3GPP TSG RAN WG1 Meeting #87   



        R1-1611810
Reno, USA 14th - 18th November 2016
Agenda item: 7.1.3.2
Source: LG Electronics
Title: Discussion on Phase Tracking RS for UL transmission
Document for: Discussion
______________________________________________________________________
1. Introduction
In RAN1 86bis, it was agreed to support reference signal for phase tracking for NR uplink as follows:
	Agreements:
· At least the following RSs are supported for NR downlink

· CSI-RS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement 

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: channel state information estimation and interference estimation

· FFS: beam management

· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for time/freq. tracking

· FFS whether new RS or RS for other functionalities can be used

· Reference signal for Radio link monitoring

· FFS whether new RS or RS for other functionalities can be used

· RS for RRM measurement

· FFS whether new RS or RS for other functionalities can be used

· At least the following RSs are supported for NR uplink

· SRS: Reference signal with main functionalities of CSI acquisition, beam management

· FFS: RRM measurement

· DM-RS: Reference signal with main functionalities of data and control demodulation

· FFS: beam management

· Reference signal for phase tracking

· FFS: Whether DM-RS extension can be applied or not

· FFS whether new RS or RS for other functionalities can be used

· FFS: Reference signal for RRM measurement

· FFS whether new RS or RS for other functionalities can be used.
Agreements:
· For CP-OFDM waveform, for the RS enabling phase tracking, the following should be studied:

· Time domain pattern

· Alt-1: Continuous mapping, i.e., on every OFDM symbol

· Alt-2: Non-continuous mapping, e.g., every other OFDM symbol

· Switching between Alt-1 and Alt-2 can also be considered

· Frequency domain pattern

· Alt-A: Shared and across full carrier bandwidth with fixed density/spacing

· Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing

· Other patterns are not precluded

· Other properties

· UE-specific and/or non-UE-specific

· Port multiplexing such as FDM/TDM/CDM

· Potential sharing across users/streams

· On-off configuration



In this contribution, we discuss phase tracking RS for NR UL transmission through evaluation results on estimation and compensation of phase rotation due to phase noise and frequency offset. 
2. Evaluation Results

In this section, Table 1 shows simulation setup, and all simulation results follow that unless otherwise stated. Also, the PTRS is uniformly distributed in given PRBs. In addition, for different PTRS numbers to have the same code rate, information size is regulated. Furthermore, CFO (Carrier Frequency Offset) is randomly selected from [-3kHz, 3kHz] for each subframe.
Table 1. Simulation setup

	PN Model
	PN model 2 in [1]
	CFO
	[-3kHz, 3kHz]

	Carrier Frequency
	30 GHz
	# of Physical RBs
	4/32

	Subcarrier Spacing
	60kHz
	# of System RBs
	100

	Channel
	CDL-C(30ns, 3km/h)
	Modulation &  Code Rate
	QPSK(1/2), 16QAM(3/4), 64QAM(5/6)

	Channel Estimation
	Ideal
	CPE Estimation
	Real


In what follows, we adopt the following PTRS patterns illustrated in Figure 1. Here, patterns #1, #2 and #3 have time period of 1, 2, and 4, respectively. Also, # of PTRS in the frequency domain is equal to 4, unless otherwise stated. It should be noted that ‘SNR’ includes analog beamforming gain in the following figures.
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Figure 1 PTRS patterns
· Evaluation results on phase noise and frequency offset for UL transmission
In this subsection, impact of phase noise and frequency offset on BLER performance is shown for NR UL transmission. Figure 2 illustrates how to apply phase noise and frequency offset to UL signal of UEs which are FDMed in OFDM symbols. In addition, each UE has independent phase noise and frequency offset. 
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Figure 2 UL signal transmission in the presence of phase noise and frequency offset
In Figure 3 and Figure 4, ‘single UE’ stands for that there is only one UE in OFDM symbols, while ‘multiple UEs’ represents that there are multiple UEs which are FDMed in OFDM symbols and there is no guard-band between UEs. Comparing ‘single UE’ with ‘multiple UEs’ indicates that ICI from adjacent different UEs has negligible impact on BLER performance regardless of MCS level and PRB sizes. Here, the ICI results from frequency offset and phase noise of the corresponding UE.  
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Figure 3 CFO impact on BLER performance with 4PRBs
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Figure 4 CFO impact on BLER performance with 32PRBs
Observation 1: The ICI from adjacent different UEs has negligible impact on BLER performance regardless of MCS level and PRB sizes where the ICI results from frequency offset and phase noise of the corresponding UE.
Figure 5 shows BLER performance comparison of DL and UL transmission based on CFO and CPE compensation using the same PTRS patterns described in Figure 1. Here, it should be noted that DL phase source is located in RX, while UL phase source is placed in TX, but we can observe that there is no difference on BLER performance between both cases.
Observation 2: There is no difference on BLER performance between both cases of phase source in RX and phase source in TX.
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Figure 5 BLER performance for DL and UL transmission
3. Conclusion
In this contribution, we discussed phase tracking RS for NR UL transmission. From the discussion, we observed and propose as follows:
Observation 1: The ICI from adjacent different UEs has negligible impact on BLER performance regardless of MCS level and PRB sizes where the ICI results from frequency offset and phase noise of the corresponding UE.
Observation 2: There is no difference on BLER performance between both cases of phase source in RX and phase source in TX.
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