracking accuracy, e.g. ±0.1 PPM of carrier frequency as in LTE.

In this contribution we elaborate further on the resource elements which should be used for interference measurement.
2
Discussion
Certainly RAN1 needs to receive an answer from RAN4 before conducting more indepth performance evaluation. Meanwhile, we perform an analysis on the pros/cons the candidate RS are exhibiting, attempting to sketch the characteristics the fTFT RS needs to follow. In the following we consider the RS in their “order of appearance” in the system.
PSS/SSS provide a basic system functionality and are always ON references. Certainly a gNB can be also turned off, but we do think this case is in the scope of the fTFT-RS design. PSS/SSS are the starting point for the fTFT use, one problem we might encounter is the periodicity of such signals. If large periodicities like 40ms, 80 ms are going to be adopted in initial access, then PSS/SSS are unlikely to be able to provide quality fTFT measurements.

DMRS of PBCH (if introduced) is very likely to have a similar periodicity as the PSS/SSS. Such RS can be used independently, or if periodicity is tagged to the PSS/SSS, can be used in addition to the sync signals. The same problem will occur unfortunately when high periodicity is used.

Observation: PSS/SSS and DMRS of PBCH maybe be jointly used for fTFT, however they may be configured with same periodicity.
MRS is a basic component of mobility and beam identification in above 6GHz. The MRS periodicity is likely to be decoupled from the PSS/SSS/PBCH and hence may solve the time periodicity issues mentioned above. In addition, if MRS are going to be used for beam identification, these are the first signals the UE is encountering when discovering beams. Pending the exact design when it comes to frequency density, the MRS seem like a very good candidate for fTFT. In addition, for beam identification it is likely only one (maximum 2 ports) RS are going to be used. MRS is also having a cell specific characteristics, something the fTFT would likely exploit. 

Observation: MRS seems a promising candidate for fTFT, being characterised by: configurable time periodicity which may be higher than PSS/SSS, low amount of ports (1 or maximum 2), cell specific configurability.

Demodulation RS for common control are one potential RS with some always ON characteristics. A common search space is envisioned at the beginning of every slot, however in slot aggregation such demodulation RS might not be present. In terms of time density it seems DMRS for control demodulation are having a higher periodicity than MRS. A similar amount of ports (maximum 2) as MRS might be used though. The are also cell (or at least UE group) specific, similar to DMRS.
Observation: Demodulation RS of control might provide higher time density as MRS, however in slot aggregation they are not present. 
CSI-RS is yet another choice, however the CSI-RS is having quite advanced scope for the needs of fTFT. We note that the MRS is likely a particular configuration of CSI-RS, hence one might need to consider more frequency configured MRS.
PT-RS has some interesting pros and cons. This is because PT-RS are needed in high carriers, hence they need to be complemented by another type of RS in below 6GHz. One can envision the configurability of less time frequency PT-RS in below 6GHz, for example if in above 6GHz the PT-RS is transmitted in evey subcarrier, in below 6GHz the PT-RS may be transmitted once per slot. Such PT-RS would create indeed a sparse time-frequency map of RS which may be used for fTFT. However one major problem is the UE specific nature of PT-RS. And certainly the UE needs for fTFT are also when data is not allocated for reception.

Observation: PT-RS seems a friendly configuration in terms of time/frequency/port footprint, however the Ue specific nature make it less attractive. 

A new type of RS: looking at the above discussion we can crystalize the characteristics of the fTFT RS:
· it needs to have a low footprint in number of REs used in time/frequency/port, yet enough to provide quality fTFT.

· One port RS should be targeted. 

· The cell arrangement needs to be done in such a way that fTFT-RS is creating interference from other cells, in particular the fTFT-RS needs to be able to scale according to the traffic in the cell. 

· Needs to be cell specific RS

· Needs to be possible to turn it OFF, even that in such situation it is unclear the UE behaviour which likely needs ot be complemented by other RS.
· The operation in above 6GHz likely involves sweeping strategy as all beams are likely to be “in track mode”

3
Conclusions
In this contribution we have provided views with respect to the fTFT characteristics. The following observations and design guidelines are concluded:
Observation: PSS/SSS and DMRS of PBCH maybe be jointly used for fTFT, however they may be configured with same periodicity.
Observation: MRS seems a promising candidate for fTFT, being characterised by: configurable time periodicity which may be higher than PSS/SSS, low amount of ports (1 or maximum 2), cell specific configurability.

Observation: Demodulation RS of control might provide higher time density as MRS, however in slot aggregation they are not present. 
Observation: PT-RS seems a friendly configuration in terms of time/frequency/port footprint, however the Ue specific nature make it less attractive. 

fTFT-RS design guidelines:
· it needs to have a low footprint in number of REs used in time/frequency/port, yet enough to provide quality fTFT.

· One port RS should be targeted. 

· The cell arrangement needs to be done in such a way that fTFT-RS is creating interference from other cells, in particular the fTFT-RS needs to be able to scale according to the traffic in the cell. 

· Needs to be cell specific RS

· Needs to be possible to turn it OFF, even that in such situation it is unclear the UE behaviour which likely needs ot be complemented by other RS.

· The operation in above 6GHz likely involves sweeping strategy as all beams are likely to be “in track mode”
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