3GPP TSG-RAN WG1 #89                                                R1-1707370
Hangzhou, China, 15th – 19th May, 2017

Source: 	Intel Corporation
Title:	On RS for Time/Frequency Offset Tracking
Agenda item:	   7.1.2.4.6
Document for:	Discussion and Decision

1. Introduction
In the RAN1 NR #88 meeting, some agreements on RS for fine time/frequency offset tracking have been achieved as follows [1]:
Agreements:
· 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 RAN1 #88bis, below agreements on the RS for fine time/frequency tracking have been achieved. [2] [3] [4]
Agreements:
· Support a RS with X MHz bandwidth for time tracking, where X can be
· Alt 1: system bandwidth
· Alt 2: bandwidth part
· FFS configured or fixed 
· Alt 3: maximum UE bandwidth reported by UE capability
· Alt 4: PBCH bandwidth
· Other alternatives are not precluded
· FFS the number of values of X (e.g., whether or not as a function of frequency range)
· For time and frequency domain RE spacing of tracking RS, at least the following aspects are TBD in RAN1#89
· Subcarrier spacing according to frequency range
· Periodicities
· Frequency densities
· Timing of fine time/frequency tracking
· E.g. before SIB decoding, before PDCCH decoding, before PDSCH decoding, etc.
· The structure of the RS
· E.g. time density/burst
Agreements:
· The WF in R1-1706800 is agreed with the following updates:
· Slide 2 is updated to:
· The RS(s) for fine time and frequency (T/F-) tracking should consider
· Whether T and F tracking use independent RS(s) respectively, or same RS
· The number of antenna ports for the RS(s)
· Whether already existing RS(s) used for other purposes can be used also for T and/or F tracking
· Whether the RS(s) are periodic or aperiodic
· Whether RS bandwidth and/or periodicity  is configurable
· If it is configurable, the approach can be, e.g. by RRC, SIB , MIB,…
· Study the need of additionally scheduled to help UE from long CDRX wakeup
· Multi-beam operation
· The RS(s) can be used for delay spread estimation and Doppler spread estimation

· frequency offset= [0.1]ppm

The time/frequency offset may be different in different beams. Hence the RS for fine time/frequency offset tracking may take single-beam and multi-beam operation into account. In this contribution, we provide some discussion on the RS for fine time/frequency tracking for both single-beam and multi-beam system.
2. Discussion
2.1 Beamforming impact on time/frequency offset
[bookmark: _GoBack]Based on the channel model in [5], there can be multiple channel clusters observed between UE and gNB. Different channel clusters could have different directions and delay. As shown in Figure 1, different channel clusters can be captured by different beam pairs. Then as a result of different delay in different path, the time offset can be different in different beam pairs. Further, due to different AoA and ZoA in different channel clusters, different Doppler frequency offset may be observed in different beam pairs. Therefore the time/frequency offset could be different in different gNB-UE beam pairs. The RS for fine time/frequency offset tracking should take single-beam and multi-beam operation into account.


Figure 1: one example for multi-path propagation for multi-beam operation
Observation 1: the time/frequency offset could be different in different gNB-UE beam pairs.
Proposal 1: The RS for fine time/frequency offset tracking should take single-beam and multi-beam operation into account.
2.2 RS bandwidth for time/frequency offset tracking
The bandwidth for the RS for time/frequency offset tracking has been discussed since Rel-12. [6] At that time, RAN4 has provided a feedback to RAN1 with the following observations and conclusions:
· Observations 
· For system bandwidth up to 25 RBs, 
· full CRS bandwidth is required for time-frequency tracking performance with 5ms periodicity
· For the system bandwidth of 6 PRBs, there is no consensus whether robust time-frequency tracking performance can be guaranteed with full CRS bandwidth and 5 ms periodicity
· For system bandwidth larger than 25 RBs, 
· full CRS bandwidth is beneficial to improve time-frequency tracking performance and RRM measurement accuracy
· CRS bandwidth with 25 RB can satisfy the minimum RRM measurement requirement
· Conclusions:
· Full system bandwidth for the RS-port 0 improves time tracking, frequency tracking performances, and RRM measurements accuracy
· There is no consensus on whether bandwidths lower than full bandwidth of the RS-port is sufficient 
To improve the time/frequency tracking accuracy, full bandwidth is recommended by RAN4. Figure 2 illustrates the CDF of frequency offset tracking error and Figure 3 illustrates the CDF of delay spread estimation error based on some link level simulation results. The time domain channel estimation scheme is used and the RS is assumed to be transmitted in consecutive symbols. Detail simulation assumptions are illustrated in Appendix. It can be observed that with larger bandwidth the time/frequency offset tracking accuracy could be better. Therefore it is better that the RS for time/frequency offset tracking can be allocated to wider bandwidth, and no less than 25RB is recommended.
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Figure 2: CDF of frequency offset estimation error for 1x1 CDL-B 100ns
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Figure 3: CDF of delay spread estimation error for 1x1 CDL-B channel

