3GPP TSG-RAN WG1 Meeting #92bis
R1-1805550
Sanya, China, 16th April – 20th April, 2018
Agenda item:

7.1.2.3.6
Source:
MediaTek Inc.
Title:
Summary #1 for TRS
Document for:

Discussion
1 Introduction
This contribution is to collect companies’ views for the specification refinement and also for the potential new agreement for TRS.
2 Issues
2.1 Measurement restriction on TRS
Samsung(4369), MTK(4077), QC(4795), DCM(5047) point out that the description of measurement restriction on TRS is mistakenly placed at the section for CSI-RS for BM.
Intel(4723) further proposes a sentence to emphasize that the TRS burst at different time instances should be from the same antenna port.

	Based on the first round discussion, there are two proposals,
· Alt. 1: The UE shall assume that the different time instances of the CSI-RS resource set configured with TRS-Info are transmitted from the same antenna port

· Supporting companies: Intel, Samsung, MTK, QC, DCM, HW, HiSi,

· Note: this is that the UE doesn’t expect to perform one shot estimation based on TRS

· Alt. 2: The UE shall not assume that the different time instances of the CSI-RS resource set configured with TRS-Info are transmitted from the same antenna port

· Supporting companies: E///, Nokia

· Note: this is to restrict the UE that one shot estimation should be performed




The following two text proposals corresponding to the above two alternatives are provided,
	Samsung
MTK
QC
DCM
Intel
HW

HiSi
	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
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. UE shall assume that different time instances of the CSI-RS resource set with higher layer parameter TRS-Info should be from the same antenna port.
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’.


	E///, Nokia
	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

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.

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 FDM between periodic TRS and SSB

MTK(4077) points out that, the current specification only supports FDM between SSB and CSI-RS for beam management. However, for FR2 where multiple periodic TRS beams are needed, the periodic TRS can be considered to FDM with SSB.
One issue is TRS has symbol spacing = 4 (St). The SSB in each index has 4 symbols. So, it may not put TRS directly on symbols with SSB for the same beam. The issue can be easily resolved by the gNB with the capability of generating multiple beams in one OFDM symbol, namely with multiple RF chains.
The following 4 figures show the feasibility of considering FDM between TRS and SSB. As such, MTK(4077) proposes that the FDM between TRS and SSB should be addressed in specification.
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Fig. 1
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Fig. 2
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Fig. 3
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Fig. 4
	Based on the first round discussion, there are two proposals,
· Alt. 1: Support FDM between TRS and SSB and they are non-overlapping

· Supporting companies: ZTE, Sanechips, Samsung, Nokia, MTK

· Alt. 2: Don’t support FDM between TRS and SSB

· Supporting companies: Intel, QC, E///




2.3 Relationship between TRS, CSI-RS for CSI and CSI-RS for BM
LGE(4549) considers the following reasons to preclude TRS for being used for other purposes, such as for CSI and beam management,

· Simplify the specification since CSI and beam quality is measured on a CSI-RS resource, not on a CSI-RS resource set. Periodic TRS is constructed by a CSI-RS resource set (for one beam)
· Simplify UE implementation
Intel(4723) also points out that the parameter CSI-RS-ResourceRep for beam management purpose should not be allowed to be configured simultaneously with the parameter TRS-info for a CSI-RS resource set for TRS purpose. 
DCM(5047) thinks it could be feasible to have a CSI-RS resource set for both tracking and P3 procedure. As such, TRS-info can be configured simultaneously with CSI-RS-ResourceRep being configured as ‘On’.
	Based on the first round discussion, there are two proposals,
· Alt. 1: A CSI-RS resource set should not be configured with TRS-info and CSI-RS-ResourceRep simultaneously

· Supporting companies: Intel, LGE, MTK, ZTE, Sanechips, OPPO, QC, HW, Hisi

· Alt. 2: A CSI-RS resource set can be configured with TRS-info and CSI-RS-ResourceRep set as ‘On’ simultaneously 

· Supporting companies: DCM, Nokia




The following two text proposals are prepared to capture the different views (slightly modify the text proposals from Intel and DCM).
	Intel, LGE,

MTK
	Text proposal 5.1.6.1.1 38.214

A UE is not expected to receive a CSI-RS resource set of periodic CSI-RS resources where both TRS-info and CSI-RS-ResourceRep are configured simultaneously



	DCM
	Text proposal 5.1.6.1.1 38.214

A UE is not expected to receive a CSI-RS resource set of periodic CSI-RS resources where TRS-info is configured and CSI-RS-ResourceRep is configured by setting as OFF



2.4 TRS report configuration

OPPO(4003) thinks that for periodic TRS, the report setting is not needed. However if aperiodic TRS is agreed to support in Rel-15, the report setting by the parameter “ReportQuantity” should be configured and be set as “No report”. 
LGE(4549) and QC(4795) supports that the parameter “ReportQuantity” set to “No report” can be configured to the periodic TRS, since periodic TRS is to use the structure of CSI-RS resource set and it is possible that the report setting could be configured.

Samsung(4369) thinks that association between reporting setting and TRS is gNB implementation, i.e. the current specification seems enough.
	Based on the first round discussion, there are two proposals,
· Alt. 1: It is up to the gNB to configure ReportQuantity in report setting to the CSI-RS where TRS-info is configured. If the ReportQuantity is configured, it is set as ‘No report’

· Supporting companies: Samsung, Intel, MTK

· Alt. 2: The ReportQuantity in report setting should be configured to the CSI-RS where TRS-info is configured. The ReportQuantity is set as ‘No report’ 

· Supporting companies: LGE, QC




The following two text proposals are provided,
	LGE,

QC

	Text proposal  5.1.6.1.1  38.214

· same Pc and Pc_SS value across all resources. 

