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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]In this contribution, we provide our view and the text proposal for the remaining issues on TRS.

2 Issues
2.1 Error placement on the description of measurement restriction for TRS
The description of measurement restriction for TRS is mistakenly placed in 5.1.6.1.2 of 38.214, which is for beam management purpose. It should be moved to 5.1.6.1.1.
	Current 5.1.6.1.2 38.214
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’.




So, we propose that,

Proposal 1:
	Text proposal 5.1.6.1.2 38.214
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’.

Text proposal 5.1.6.1.1 38.214
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’.




2.2 Aperiodic TRS
The aperiodic TRS could be useful for some scenarios. However, the RS overhead is never carefully analysed. The periodic TRS is actually group-UE-specific, which can be shared among a certain number of UEs. The aperiodic TRS is basically for a single UE. So when the number of UEs in connected mode is large, the RS overhead due to triggering the aperiodic TRS for each UE will certainly be increasing.


In our view, the aperiodic TRS can be supported under the following conditions, 
· Aperiodic TRS is the assisting role to assist periodic TRS
· It doesn’t mean all the UE will be triggered with aperiodic TRS. If the network can align the activity with periodic TRS well, there is no need to trigger aperiodic TRS for the UE
· The aperiodic TRS structure is the same as that of periodic TRS (BW, subcarrier location and number of slots in a burst), so that the UE doesn’t need to apply different the algorithm parameters to deal with periodic TRS and aperiodic TRS
· If an aperiodic TRS burst is triggered to the UE, then the following periodic TRS in which the UE is associated with, shall have the same QCL

Please note that, even though the triggering of aperiodic TRS is believed to reduce the latency, for example SCell activation delay time, it still depends on the scenario whether the latency can be reduced, in our point of view. Let’s talk about the scenario of different numerology between PCell and SCell, and also the case belongs to ‘unknown’, where the ‘unknown’ here means the UE doesn’t measure the SCell from PCell before receiving activation command. Then the allowed 33us time difference between PCell and SCell contributes to a number of OFDM symbols time if SCell has larger SCS. When there is timing uncertainty in OFDM symbol level, the UE should rely on SSB, not periodic or aperiodic TRS to acquire the symbol timing.
Observation 1: For SCell activation, let’s talk about the scenario of different numerology between PCell and SCell, and also the case belongs to ‘unknown’, where the ‘unknown’ here means the UE doesn’t measure the SCell from PCell before receiving activation command. Then the allowed 33us time difference between PCell and SCell contributes to a number of OFDM symbols time if SCell has larger SCS. When there is timing uncertainty in OFDM symbol level, the UE may rely on SSB, not periodic or aperiodic TRS to acquire the symbol timing

Observation 2: It was agreed that the implementation of TRS using CSI-RS resource set should be based on the agreed parameters. It doesn’t mean all the CSI-RS agreement can be applied to TRS
 
We also propose the following text to capture aperiodic TRS in specification.

Proposal 2:
	Text proposal 5.1.6.1.1 38.214
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set with periodic CSI-RS resources configured with higher layer parameter TRS-Info.
If a UE is configured with the higher layer parameter TRS-Info, 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. A CSI-RS resource set of four aperiodic CSI-RS resources in two consecutive slots with two aperiodic CSI-RS resource in each slot may be additionally triggered to assist the UE for tracking. 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. A CSI-RS resource set of two aperiodic CSI-RS resources in one slot or a CSI-RS resource set of four aperiodic CSI-RS resources in two consecutive slots with two aperiodic CSI-RS resources in each slot may be additionally triggered to assist the UE for tracking.
The periodic CSI-RS resources in the CSI-RS resource set configured with higher layer parameter TRS-Info have the same periodicity, bandwidth and subcarrier location. The aperiodic CSI-RS resources in the CSI-RS resource set configured with higher layer parameter TRS-Info have the same bandwidth and subcarrier location. The UE is not expected to receive different bandwidth and subcarrier location configuration between the configured CSI-RS resource set of periodic CSI-RS resources and the assisted CSI-RS resource set of aperiodic CSI-RS resources, if being triggered.



2.3 Number of TRS resource for configuration and for being simultaneously trackable

In the UE feature list, the maximum number of TRS resources for configuration and the maximum number of TRS resources UE is able to track simultaneously is added.
For the number of TRS resources that the UE is able to track simultaneously, it is seen that there was agreement as shown below that the UE can be configured with multiple TRS. The development of this agreement doesn’t continue due to the consideration of single TRP scenario in Rel-15.
	R1-1715144	WF on TRS	MediaTek, Ericsson, Huawei, HiSilicon, Qualcomm, Samsung
Agreements:
· A UE can be configured multiple TRS at least if the UE supports multi-TRP/multi-panel deployment
· Details FFS



There are two DMRS groups and it is assumed that the two DMRS port groups are co-located in Rel-15 NSA. As such the single port TRS is sufficient for the two DMRS groups. If the two DMRS port groups are not co-located, each DMRS port group should be associated with a single port TRS in QCL manner. Then the UE should track 2 single-port TRS simultaneously.

The maximum number of TRS resources for configuration maybe the implementation issue on how many beams to be placed in a sector of a cell. In our view, it may not be possible that the number TRS beams is the same as that for PDSCH due to the RS overhead consideration. So we propose that the maximum number of periodic TRS beams is 64, which is equal to that for periodic SSB.

