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Discussion
1 Introduction
This contribution is to collect companies’ views on the issues for TRS.
2 Issues and editorial change
2.1 TRS parameters change for above 3GHz in FR1
Nokia(9238) considers the beam sweeping for above 3GHz in FR1 and then proposes the following changes,
· For above 3GHz in FR1, the TRS symbol location is the same as that for FR2 ( {0,4}, {1,5}, {2,6}, {3,7}, {4,8}, {5,9}, {6,10}, {7,11}, {8,12}, {9,13} )
· For above 3GHz in FR1, support TRS burst length = 1 and 2 slots, same as that for FR2
The companies’ comments can be expressed below.
	Intel
	This can be optimized in Rel-16.

	ZTE
	Support 1 slot burst for FR1

	Ericsson
	Support 1 slot burst for both FR1 and FR2. In principle we are fine to support also the same TRS symbol locations for FR1 and FR2. 

	vivo
	Support 1 slot burst for FR1 for 1 slot based UL/DL TDD configuration.

	Qualcomm
	We prefer to not introduce 1 slot TRS in FR1. Technically speaking, for FR1, doppler spread estimation is important, and 1-slot TRS is not good for such purpose. Note also that overhead issues of TRS for FR1 are not likely due to the absence of Type-D. 

	Huawei, HiSilicon
	Not support for X=1 in FR1. The related issues have been discussed many times during Rel-15, so not to open it to discuss again. 

	MTK
	Same side as QC and HW not to have 1 slot for FR1

	Samsung
	Support 1 slot burst for FR1

	Nokia, NSB
	Support at least 1 slot burst for FR1, as long as we can confirm no QCL type D in FR1. 


5.1 On multiple number of TRS resource sets
HW(8144) points out that it is UE capability on the number of TRS resource sets for simultaneous tracking, and for the configuration per CC and across CC (feature 2-51). The current specification says “A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet”. As such the wording should be modified since the UE may receive multiple TRS resource sets.

The following is the text proposal provided by HW(8144) with a minor change by feature coordinator, by adding “periodic” in the first line for proposal by ZTE(8197).
	< Start of the text proposal >

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 periodic NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info.

For a NZP-CSI-RS-ResourceSet 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 NZP-CSI-RS-ResourceSet is the same. For frequency range 1, the UE may be configured with one or more NZP-CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. For frequency range 2 the UE may be configured with one or more NZP-CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 

A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:

-
Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location

-
Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location)and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources. The UE does not expect that the scheduling offset between the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-Offset. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.

< End of the text proposal >


The companies’ comments can be expressed below.
	Intel
	Support

	ZTE
	Support with the change in section 2.9

	Ericsson
	Fine in principle, but perhaps the TP can be improved. For instance, the final TP can be written so that the first sentence mentions that more than one TRS may be configured, and then the remaining text in the section describes details on how one of these TRS is configured.

	Vivo
	Support

	Huawei, HiSilicon
	Support

	OPPO
	Support

	MTK
	Support the text change

	Samsung
	Agree with Ericsson. We prefer to have minimum spec change, e.g. the additional clarification such as ‘periodic’ is already handled by the following descriptions.

	Nokia, NSB
	Share view with Ericsson and Samsung

	LGE
	Support


2.3 Same QCL source for a TRS resource set
ZTE(8197) points out that, all the resources in a TRS resource set should have the same QCL source. The current specification only captures that all the resources in a TRS resource set have the same antenna port index.
ZTE(8197) also provides the following text change,

	5.1.6.1.1
CSI-RS for tracking

For a NZP-CSI-RS-ResourceSet 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 NZP-CSI-RS-ResourceSet is the same and the higher layer parameter qcl-InfoPeriodicCSI-RS for the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same.


The companies’ comments can be expressed below.
	Intel
	It is defined that for TRS all the CSI-RS resources share the same port. “same port” is stronger than QCL.

	ZTE
	Support this TP. Understand Intel’s response. But different qcl-InfoPeriodicCSI-RS can still be different based on current specification. We just want further clarification. 

	Ericsson
	Agree with Intel, same port is stronger than QCL, no need for text change

	Qualcomm
	“Same port is stronger”. Regarding comment ZTE: It is an error event if the qcl-InfoPeriodicCSI-RS is different, and in general we don’t write down in the spec all the wrong RRC configurations, but if there is majority to add this clarification, we should not spend too much time discussing it, and we could be OK.