Observation 2: better time/frequency offset tracking accuracy can be achieved with larger bandwidth RS.
Proposal 2: the RS with no less than 25RB is recommended to achieve better time/frequency tracking accuracy.
2.3 Time/frequency offset tracking for single-beam operation
To track the time offset, high densities in frequency domain could help to increase the accuracy. To track the frequency offset, the RS should be mapped to multiple time instance. The gap between each time instance could determine the capability of frequency offset tracking. 
Then one option is to use asymmetric densities for different symbol. For example, for the first symbol, there can be high densities in frequency domain, so that the time offset can be tracked by the first symbol, and in the second symbol, the density can be reduced. The frequency offset can be tracked by the RSs in the same frequency resources in both symbols. Another option can be the IFDMA structure. The time offset can be tracked by the whole symbol of IFDMA signal, and the frequency offset can be tracked by the channel in each repetition. Figure 4 illustrates one example for the signal structure for the both options.


Figure 4: signal structure for RS for fine time/frequency offset tracking in single-beam operation
Further, for single-beam operation, the channel delay spread may be large. Thus the channel may be frequency selective. The frequency offset may be different in different subband. Hence it is better to use a wideband RS for the UE to measure the time/frequency offset. 
Proposal 3: for single-beam operation, consider to use a RS with wider bandwidth for fine time/frequency offset tracking and the RS structure for asymmetric densities for multiple symbols and IFDMA can be taken into account.
2.4 Time/frequency offset tracking for multi-beam operation
For multi-beam operation, since the time/frequency offset can be different in different gNB-UE beam pairs. It can be better to use some beam sweeping signals for the UE to measure the time/frequency offset for multiple beam pairs. It has been agreed that the CSI-RS for beam management could support multiple sub-time units. Hence it is possible to estimate the frequency offset by measuring different sub-time units. The time offset for each beam pair can also be estimated by the measurement of one time/sub-time unit. Therefore to track the time/frequency offset for multi-beam operation, the CSI-RS for beam management should be taken into account.
Proposal 4: for multi-beam operation, the CSI-RS for beam management should be considered for fine time/frequency offset tracking.
3. Conclusion
In this contribution, we provide some discussion on the reference signal for fine time/frequency tracking, and the following observations and proposals have been achieved.
Observation 1: the time/frequency offset could be different in different gNB-UE beam pairs.
Observation 2: better time/frequency offset tracking accuracy can be achieved with larger bandwidth RS.
Proposal 1: The RS for fine time/frequency offset tracking should take single-beam and multi-beam operation into account.
Proposal 2: the RS with no less than 25RB is recommended to achieve better time/frequency tracking accuracy.
Proposal 3: for single-beam operation, consider to use a RS with wider bandwidth for fine time/frequency offset tracking and the RS structure for asymmetric densities for multiple symbols and IFDMA can be taken into account.
Proposal 4: for multi-beam operation, the CSI-RS for beam management should be considered for fine time/frequency offset tracking.
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Appendix
Table 1: Simulation Assumptions
	Parameters
	Values

	Subcarrier spacing
	120 KHz

	Number of symbols
	2

	Carrier Frequency
	30 GHz

	MIMO configuration
	1x1

	Channel Estimation Scheme
	DCT based time domain channel estimation

	SNR range
	-10:2:20 dB

	Channel Model
	CDL-B
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