Observation 3: If the two DMRS port groups are not co-located, each DMRS port group should be associated with a single port TRS in QCL manner. Then the UE should track 2 single-port TRS simultaneously

Proposal 3: The number of TRS ports for simultaneous tracking is 2

Proposal 4: Consider that periodic TRS and periodic SSB have the same maximum of the beam number, which is 64

Proposal 5: The periodic TRS support for multiple TRP scenario can be captured in Rel-16, or in Rel-15 CR phase

2.4 FDM between SSB and TRS
The SSB position is captured in 38.213 as follows.
	Current 4.1 38.213
For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the subcarrier spacing of SS/PBCH blocks as follows. 
-	Case A - 15 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case B - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.
-	Case C - 30 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-	Case D - 120 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
-	Case E - 240 kHz subcarrier spacing: the first symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.


Also we have the following agreement in Nagoya meeting,
	Agreement:
· For TRS, support TRS burst length X=2 slot.
· A slot containing SSB can be configured for TRS 
· TRS may be TDM with SSB to avoid collision
· FFS: TRS may be FDM with SSB to avoid collision
· Strive to have same burst pattern of TRS configurations with and without slot containing SSB



So actually whether TRS can be FDMed with SSB has not reached agreement. We want to point out that, the support of TRS and SSB in FDM manner can be achieved through the new agreement in Feb meeting,
	
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



 -	, , or or  for frequency range 1 and frequency range 2,







[bookmark: _GoBack]-	, , , , ,  or  for frequency range 2.



Let’s give an example. SSB with beam index 0 takes position from symbol 4 to 7, and takes position from symbol 8 to 11 for beam index 1. The periodic TRS with same beam as SSB with beam index 0 can be allocated at symbol 3 and 7, and can be allocated at symbol 8 and 12 for same beam as SSB with beam index 1.

Observation 4: TRS and SSB can be FDMed. For example, SSB with beam index 0 takes position from symbol 4 to 7, and takes position from symbol 8 to 11 for beam index 1. The periodic TRS with same beam as SSB with beam index 0 can be allocated at symbol 3 and 7, and can be allocated at symbol 8 and 12 for same beam as SSB with beam index 1

Proposal 6: Capture FDM between TRS and SSB into specification

3 Conclusion
Observation 1: For SCell activation, let’s talk about the scenario of different numerology between PCell and SCell, and also the case belongs to ‘unknown’, where the ‘unknown’ here means the UE doesn’t measure the SCell from PCell before receiving activation command. Then the allowed 33us time difference between PCell and SCell contributes to a number of OFDM symbols time if SCell has larger SCS. When there is timing uncertainty in OFDM symbol level, the UE may rely on SSB, not periodic or aperiodic TRS to acquire the symbol timing

Observation 2: It was agreed that the implementation of TRS using CSI-RS resource set should be based on the agreed parameters. It doesn’t mean all the CSI-RS agreement can be applied to TRS

Observation 3: If the two DMRS port groups are not co-located, each DMRS port group should be associated with a single port TRS in QCL manner. Then the UE should track 2 single-port TRS simultaneously

Observation 4: TRS and SSB can be FDMed based on new agreement for symbol position. For example, SSB with beam index 0 takes position from symbol 4 to 7, and takes position from symbol 8 to 11 for beam index 1. The periodic TRS having same beam as SSB with beam index 0 can be allocated in symbol 3 and 7, and can be allocated at symbol 8 and 12 for having same beam as SSB with beam index 1

Proposal 1:
	Text proposal 5.1.6.1.2 38.214
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’.

Text proposal 5.1.6.1.1 38.214
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’.



Proposal 2: In our view, the aperiodic TRS can be supported under the following conditions, 
· Aperiodic TRS is the assisting role to assist periodic TRS
· It doesn’t mean all the UE will be triggered with aperiodic TRS. If the network can align the activity with periodic TRS well, there is no need to trigger aperiodic TRS for the UE
· The aperiodic TRS structure is the same as that of periodic TRS (BW, subcarrier location and number of slots in a burst), so that the UE doesn’t need to apply different the algorithm parameters to deal with periodic TRS and aperiodic TRS
· If an aperiodic TRS burst is triggered to the UE, then the following periodic TRS in which the UE is associated with, shall have the same QCL

	Text proposal 5.1.6.1.1 38.214
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a CSI-RS resource set with periodic CSI-RS resources configured with higher layer parameter TRS-Info.
If a UE is configured with the higher layer parameter TRS-Info, 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. A CSI-RS resource set of four aperiodic CSI-RS resources in two consecutive slots with two aperiodic CSI-RS resource in each slot may be additionally triggered to assist the UE for tracking. 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. A CSI-RS resource set of two aperiodic CSI-RS resources in one slot or a CSI-RS resource set of four aperiodic CSI-RS resources in two consecutive slots with two aperiodic CSI-RS resources in each slot may be additionally triggered to assist the UE for tracking.
The periodic CSI-RS resources in the CSI-RS resource set configured with higher layer parameter TRS-Info have the same periodicity, bandwidth and subcarrier location. The aperiodic CSI-RS resources in the CSI-RS resource set configured with higher layer parameter TRS-Info have the same bandwidth and subcarrier location. The UE is not expected to receive different bandwidth and subcarrier location configuration between the configured CSI-RS resource set of periodic CSI-RS resources and the assisted CSI-RS resource set of aperiodic CSI-RS resources, if being triggered.



Proposal 3: The number of TRS ports for simultaneous tracking is 2

Proposal 4: Consider that periodic TRS and periodic SSB have the same maximum of the beam number, which is 64

Proposal 5: The periodic TRS support for multiple TRP scenario can be captured in Rel-16, or in Rel-15 CR phase

Proposal 6: Capture FDM between TRS and SSB into specification
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