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Introduction
In this contribution, we discuss some of remaining open issues on TRS. 
DCI triggering TRS: A-TRS
Multiple use cases for aperiodic TRS (CSI-RS for tracking) have been identified and discussed in RAN1#91 [1]. This contribution provides details on how to signal aperiodic TRS triggering via DCI. Periodic TRS has been already agreed and introduced for robust data reception performance in NR to replace one of CRS functionality in LTE, which includes time and frequency tracking, Doppler and Delay spread estimation and power delay profile estimation. In contiguous operation in connected mode, periodic TRS can provide reference for good demodulation performance at UE. Unfortunately, there are many events in NR which may need more than periodic TRS. Aperiodic TRS is essential given we have many aperiodic events as well as some periodic events which may not be aligned with periodic TRS. Use cases for aperiodic TRS are summarized below.
· Aperiodic events
· SCell activation 
· Without aperiodic TRS, SCell activation can be delayed further up to TRS periodicity (max 80 ms on top of SCell activation procedure delay).
· For SCell activation, network can activate SCell followed by aperiodic TRS, aperiodic CSI-RS. After SCell activation, UE can perform tracking based on TRS and CSI estimation and reporting based on CSI-RS. Network would be able to start data transmission based on reported CSI.
· BWP switching
· Upon BWP switching especially including RF retuning, a new reference signals for tracking is desirable before starting proper data reception.
· Similar to SCell activation, BWP switching can exploit aperiodic TRS and aperiodic CSI-RS for faster link adaptation.
· Multi-beam change 
· Without aperiodic TRS, data reception can be delayed up to TRS periodicity in addition to other delays involved with beam change.
· Practically it is assumed that UE is not tracking TRS from multiple beams simultaneously
· With PDSCH beam change, proper data transmission can start after tracking and CSI reporting based on aperiodic TRS and aperiodic CSI-RS. 
· Periodic events
· Connected mode DRX 
· Without aperiodic TRS, it requires UE to wake up in the middle of CDRX off when periodic TRS is not aligned with CDRX on-duration, not desirable for CDRX feature from UE power saving perspective.
· Idle mode DRX 
· Without aperiodic TRS, it requires UE to wake up before paging occasion when SSB is not aligned with paging occasion, affecting standby time reduction roughly to 1/2.

Aperiodic TRS can be triggered via different options. For example, it can be triggered by DCI, MAC-CE or DRX reception event. In NR, SCell activation is done via MAC-CE, BWP switching is done via DCI, and beam change is done via MAC-CE (for PDCCH) and DCI (for PDSCH). Aperiodic TRS triggering can be tied to the existing triggers for SCell activation, BWP switching or beam switch. However, to have a unified framework for different use cases, it is proposed to consider aperiodic TRS triggering via DCI. It should be noted that this is also aligned with aperiodic CSI-RS triggering, which is already agreed for NR. In fact, TRS is also configured as CSI-RS resource set. Thus, it is natural to allow TRS triggering via DCI.
Proposal 1: NR Rel-15 supports at least UL DCI-based triggering of a CSI-RS resource set containing CSI-RS resources with TRS-INFO set to “ON”.
Proposal 2: A CSI-RS resource set for tracking can be associated with a reporting setting ReportConfig with the higher layer parameter ReportQuantity set to 'No Report’.
Proposal 3: A UE in RRC connected mode is expected to receive a periodic TRS.	Comment by Qualcomm: [Heechoon] Do we need this? Is this one step further after configuration? 
QCL relations of A-TRS
Proposal 4: A UE is only expected to be configured with an aperiodic CSI-RS resource set for tracking when it has been configured with a periodic CSI-RS resource set for tracking on a BWP such that:
· The aperiodic CSI-RS resource set for tracking is QCLed with the same source SSB as the associated periodic CSI-RS resource set for tracking with respect to QCL type C, or C + D (if applicable)
· The aperiodic CSI-RS resource set for tracking has a QCL Type A , or A + D (if applicable) association with the periodic CSI-RS resource set for tracking.
· Note: The UE does not expect to be configured with a TCI-State with aperiodic CSI-RS resource for tracking as the source RS for QCL association (similar to any there aperiodic CSI-RS resource).

