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Introduction
In this contribution, we discuss some of remaining open issues on TRS.
DCI triggering aperiodic 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 supports aperiodic TRS (CSI-RS for tracking) triggering via DCI.
Currently aperiodic CSI-RS can be triggered only by UL DCI. Given that aperiodic TRS does not involve UL transmission by nature, it is proposed to support aperiodic TRS triggering via both DL DCI and UL DCI. UL DCI still can be used for triggering aperiodic TRS when network transmits UL DCI.
· For UL DCI, the existing CSI request field can be used to indicate aperiodic TRS.
· For DL DCI, existing fields can be repurposed to indicate triggering of aperiodic TRS with issuing zero RA grant (0 RB assignment with RA type 0) or invalid grant in the frequency domain RA field (all ones with RA type 1)

Proposal 2: Aperiodic TRS triggering is supported for both DL DCI and UL DCI as shown above.
Common parameters for CSI-RS resources in a set
The following text has been added in 28.214 (Section 5.1.6.1.2) regarding TRS:
	Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:



-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or 

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2

-	the bandwidth of the CSI-RS resource is minimum of 50 or  resource blocks 
-	the periodicity is one of 10, 20, 40, or 80 ms



This text does not follow the agreements on the BW and RS pattern:
· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y 
· 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 
Another agreement that was not captured is the note 2 in this:
Agreement:
· The following TRS symbol positions are supported
· Symbol 4 and 8
· Symbol 5 and 9
· Symbol 6 and 10
· Note 1: The symbol index starts from 0
· Note 2: TRS in each slot of a TRS burst has the same symbol position

Therefore we make the following text proposal.
Proposal 3: Clarify the text on CSI-RS for tracking as follows:
	Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:



-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or . When four CSI-RS resources are configured across two consecutive slots, then the two CSI-RS resources in each slot have the same location.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2, with the same frequency offset across all resources.
-	Same Pc and Pc_SS value across all resources.
· the bandwidth of CSI-RS resource can be configured to be
· 
Equal to the minimum of 50 or , 
· 

Equal to , if > 50 PRBs and the periodicity is larger than 10 msec.
-	the periodicity is one of 10, 20, 40, or 80 ms


RRC configuration in connected mode
The following agreement has been made regarding the UE’s expectation on TRS when it is in connected mode. It should be added in the 214 specification. Note that TRS has been agreed for both sub6 and mmW, and there fore it is natural to extend this for both cases.

Agreements:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz 

Proposal 4: The following should be added in the 214 specification:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS.
Conclusions 
This contribution has discussed some open issues in TRS. The following observation and proposals have been made:
Proposal 1: NR supports aperiodic TRS (CSI-RS for tracking) triggering via DCI.
Proposal 2: Aperiodic TRS triggering is supported for both DL DCI and UL DCI as shown above.
Proposal 3: Clarify the text on CSI-RS for tracking as follows:
	Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter CSI-RS-ResourceMapping with the following restrictions:



-	the time-domain locations of the two CSI-RS resources in a slot is given by one of , , or . When four CSI-RS resources are configured across two consecutive slots, then the two CSI-RS resources in each slot have the same location.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-2, with the same frequency offset across all resources.
-	Same Pc and Pc_SS value across all resources.
· the bandwidth of CSI-RS resource can be configured to be
· 
Equal to the minimum of 50 or , 
· 

Equal to , if > 50 PRBs and the periodicity is larger than 10 msec.
-	the periodicity is one of 10, 20, 40, or 80 ms



Proposal 4: The following should be added in the 214 specification:
· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS
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