3GPP TSG RAN WG1 Meeting NR Ad-Hoc #2                        R1- 1710299
Qingdao, P.R. China 27th – 30th June 2017
______________________________________________________________________
Agenda item: 5.1.2.4.6

Source: LG Electronics
Title: Discussion on fine time/frequency tracking of channel
Document for: Discussion and Decision ______________________________________________________________________
1. Introduction
In [1] and [2], the agreements on fine time/frequency tracking and NR-PBCH are as follows: 
	Agreements:
· Fine/time frequency tracking RS (TRS) structure may include burst structure and TRS structure inside a burst

· Whether the term “TRS” appear in specifications is FFS

· RS(s) can be the existing ones, revision of the existing ones, or new ones

· The parameters for burst structure are at least

· X: the length of TRS burst in terms of number of slots

· Y: the TRS burst periodicity in terms of number of slots

· TRS supports a single port

· FFS: Other numbers of TRS ports, resources, etc

· TRS has an equal RE spacing in frequency domain within a TRS bandwidth

· FFS: Whether multiple values are supported

· Note that more than one equal RE spacing can be considered

· FFS on TRS configuration details

Conclusions:

· All proponents are recommended to evaluate TRS until the next meeting

· Evaluation assumptions for TRS

· The parameters for TRS structure inside a burst are least

· Sf: TRS subcarrier spacing

· St: TRS symbol spacing within a slot

· N: Number of OFDM symbols per TRS within a slot

· B: TRS bandwidth in terms of number of RBs

· The different slots in a TRS burst may have different TRS parameters (N,B, Sf , St )  (FFS)

· FFS: TRS may have a repetition or staggered structure in time domain within a slot

· FFS: Whether symbol spacing is equal or non-equal within slot

· Note that pages 6 – 9 in R1-1706940 are candidate parameters for evaluations

· Note that other candidate parameters are not precluded.
Agreements: 

· For SS block composition, the following should be supported

· Confirm the working assumption that NR-PSS, NR-SSS and NR-PBCH are present in every SS block

· NR-PSS is mapped before NR-SSS.

· In case that number of PBCH symbols is two within a SS block,

· Option 1: The mapping order of SS blocks is PSS-SSS-PBCH-PBCH

· Option 2: The mapping order of SS blocks is PSS-PBCH-SSS-PBCH

· Option 3: The mapping order of SS blocks is PBCH- PSS-SSS-PBCH

· Option 4: The mapping order of SS blocks is PSS-PBCH-PBCH-SSS

· Down selection from above options should be done together with NR-PBCH design decision

Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs

· Note that frequency domain PC is precluded

· DMRS for NR-PBCH is mapped on every NR-PBCH symbol

· Note: frequency domain RE density for DMRS is FFS

· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH

· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)

· DMRS sequence depends on at least cell IDs

Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)

· PBCH phase reference: DMRS

· PBCH TTI: 80 msec
Agreements:
· Support additional DMRS symbols with same density in frequency domain compared to front loaded DMRS
· FFS: Necessity of reduced DMRS density in additional DMRS symbols


In the previous meeting, PBCH supports single antenna port, and precoder cycling in the frequency domain is precluded. In RAN1 #88bis, it was also agreed that BW of PBCH is equal to 288 subcarriers with 2 OFDM symbols. Furthermore, this signal is transmitted periodically and shared between UEs. Accordingly, we can consider that self-contained DMRS for PBCH demodulation can be used for fine time/frequency tracking.
2. Discussion on fine time tracking 
In this section, we discuss the feasibility of self-contained DMRS in PBCH from fine time tracking perspective. 
· Time offset resolution
Time offset resolution is determined by BW. Here, the resolution is lower as BW decreases. In RAN1 #88bis, it was also agreed that BW of PBCH is equal to 288 subcarriers with 2 OFDM symbols. For given subcarrier spacing 30kHz, therefore, its BW is equal to 8.64MHz (=30kHz X 288). In this case, time offset due to lower time resolution is at most -4 or 4 compared to 36MHz (total # of available subcarriers =1200). Accordingly, the resulting performance loss will be negligible. 
· Pull-in range of time offset and maximum resolvable delay spread 
RS density in frequency domain determines pull-in range of time offset and maximum resolvable delay spread. In LTE, time offset and delay spread are estimated through CRS whose frequency density is equal to 1/3 subcarriers. Figure 2 shows that self-contained DMRS in PBCH has a density of 1/3 subcarriers which is the same as CRS in LTE. Note that PBCH supports a single antenna port and precoder cycling in the time domain is precluded in RAN1#89 meeting. As a result, self-contained DMRS in PBCH provides sufficient BW and frequency density to estimate time offset and delay spread if interval between adjacent DMRSs is 3. 
Observation 1: Self-contained DMRS for PBCH can provide sufficient accuracy for fine time tracking if interval between adjacent DMRSs is 3 subcarriers.
3. Discussion on fine frequency tracking 
In this section, we discuss the feasibility of self-contained DMRS in PBCH from frequency offset estimation perspective. Also, we discuss the feasibility of front-loaded DMRS and additional DMRSs from Doppler spread estimation perspective.
· Spectral efficiency of PDSCH in the presence of residual CFO
In the followings, we show PDSCH decoding performance in terms of spectral efficiency according to different residual CFO values. Table 1 shows simulation setup for PDSCH decoding.
Table 1. Simulation setup
	Carrier Frequency
	2 GHz
	CFO 
	1.5kHz