Pattern of A-TRS
Proposal 5: The periodic and the associated aperiodic CSI-RS resource sets for tracking contain CSI-RS resources configured with the same time domain locations, burst length, bandwidth, comb-offset, Pc and Pc_SS values.
Number of tracking TRS & relation to PDCCH and PDSCH
It was agreed in UE features (R1-1803478) that 
· the “Max # of TRS resource sets (per CC) UE is able to track simultaneously” has candidate vales from the set {1 to 8}
· It was also agreed that the “number of active TCI states per CC” has a candidate value set: {1, 2, 4, 8}. 
· It was also agreed the basic capability is a “Single TCI state for a CORESET configuration”, and that a UE can monitor up to 3 coresets ( 2 CSS+1 UESS or 1 CSS+2 UESS ), with the basic UE capability being 1 CSS + 1 UESS.

It remains unclear what is the relation of a UE supporting: 
· X = {} active TCI states for PDSCH
· Y TRS resources to be tracked in a BWP
· Z = {} activated TCI states across all CORESETs

Proposal 6: A UE only expects that the distinct TCI states across the 	Comment by Qualcomm: [Heechoon] We do not address potentially different TCI state between unicast and broadcast?
· active TCI states for PDSCH, and
· activated TCI states across configured CORESETs 
are not more than the number of TRS resources the UE is capable of tracking in a BWP. 
· Note: If a UE reports it can track only Y=1 TRS resource in a BWP, then the same TCI state is used for PDSCH and all configured CORESETs.
[bookmark: _GoBack]Correction on 38.214
In section 5.1.6.1.2 (CSI-RS for L1-RSRP computation), the following sentence was added:
“A UE does not expect to be configured with a Reporting Setting, which is linked to a CSI-RS resource set for tracking, where the higher layer parameter MeasRestrictionConfig-time-channel for the Reporting Setting set to ‘ON’.”
However, this sentence should appear in Section 5.1.6.1.1 (CSI-RS for tracking).
Text Proposal 1: Move the following sentence from Section 5.1.6.1.2 to 5.1.6.1.1:
· “A UE does not expect to be configured with a Reporting Setting, which is linked to a CSI-RS resource set for tracking, where the higher layer parameter MeasRestrictionConfig-time-channel for the Reporting Setting set to ‘ON’.”
Conclusions 
This contribution has discussed some open issues in TRS. The following observation and proposals have been made:
Proposal 1: NR Rel-15 supports at least UL DCI-based triggering of a CSI-RS resource set containing CSI-RS resources with TRS-INFO set to “ON”.
Proposal 2: A CSI-RS resource set for tracking can be associated with a reporting setting ReportConfig with the higher layer parameter ReportQuantity set to 'No Report’.
Proposal 3: A UE in RRC connected mode is expected to receive a periodic TRS.
Proposal 4: A UE is only expected to be configured with an aperiodic CSI-RS resource set for tracking when it has been configured with a periodic CSI-RS resource set for tracking on a BWP such that:
· The aperiodic CSI-RS resource set for tracking is QCLed with the same source SSB as the associated periodic CSI-RS resource set for tracking with respect to QCL type C, or C + D (if applicable)
· The aperiodic CSI-RS resource set for tracking has a QCL Type A , or A + D (if applicable) association with the periodic CSI-RS resource set for tracking.
· Note: The UE does not expect to be configured with a TCI-State with aperiodic CSI-RS resource for tracking as the source RS for QCL association (similar to any there aperiodic CSI-RS resource).

Proposal 5: The periodic and the associated aperiodic CSI-RS resource sets for tracking contain CSI-RS resources configured with the same time domain locations, burst length, bandwidth, comb-offset, Pc and Pc_SS values.

Proposal 6: A UE only expects that the distinct TCI states across the 
· active TCI states for PDSCH, and
· activated TCI states across configured CORESETs 
are not more than the number of TRS resources the UE is capable of tracking in a BWP. 
· Note: If a UE reports it can track only Y=1 TRS resource in a BWP, then the same TCI state is used for PDSCH and all configured CORESETs.

Text Proposal 1: Move the following sentence from Section 5.1.6.1.2 to 5.1.6.1.1:
· “A UE does not expect to be configured with a Reporting Setting, which is linked to a CSI-RS resource set for tracking, where the higher layer parameter MeasRestrictionConfig-time-channel for the Reporting Setting set to ‘ON’.”
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