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Introduction
At RAN1#90bis meeting [1], the following agreements were made for TRS:
Agreement
Following TRS BWs are supported in NR
min(BWP, ~50RBs)
FFS: BWP
UE is not expected to receive TRS outside the BWP
TRS RB position is configured by gNB

Agreement:
TRS can be configured on a carrier or on an active BWP when SS block is not present

Agreement
· For N=2+2, X=2, TRS symbols have the same symbol positions in the two consecutive slots
· DMRS and TRS are at least TDMed from UE perspective
· One of the following symbol positions per slot can be configured by RRC, 
· Option 1: symbol 4 and 8 (symbol index starts from 0)
· Option 2: symbol 5 and 9
· Option 3: symbol 6 and 10
· Note 1: Potential down selection can be done until next meeting. It is not limited to select only one option
· Note 2: RRC signaling to configure TRS as above can be related to the existing RRC signaling for DMRS, CSI-RS, etc.
· Note 3: It is not precluded to have additional options

Agreement:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y
· FFS on one or multiple resources
· Note: TRS is also supported in above-6GHz
· FFS on the parameters X, N, St
· FFS: TRS periodicity
· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported
· For RAN4 information, 10ms is introduced for high speed train scenario
· Note: It is up to the editor to capture the periodicity in units of slots
· TRS BW can be equal to BW of BWP
· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 
· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts
· Sf=4
· FFS: Additional Sf values 
· for below 6GHz
· FFS on X=1
In this contribution, we discuss some of remaining open issues, mainly aperiodic TRS with DRX and TRS pattern for above-6GHz. 
Aperiodic TRS with DRX
So far discussion has been focusing on the mode without DRX. It is important to consider DRX case both for Idle and Connected mode since typically UE is operating with DRX for both Idle and Connected mode. The TRS transmission occasion relative to the DRX cycle needs to be carefully considered. If no special restriction is applied, TRS may be transmitted during DRX off state where UE is not required to wake up, in other words, TRS may not be aligned with Connected-DRX (CDRX) on-duration or SSB may not be aligned with paging occasion in Idle-DRX (IDRX). Considering the overhead, it is beneficial to have shared TRS (or even cell-specific (beam-specific) TRS) instead of UE-specific TRS from network perspective. In order to multiplex many UEs with CDRX or IDRX, DRX cycles may not be aligned for all the UEs in the cell. It can be tricky to align the TRS with CDRX on-duration or IDRX paging occasion for all the UEs to maximize the capacity. If UE is required to monitor TRS outside CDRX on-duration in connected mode or to monitor SSB outside paging occasion in Idle mode as illustrated in Figure 1, it is apparent that there will be significant additional power consumption. 

 
(a) Paging in Idle mode


(b) CDRX monitoring
Figure 1: SSB-based tracking in Idle and TRS-based tracking in Connected
For Idle mode, if UE needs to wake up once more before every paging occasion, Idle mode power consumption will roughly be doubled which affects UE stand-by time significantly. Similarly UE power consumption in CDRX will increase accordingly which defeats the purpose of CDRX feature. Therefore, we consider aperiodic TRS before IDRX cycles to have similar Idle mode power consumption, and CDRX cycles for fast and spectrally efficient data transmission when the grant will be issued for that CDRX cycle. Otherwise, UE performance in the beginning of CDRX may be compromised. Furthermore, for the case of mmW, when beam changes occur during CDRX or IDRX off duration, it is required to re-sync the beam before any data transmission. It should be noted that the beam change event cannot be guaranteed to be aligned with DRX cycle. Therefore, the following is proposed.
Proposal 1: Support aperiodic TRS before CDRX on-duration. The offset between aperiodic TRS and CDRX on-duration is UE specifically configured.
Once aperiodic TRS is transmitted just before CDRX on-duration, there is no need to keep periodic TRS during CDRX off. Therefore, NW can also achieve power saving and reduce the overhead. UE can assume that NW transmits periodic TRS only during Active Time in CDRX. It should be also noted that NW may not need to transmit aperiodic TRS for every CDRX cycle. NW can transmit TRS only for the CDRX cycle when UE is expected to receive the grant. In overall, significant overhead reduction can be achieved with this proposal since TRS becomes on-demand with CDRX. CDRX operation with aperiodic and periodic TRS is illustrated in Figure 2.
Proposal 2: UE assumes periodic TRS may not be transmitted during CDRX off state.
Proposal 3: UE assumes aperiodic TRS is transmitted before CDRX on-duration only when UE is expected to be scheduled.