	Huawei, HiSilicon
	Similar view with Intel

	OPPO
	Support ZTE’s TP since it makes the spec clearer. 

	MTK
	Agree with Intel

	Samsung
	Agree with Intel

	Nokia, NSB
	Agree with Intel

	LGE
	Agree with Intel.


2.4 Support of semi-persistent TRS
QC(9424) proposes to support semi-persistent TRS. The use case is, SP-TRS can provide the support of fast beam switch.
The companies’ comments can be expressed below.
	Intel
	This is a new feature and can be discussed in Rel-16.

	ZTE
	Support this since it is useful and has no much standard effort. 

	Ericsson
	Support, agree with Intel it is minimal spec effort

	vivo
	Support this feature

	Qualcomm
	Support. Already the spec has SP-CSIRS for all remaining purposes, and there is SP-SRS in UL for the same purpose (fast beam switching). If companies have concerns, could we entertain/discuss technically any of the following alternatives, which could effectively enable the same without explicitly introducing SP-TRS?

1) Allow the QCL Type-D source of P-TRS to be an SP-CSIRS for BM

2) Allow the QCL Type-D of a P-TRS to be updated by MAC CE?

	Huawei, HiSilicon
	Not support. We are not ok to introduce this new features at this stage. The issue discussed in QC’s contribution, it actually can be addressed by configuring multiple Periodic-TRS. 

	MTK
	· We don’t support this. We’ve introduced A-TRS together with P-TRS which have been sufficient. As the UE receives MAC-CE to indicate the change of TCI state, the corresponding source RS for QCL is changed for PDSCH reception. So the UE may be re-directed to use a new P-TRS.  The new P-TRS, may not arrive in time due to the periodicity before PDSCH with new beam. The network can actually trigger A-TRS which is associated to the new P-TRS and A-TRS happens earlier than P-TRS

	Samsung
	Support the proposal.

	Nokia, NSB
	Support this feature. 


2.5 Report configuration link to periodic TRS
QC(9424) proposes to revert the agreement that the periodic TRS is not linked to report configuration. Instead, it is linked to a report configuration with report quantity “none”.
The reason is, the max number of CSI resource configuration, which is 112, is derived by relating to report configuration. The analysis is below,
· 4 periodic CSI reporting, 4 semi-persistent CSI reporting, and 4 aperiodic CSI reporting

· For each periodic CSI reporting, consider 2 resource configurations for CM and IM

· For each semi-persistent CSI reporting, also consider 2 resource configurations for CM and IM

· For each aperiodic CSI reporting, consider 3 resource configurations for CM, IM and NZP-IM

· 4 BWP per CC, so that 112 = 4 *( 4*2+ 4*2+ 4*3)
As such, QC(9424) proposes that periodic TRS should be linked to report configuration to ensure that there is sufficient CSI resource configuration for periodic TRS.

The companies’ comments can be expressed below.
	Vivo
	Limitation of only possible to link to report with report quantity ‘none’ does not seem to solve the problem.

	OPPO
	Share the same feeling as vivo

	MTK
	If this is a concern, then the max number of NZP CSI-RS resources which is 192 should also be re-considered as well. We have pointed out this in previous meeting but QC instead said it is not a problem

	Samsung
	Agree with MTK. We prefer to have simpler solution, i.e. increase the number of NZP CSI-RS resources rather than touching the other details.


2.6 Editorial change: remove “ms” HW(8144)
	5.1.6.1.1
CSI-RS for tracking

< Unchanged parts are omitted >

Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:

-
the periodicity and slot offset, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of 
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10, 20, 40, or 80 and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 

< End of the text proposal >


The companies’ comments can be expressed below.
	Intel
	Support

	ZTE
	Support

	Ericsson
	OK

	vivo
	Support

	Qualcomm
	OK

	Huawei, HiSilicon
	Support

	OPPO
	Support

	MTK
	support

	Samsung
	OK

	Nokia, NSB
	Support

	LGE
	Support


2.7 Editorial change: OPPO(8881) and Intel(8670)
	5.1.6.1.1
CSI-RS for tracking
Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location)and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources. For frequency range 2, The UE does not expect that the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-Offset


The companies’ comments can be expressed below.
	Intel
	Support

	ZTE
	Support

	Ericsson
	Support

	vivo
	Support

	Qualcomm
	OK

	OPPO
	Support

	MTK
	support

	Samsung
	OK

	Nokia, NSB
	Support

	LGE
	Support


2.8 Editorial change: Intel(8670)

[image: image3]
The companies’ comments can be expressed below.
	Intel
	Support

Clarification: Since AP-TRS was agreed, one set may include aperiodic CSI-RS resources. So “periodic” is not accurate enough. Further the same time domain behaviour should be configured for each resources in a resource set.