	Subcarrier Spacing
	15kHz
	# of Physical RBs
	8

	Channel
	CDL-C(300ns, 3km/h)
	# of System RBs
	100

	Channel Estimation
	Ideal
	Modulation &  Code Rate
	QPSK(1/3)

	Max # of retransmissions
	4
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Figure 1 Spectral Efficiency
From Figure 1, it was observed that the performance loss in terms of spectral efficiency was negligibly small compared with no residual CFO case for residual CFO up to 100Hz. For residual CFO=200Hz, the spectral efficiency is noticeably degraded. From the simulation results, it can be concluded that CFO should be less than at least 200Hz (~0.1 ppm) in order to keep benefits of front-loaded DM-RS for even low MCS without any increase of resource overhead. 
· Fine frequency offset tracking using self-contained DMRS for PBCH
Based on the agreements on NR-PBCH in [1] and [2], we plot self-contained DMRS in PBCH as Figure 2. Note that frequency interval between adjacent DMRSs is FFS. Then, Figure 3 and Figure 4 show CDF curves of CFO estimator at SNR=-6dB based on the DMRS. More details on PBCH design can be found in our companion contribution [3]. Figure 3 and Figure 4 corresponds to fine frequency tracking with 10 and 50 occasions of PBCH, respectively, to improve the CFO estimation performance.  
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Figure 2 Three types of PBCH
Table 2 summarizes residual CFO range at given probability based on CDF curves from Figure 3 and Figure 4. Here, we observed that 3 symbol spacing provides residual CFO smaller than 100Hz at 95% probability through gathering 10 or 50 PBCH occasions, while 1 symbol spacing achieves the accuracy at 90% probability through gathering 50 PBCH occasions. In summary, if self-contained DMRS for PBCH, as plotted in Figure 2-(c), is employed, required accuracy on residual CFO for PDSCH decoding can be achieved within 10 PBCH occasions. 
Observation 2: Self-contained DMRS for PBCH can provide sufficient accuracy for fine frequency offset estimation.
Table 2 Residual CFO Range at given probability

	
	10 PBCHs
	50 PBCHs

	
	1 symbol spacing
	3 symbol spacing
	1 symbol spacing
	3 symbol spacing

	90%
	-190Hz ~ 190Hz
	-60Hz ~ 60Hz
	-80Hz ~ 80Hz
	-30Hz ~ 30Hz

	95%
	-240Hz ~ 240Hz
	-80Hz ~ 80Hz
	-105Hz ~ 105Hz
	-35Hz ~ 35Hz
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Figure 3 CDF of CFO estimator with 10-slots
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Figure 4 CDF of CFO estimator with 50-slots
· Maximum resolvable Doppler spread

In the previous meeting, it was agreed that additional DMRS symbols have the same density of front- loaded DMRS in the frequency domain. Also, [4] shows that additional DMRS should be transmitted at speed above 30km/h. Therefore, UE can estimate Doppler spread by using front-loaded DMRS and additional DMRS symbols. At that time, several PDSCHs may be needed for better estimation of Doppler spread, which is an UE implementation issue. Nevertheless, this approach can mitigate bulky RS designs for Doppler spread which may occupy multiple symbols within a slot.   

Observation 3: Doppler spread can be estimated by using front-loaded PDSCH DMRS and additional PDSCH DMRS.
From the above observations, we can see that self-contained DMRS in PBCH can be used for fine time/frequency tracking. It should be noted that its fine time/frequency tracking performance can be further enhanced by using multiplexed PSS and SSS. Accordingly, our proposal is given as follows:
Proposal 1: Self-contained DMRS in PBCH should be considered as a baseline RS for fine time/frequency tracking.
4. Conclusion
In this contribution, we discussed feasibility of self-contained DMRS for PBCH for fine time/frequency tracking. From the discussion, our observations and proposals are given as follows:
Observation 1: Self-contained DMRS for PBCH can provide sufficient accuracy for fine time tracking if interval between adjacent DMRSs is 3 subcarriers.
Observation 2: Self-contained DMRS for PBCH can provide sufficient accuracy for fine frequency offset estimation.
Observation 3: Doppler spread can be estimated by using front-loaded PDSCH DMRS and additional PDSCH DMRS.
Proposal 1: Self-contained DMRS in PBCH should be considered as a baseline RS for fine time/frequency tracking.
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