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1. Introduction
In RAN1 NR AH 1801 meeting, the following agreements have been achieved for TRS. [1]
Agreement:
Agree to the following text proposal for section 5.1.6.1.1 in 38.214
----start----
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set for tracking, and receive the higher layer parameter TRS-INFO set as ‘ON’.

If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot, f. For frequency range 2 the UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. 

The periodic CSI-RS resources in the CSI-RS resource set with higher layer parameter TRS-INFO set as ‘ON’ have the same periodicity, bandwidth and subcarrier location.

Each CSI-RS resource, defined in Subclause 7.4.1.5 of [4, TS 38.211], is configured by the higher-layer parameter NZP-CSI-RS-ResourceConfig CSI-RS-ResourceMapping with the following restrictions:

-	the time-domain locations of the two periodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots, as defined by higher layer parameter CSI-RS-ResourceMapping,  is given by one of [image: ], [image: ], 
-	a single port CSI-RS resource with density [image: ] given by Table 7.4.1.5.2-12 and higher layer parameter csi-RS-Density
-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 50 or [image: ] resource blocks, or is equal to [image: ] resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms
-	the periodicity, as given by the higher layer parameter csi-RS-timeConfig, is one of  slots where 10, 20, 40, or 80 ms and where µ is defined in [4.2, TS 38.211].  10, 20, 40, or 80 ms
-	same Pc and Pc_SS value across all resources
-----end-----

Agreement:
Following working assumption is confirmed:
· For above-6GHz, the following configurations are supported
· Same configuration as below-6GHz: X=2 and N=2+2
· For X=1, use the same OFDM symbols as X=2 case within a slot

Agreement
Agree to the following text proposal for section 5.1.6.1.1 in 38.214

the time-domain locations of the two periodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots, as defined by higher layer parameter resourceMapping,  is given by one of [image: ], [image: ], . The time domain locations are the same across the two consecutive slots.

In this contribution, we will provide some discussions on the remaining issues for TRS on the configuration of TRS resource and aperiodic TRS.
2. Discussion
2.1 Configuration of TRS resource
The TRS can be used for time and frequency offset tracking and for different beams the time and frequency offset could be different. Hence a UE shall be configured multiple TRS resources if multiple active TCI states are used. A wide TRS beam may not help since the beam in each TCI states may happen to be in opposite direction as shown in Figure 1. Therefore the number of TRS resources should be no less than the number of active TCI states, which is determined by UE capability.


Figure 1: one example for 2 TCI states
Further it should be clarified that whether the UE can assume that the TRS resource transmitted in different time instances with the same resource ID should have the same beam. With this assumption, a UE can use some averaging to measure the time and frequency offset from multiple time instances of TRS. In addition, in a CSI-RS resource set, there can be the two control element: TRS-Info and repetition. Then when TRS-Info is configure to be ON and repetition is configured to be OFF, the UE would be confused whether the Tx beam should be assumed to be the same. Since the TRS-Info is used for TRS configuration and repetition is used for the beam management CSI-RS configuration, a UE should not assume both should be configured. Therefore a UE shall not be expected to be configured with both TRS-Info and repetition.
Proposal 1: For a UE, the number of periodic TRS resources should be no less than the number of active TCI states.
Proposal 2: The UE can assume the CSI-RS with the same resource ID transmitted in multiple time instances should be from the same antenna ports.
Proposal 3: For one CSI-RS resource set, a UE shall not be expected to be configured with both TRS-Info and repetition.
2.2 Aperiodic TRS
It has been agreed that the periodicity of TRS is 10ms, 20ms, 40ms and 80ms, and the PDSCH beam can be updated by MAC CE. So new TCI states may be considered as active TCI after receiving the MAC CE. However the UE may not be able to track the beam immediately since there is no TRS for this new TCI states. Thus one possible way is to reserve some gap for the beam indication so that the UE can wait until the TRS transmission and the RRC reconfiguration of the TRS to change the TRS beam. However as shown in Figure 2, this may result in large latency. Another possible way is to support aperiodic TRS so that the gNB can schedule the aperiodic TRS for new beam tracking to reduce the latency of beam indication.
Further, the PT-RS may also help to track the frequency offset. So another possible way is that during the beam switching, the UE can use PT-RS for frequency offset tracking. However for some MCS, PT-RS may not be transmitted, since it may not be transmitted if the scheduled MCS or bandwidth is below a threshold. Therefore the PT-RS cannot always help.