	Ericsson
	Seems reasonable, support

	vivo
	Fine with the TP

	Qualcomm
	OK

	Huawei, HiSilicon
	Remove “periodic” is fine. But for the other TPs seems not necessary.

	MTK
	· Section 2.8 is almost the same as section 2.9

· For removing “periodic”, we don’t agree. The reason is seen in our comment in section 2.9

· For the parts other than removing “periodic”, we can support

	Samsung
	Agree with Huawei.

	Nokia, NSB
	Support 

	LGE
	Support


2.9 Editorial change: ZTE(8197)
	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 periodic NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.

For a NZP-CSI-RS-ResourceSet 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 NZP-CSI-RS-ResourceSet is the same. For frequency range 1, the UE may be configured with a NZP-CSI-RS-ResourceSet of four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot. For frequency range 2 the UE may be configured with a NZP-CSI-RS-ResourceSet of two CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot. 

A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:

-
Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location

-
Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. The UE does not expect that the scheduling offset between the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-Offset. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.

A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to 'configured'.

A UE does not expect to be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to other than 'none' for aperiodic NZP CSI-RS resource set configured with trs-Info.

A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info.

A UE does not expect to be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.

Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:

-
the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of

-
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-

[image: image7.wmf]{

}

4

,

0

Î

l

, 
[image: image8.wmf]{

}

5

,

1

Î

l

, 
[image: image9.wmf]{

}

6

,

2

Î

l

, 
[image: image10.wmf]{

}

7

,

3

Î

l

, 
[image: image11.wmf]{

}

11

,

7

Î

l

, 
[image: image12.wmf]{

}

12

,

8

Î

l

 or 
[image: image13.wmf]{

}

13

,

9

Î

l

 for frequency range 2.

-
a single port CSI-RS resource with density 
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 given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-
the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and 
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-
the UE is not expected to be configured with the periodicity of 
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 slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.

-
the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of 
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-
same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.


The companies’ comments can be expressed below.
	ZTE
	Support. 
Clarification: many descriptions for TRS pattern and configuration should be for both periodic TRS and aperiodic TRS, e.g. based on the current specification, we cannot see the aperiodic TRS set should have four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot for FR1.

Some changed parts are overlapping with Intel’s, maybe feature lead can merge them.

	Ericsson
	Support

	vivo
	Support.

	Qualcomm
	OK. Indeed this TP has some overlapping changes with the previous and the one shown early on the document. 

	Huawei, HiSilicon
	Fine with the TP

	OPPO
	Support. 

	MTK
	· We have concern. The reason is, if the “periodic” is removed, there could be confusion that A-TRS can be triggered without P-TRS being configured. So the “periodic” should be there in the sentence

· We already have the below sentence in spec to describe how the A-TRS is associated with P-TRS in terms of TRS symbol number. 

The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.

	Samsung
	Agree with MTK.

	Nokis, NSB
	Support

	LGE
	Support


3 Reference
[1] R1-1808144, “Remaining issues on reference signals and QCL”, HW
[2] R1-1808197, “Maintenance for Reference signals and QCL”, ZTE

[3] R1-1808670, “Corrections to reference signals and QCL”, Intel
[4] R1-1808881, “Text proposals for RS and QCL”, OPPO
[5] R1-1809238, “Remaining issues on reference signals and QCL”, Nokia
[6] R1-1809424, “Maintenance for RS”, QC[image: image20.emf]
5.1.6.1.1	CSI-RS for tracking


<Unrelated part omitted>


For a NZP-CSI-RS-ResourceSet 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 NZP-CSI-RS-ResourceSet is the same. For frequency range 1, the UE may be configured with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. For frequency range 2 the UE may be configured with a NZP-CSI-RS-ResourceSet of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 


<Unrelated part omitted>


Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource 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 (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of


-	� EMBED Equation.3 ���, � EMBED Equation.3 ���, or� EMBED Equation.3 ��� for frequency range 1 and frequency range 2,


-	� EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ���, � EMBED Equation.3 ��� or � EMBED Equation.3 ��� for frequency range 2.


-	<Unrelated part omitted>


-	same resourceType, powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
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