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1. Introduction
In the previous meeting, following agreements and working assumptions were made with respect to TRS and CSI-RS. This contribution is re-submission of R1-1715868.
	Working assumption:

· For beam management CSI-RS, NR supports higher layer configuration of a set of single-symbol CSI-RS resources where

· The set configuration contains an information element (IE) indicating whether repetition is “on/off”

· Note: In this context, repetition “on/off” means:

· “On”: The UE may assume that the gNB maintains a fixed Tx beam

· “Off”: The UE cannot assume that the gNB maintains a fixed Tx beam

· Note: This does NOT necessarily mean that the CSI-RS resources in a set occupy adjacent symbols
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:

· 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

· 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.
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


2. Discussion on fine time/frequency tracking 
In this section, we discuss the frequency offset estimation performance of PBCH within NR SS block. We also discuss a TRS design based on CSI-RS resources for beam management. 
· Fine frequency offset tracking using PBCH within NR SS block
In the previous meeting, it was agreed to study whether TRS is needed in idle mode. This is because paging, RMSI and RAR demodulation performance is affected by residual frequency offset resulting from fine frequency tracking using SS block(s). In this subsection, we provide evaluation results on fine frequency offset tracking based on PBCH DMRS and/or data within NR SS block, plotted in Figure 1. 
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Figure 1 PBCH within NR SS block
Table 1. Simulation setup
	Carrier Frequency
	2 GHz
	CFO 
	1.5kHz

	Subcarrier Spacing
	15kHz
	# of Physical RBs
	24

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


Table 1 shows simulation setup in the following evaluation results. Figure 2 shows CDF curves of CFO estimator at SNR=-6dB based on PBCH DMRS only. On the other hand, Figure 3 displays CDF curves of CFO estimator based on PBCH data as well as PBCH DMRS. Since fine T/F tracking can be done after MIB demodulation, it is possible to use MIB to re-generate PBCH data for improving tracking performance, which is purely an implementation issue.
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Figure 2 CDF of CFO estimator with 1, 5, 10-occasions of SS block(s) using PBCH DMRS only
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Figure 3 CDF of CFO estimator with 1, 2-occasions of SS block(s) using PBCH DMRS and data
Based on CDF curves from Figure 2 and Figure 3, Table 2 and Table 3 summarize residual CFO range at given probability. From Table 2, we can see that it provides residual CFO smaller than 200Hz at 95% probability through gathering 5 SS block occasions. Also, Table 3 shows that one and two SS block occasions can achieve residual CFO smaller than 200Hz at 90% and 95% probability, respectively. The results in [1] show that 200Hz (~0.1 ppm) CFO can be a reasonable requirement in order to keep benefits of front-loaded DM-RS for even low MCS. Accordingly, the required accuracy on residual CFO for PDSCH decoding can be achieved within one or two SS block occasions by using PBCH data in addition to PBCH DMRS.
Observation 1: Single SS block can provide sufficient accuracy for fine frequency offset estimation.
Proposal 1: For idle mode, TRS is not necessary to be defined for fine frequency tracking.
Table 2 Residual CFO Range at given probability

	
	1 occasion
	5 occasions
	10 occasions

	90%
	-334Hz ~ 334Hz
	-130kHz ~130kHz
	-92Hz~92Hz

	95%
	-473Hz ~ 473Hz
	-179kHz~179kHz
	-123Hz ~123Hz


Table 3 Residual CFO Range at given probability

	
	1 occasion
	2 occasions

	90%
	-184Hz ~ 184Hz
	-110kHz ~110kHz

	95%
	-260Hz ~ 260Hz
	-157kHz~157kHz


· Configuration of TRS 
In the previous meeting, it was agreed that for a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz. Also, there was a working assumption that TRS occupies four OFDM symbols within two consecutive slots. Comparing TRS with CSI-RS, there exists a significant similarity of their designs except for the time density. CSI-RS resource with 1-port can be used for beam management and its frequency density can be larger than 1 RE/RB/port. Moreover, the 1-port case adopts no CDM. In the previous meeting, it was also agreed that a set of single-symbol CSI-RS resources can be configured by higher layer signalling which contains an information element (IE) indicating whether repetition is “on” or “off”.
Based on the same signalling mechanism as CSI-RS, TRS can also be configured. For example, TRS can be configured by configuring four 1-port CSI-RS resources, where all resources have identical periodicity and are at least to be QCLed (or repetition “on”). In addition, slot offset between all resources are zero or one. We may also consider introducing more strict association between the CSI-RS resources for UE to assume that they experience the same wireless channel (e.g. QCL with short-term channel property, identically of antenna ports). If we introduce this new tool for associating antenna ports, it can also be used to indicate the association between DMRS and PT-RS, which is an open issue so far. In this way, we can hugely reduce specification works such as all details of TRS patterns, configurations, collision handling, and interference handling. It can also provide some freedom to the network on the configuration of TRS by controlling each TRS symbol position within a constraint (if defined, e.g. minimum symbol gap) to avoid inter-TRP/beam interference.
Proposal 2: TRS is configured by a resource set comprised of four 1-port CSI-RS resources, where all resources have identical periodicity and have zero or one slot difference on the slot offset. 

· All the resources are at least to be QCLed (or repetition “on”).

· FFS on more strict association between the resources.

3. Conclusion
In this contribution, we discussed the frequency offset estimation performance of PBCH within NR SS block. We also discussed a TRS design based on CSI-RS resources for beam management. From the discussion, our observations and proposals are given as follows:
Observation 1: Single SS block can provide sufficient accuracy for fine frequency offset estimation.
Proposal 1: For idle mode, TRS is not necessary to be defined for fine frequency tracking.
Proposal 2: TRS is configured by a resource set comprised of four 1-port CSI-RS resources, where all resources have identical periodicity and have zero or one slot difference on the slot offset.

· All the resources are at least to be QCLed (or repetition “on”).

· FFS on more strict association between the resources.
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