Figure 2: Beam switching latency for periodic TRS
Proposal 4: With regard to the beam indication latency, the aperiodic TRS should be supported at least for FR2.
2.3 TRS burst length
It has been agreed for FR2, TRS burst length X = 1 and 2 slots are supported, and the burst length is a UE capability. For FR1, currently only X=2 is agreed. However for 2 slots TRS, there may be one issue that the AGC for the two slots could be different. So although it is agreed that the transmission power for each CSI-RS resources for tracking should be the same, at the receiver side, due to AGC issue, the amplitude of the receiving CSI-RS resources may be different. Therefore to simplify the receiver’s complexity, X=1 should also be supported for FR1.
Proposal 5: For FR1, X=1 should be supported.

3. Conclusions
In this contribution we have provided our views on TRS. From the discussion, we have achieved the following proposals.
Proposal 1: For a UE, the number of periodic TRS resources should be no less than the number of active TCI states.
Proposal 2: The UE can assume the CSI-RS with the same resource ID transmitted in multiple time instances should be from the same antenna ports.
Proposal 3: For one CSI-RS resource set, a UE shall not be expected to be configured with both TRS-Info and repetition.
Proposal 4: With regard to the beam indication latency, the aperiodic TRS should be supported at least for FR2.
Proposal 5: For FR1, X=1 should be supported.
4 Text Proposal
The following text proposals are achieved based on proposals above.
=============== Text Proposal in 38.214 ======================
[bookmark: _Toc501048174]5.1.6.1.1	CSI-RS for tracking
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set for tracking, and receive the higher layer parameter TRS-INFO set as ‘ON’.
If a UE is configured with the higher layer parameter TRS-INFO set as 'ON', the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same in all time instances. For frequency range 1, the UE may be configured with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. For frequency range 2 tThe UE may be configured with a CSI-RS resource set of two periodic CSI-RS resources in one slot or with a CSI-RS resource set of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. 
The periodic CSI-RS resources in the CSI-RS resource set with higher layer parameter TRS-INFO set as ‘ON’ have the same periodicity, bandwidth and subcarrier location. A UE shall not expect to be configured with both TRS-INFO and CSI-RS-ResourceRep for a CSI-RS resource set.
A UE shall expect the number of configured CSI-RS resource sets for tracking should be no less than the number of TCI states indicated in TCI activation command.
Each CSI-RS resource, defined in Subclause 7.4.1.5.2-1 of [4, TS 38.211], is configured by the higher-layer parameter NZP-CSI-RS-ResourceConfig with the following restrictions:



-	the time-domain locations of the two periodic or aperiodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots, as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of , , or 

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.2-1 and higher layer parameter csi-RS-Density.


-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 50 or  resource blocks, or is equal to  resource blocks when the bandwidth of active BWP is greater than 50 resource blocks and when the periodicity of the CSI-RS resource is greater than 10ms


-	the periodicity, as given by the higher layer parameter csi-RS-timeConfig, is one of slots where 10, 20, 40, or 80 ms and where µ is defined in Subclause 4.3 of [4, TS 38.211].  
-	same Pc and Pc_SS value across all resources. The UE may also assume that the antenna port associated with the SS/PBCH block given by the CSI-RS for time/frequency tracking burst configuration and the antenna port associated with the CSI-RS for time/frequency tracking burst are quasi co-located with respect to Doppler shift, average delay and if configured, the spatial Rx parameter.
=============== End of Text Proposal ========================
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