Figure 2: CDRX with Aperiodic/Periodic TRS

Similar to CDRX, aperiodic TRS is also proposed for Idle mode.
Proposal 4: Support aperiodic TRS before IDRX paging occasion.
Proposal 5: UE assumes aperiodic TRS is transmitted before Idle paging occasion only when UE is expected to be paged.
One issue is how to rate match around the aperiodic TRS for the scheduled UEs when aperiodic TRS is transmitted. There can be different options but we can adopt the same method as in aperiodic CSI-RS indication for rate matching purpose. In other words, DCI containing DL grant can indicate the presence of aperiodic TRS for the scheduled UE.
Proposal 6: When aperiodic TRS is transmitted, the DCI containing a DL grant indicates the presence of aperiodic TRS for the scheduled UE.
TRS Patterns for Above-6 GHz
In RAN1 #90bis, it was agreed that TRS is also supported in above-6GHz. The details of the TRS pattern in above-6GHz are still open. However, we have gone through studying many different TRS patterns for below 6GHz, and believe that most of the arguments we had for below 6GHz should also hold for the TRS design for above-6GHz, although the channel models are quite different. It is also desirable to adopt the same TRS framework for below and above 6GHz for the sake of design commonality and unified UE implementation. Thus, in this section, we provide simulation results showing the relationship between TRS pattern and PDSCH demod performance in mmW. The details of the simulation setup are provided in the appendix.
In the set of simulations, we set the bandwidth of PDSCH to be 64RBs with 120kHz SCS. As for the TRS bandwidth, we try two different values: 20RBs and 64RBs. In particular, for 20RB TRS, power boosting by a factor of 3.2 (=64/20) is applied to each TRS REs, to keep the same overall transmit power level. It is assumed that a single PRG is applied for PDSCH and a wide-band DMRS channel estimation is used. A single TRS burst (i.e., no filtering across TRS bursts), which comes before the PDSCH, provides PDP and Doppler estimates to the DMRS-based channel estimation. Regarding the TRS pattern, we try to keep the same pattern as the one agreed for below 6GHz. See the TRS, DMRS, and PDSCH pattern in Figure 3.


Figure 3: Illustration of TRS pattern (X=2)
In Table 1 and Figure 4-Figure 6, we show the BLER performance for different combinations of TRS parameters. From the results, the following observation can be made.
Observation 1:
· In mid- and high-SNR ranges (>20dB), small TRS BW leads to a significant performance loss, especially when the channel is highly dispersive (e.g. CDL-B).
· In mid- and high-SNR ranges, X=2 provides up to 0.7dB gain over X=1.

[bookmark: _Ref498696332]Table 1. CINR (dB) achieving 10% BLER for MCS8
	Channel
	Genie
	64RB
	20RB

	
	
	X=1
	X=2
	X=1
	X=2

	CDL-B
	20.8
	24.0
	23.3
	
	

	CDL-C
	22.7
	24.0
	23.9
	26.2
	25.6

	CDL-E
	12.9
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[bookmark: _Ref498696357]Figure 4. PDSCH BLER performance in CDL-B
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[bookmark: _Ref498696360]Figure 5. PDSCH BLER performance in CDL-C
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[bookmark: _Ref498696362]Figure 6. PDSCH BLER performance in CDL-E

[bookmark: _GoBack]Bases on observations above, we have the following proposal.
Proposal 7: For above-6GHz, the following TRS parameters are proposed:
· N=2+2, X = 2, S_t = 4
· TRS periodicity: 10ms, 20ms, 40ms and 80ms

Similarly to below 6GHz, UE for above-6GHz can assume periodic TRS during its active time, and utilize it for channel parameter tracking. However, in mmW, the serving beams may change occasionally, and this may result in abrupt changes in channel parameters. Although the parameter changes can still be tracked by periodic TRS, it may not be sufficient because the timing of beam changes is not necessarily aligned with the periodic TRS. Therefore, in the situation that UE cannot expect a periodic TRS burst within a certain duration after a beam change, the performance may be significantly impacted. To resolve this issue, the following is proposed.
Proposal 8: Support aperiodic TRS after PDCCH/PDSCH beam changes.
TRS and DMRS Multiplexing
TRS pattern needs to be semi-static and should not vary dynamically. Therefore, we also propose the following.
[bookmark: _Hlk494744170]Proposal 9: Support semi-static and joint/implicit configuration of the TRS/DMRS pattern.
	Note: additional DMRS is still dynamic with respect to the end of PDSCH.
Conclusions 
This contribution has discussed some open issues in TRS. The following observation and proposals have been made:
Proposal 1: Support aperiodic TRS before CDRX on-duration. The offset between aperiodic TRS and CDRX on-duration is UE specifically configured.
Proposal 2: UE assumes periodic TRS may not be transmitted during CDRX off state.
Proposal 3: UE assumes aperiodic TRS is transmitted before CDRX on-duration only when UE is expected to be scheduled.
Proposal 4: Support aperiodic TRS before IDRX paging occasion. FFS details on TRS configuration for Idle.
Proposal 5: UE assumes aperiodic TRS is transmitted before Idle paging occasion only when UE is expected to be paged.
Proposal 6: When aperiodic TRS is transmitted, the DCI containing a DL grant indicates the presence of aperiodic TRS for the scheduled UE.
Proposal 7: For above-6GHz, the following TRS parameters are proposed:
· N=2+2, X = 2, S_t = 4
· TRS periodicity: 10ms, 20ms, 40ms and 80ms
Proposal 8: Support aperiodic TRS after PDCCH/PDSCH beam changes.
Proposal 9: Support semi-static and joint/implicit configuration of the TRS/DMRS pattern.
	Note: additional DMRS is still dynamic with respect to the end of PDSCH.

References
1. [bookmark: _Ref485383493]RAN WG1 #90bis Chairman’s notes. 

Appendix
Table 2. Simulation setup
	
	TRS

	NR system
	120kHz SCS, 1CC 100MHz

	Channel model
	· 28GHz, CDL A-E, 3km/h (Fd=78Hz)
· Delay spread (pre-BF): 300ns

	MIMO and array
	MIMO
	2x2 polarized MIMO, 2 layers, no precoding

	
	gNB
	gNB: 1 panel, 8Vx16H, element gain 8dB, HPBW=60°, orientation (0,0,0)

	
	UE
	UE: 2 panel, 2x2, element gain 5dB, HPBW=90, orientation (0,0,0) and (180,0,0)

	
	Beam forming
	Beam selection: DFT beam sweep with over sampling factor 2
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