· If higher layer parameter TRS-INFO is configured in a resource set, the linked reporting setting shall not include the higher-layer parameter ReportQuantity other than ‘No Report’.


	SS
	Text proposal  5.1.6.1.1  38.214

· same Pc and Pc_SS value across all resources. 
· The report setting associated with CSI-RS configured with higher layer parameter TRS-INFO can include the higher-layer parameter ReportQuantity set to ‘No Report’, if configured.



2.5 TRS and TCI state
ZTE(3914), OPPO(4003) points out that, a TCI state is configured per CSI-RS resource, and TRS is actually configured through a NZP CSI-RS resource set. As such, all he CSI-RS resources in the set for TRS should be linked to the same TCI state.
	Based on the first round discussion, there are two proposals,
· Alt. 1: The higher layer parameter qcl-InfoPeriodicCSI-RS with same value (same TCI state) is included for the CSI-RS resources in the CSI-RS resource set with TRS-Info being configured

· Supporting companies: OPPO, ZTE, Sanechips, MTK

· Alt. 2: The assumption of same antenna port is stronger than QCL assumption. As such there is no need to further include the higher layer parameter qcl-InfoPeriodicCSI-RS
· Supporting companies: Intel, QC, E///, Nokia




The following text proposal is prepared by slightly modifying OPPO’s text proposal,
	OPPO,
ZTE
	Text proposal 5.1.6.1.1 38.214
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, and also have the same value from the higher layer parameter qcl-InfoPeriodicCSI-RS.


The companies’ comments can be expressed below,
	Intel
	As for TRS all CSI-RS resource are from the same AP, the same AP means the same Tx beam should be applied. This change is not necessary. If gNB configures different qcl information, UE would assume this is a wrong configuration. How to handle wrong configuration is defined in RAN2. We do not need to define wrong configuration for every cases.

	ZTE, Sanechips
	Support this proposal such that the wrong configuration can be avoided.

	OPPO
	Support the proposal. The meaning of the same antenna port is not clear enough since the time-domain restriction is not included in the definition of an antenna port. Thus we propose to adopt the proposal to make the specification clearer 

	Qualcomm
	We tend to agree with Intel that the fact that it is the same port, it clearly means that the only valid configuration is the same QCL is applied. This may enable confusion in the future, that when we say “same port”, it is not enough, and we actually need to say “same port” and “same QCL”. 

	Ericsson
	Agree with Intel and Qualcomm. Note that “same port” assumption is stronger than QCL assumption so no need for this. 

	Nokia
	We share the same view as Intel, QC and Ericsson that assumption of same antenna port is stronger w.r.t. QCL assumption. 


2.6 Aperiodic TRS
vivo(3826), ZTE(3914), QC(4795), E///(4986), Nokia(5112) and Spreadtrum(5261) continue to express the support of aperiodic TRS in Rel-15.

Furthermore, ZTE(3914), QC(4795), Nokia(5112) and Spreadtrum(5261) all propose to use UL DCI for triggering aperiodic TRS, and the corresponding higher layer parameter “ReportQuantity” is set as “No report”. 
Spreadtrum(5261) further considers that aperiodic TRS can be used for CQI measurement and reporting once it is being triggered. The purpose is to let the network immediately know the channel quality, for example after DRX ON.
E///(4986) thinks that aperiodic TRS is an alternative, instead of being complementary, to periodic TRS. Also, semi-persistent TRS is an alternative to periodic TRS.
Huawei(4443) considers that aperiodic TRS is complementary, instead of being an alternative, to periodic TRS. And it is not essential. Aperiodic TRS could be beneficial on some scenarios, for example when applied to SCell activation for reducing the latency.
So aperiodic TRS should be an optional feature if it is introduced in Rel-15. Also aperiodic TRS should be associated with a periodic TRS.
MTK(4077) has the following views for aperiodic TRS, 

· 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

Intel(4723) instead considers that the aperiodic TRS is not essential. It is for optimization. The CR phase should deal with the essential issue. So Intel proposes that aperiodic TRS, which is for optimization purpose, is not considered in Rel-15. 
QC(4795) proposes that 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
· 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

	Based on the first round discussion, there are three proposals,
· Alt. 1: Rel-15 supports aperiodic TRS which is complementary to periodic TRS

· Supporting companies: HW, Hisi, MTK, QC, ZTE, Sanechips, Ericsson, Nokia, Spreadtrum
· Alt. 2: Rel-15 supports aperiodic TRS which is an alternative to periodic TRS

· Supporting companies: E///, Nokia, Spreadtrum
· Alt. 3: Rel-15 doesn’t support aperiodic TRS since it is for enhancement

· Supporting companies: Intel, Samsung




The following two text proposals are prepared to capture the views,
	MTK
	Text proposal 5.1.6.1.1 38.214
A UE in RRC connected mode is expected to receive thea 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.

	E///
	Text proposal 5.1.6.1.1 38.214
A UE in RRC connected mode is expected to receive the a higher layer UE specific configuration of a CSI-RS resource set configured with higher layer parameter TRS-Info where the CSI-RS resource set can be configured with periodic, semi-persistent or aperiodic time behaviour. 

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. 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, respectively. 

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.

Each CSI-RS resource, defined in Subclause 7.4.1.5.3-1 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 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

-
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-
a single port CSI-RS resource with density 
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-
the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 52 and 
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-
in case of periodic and semi-persistent CSI-RS for tracking, 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.

-
in case of periodic and semi-periodic CSI-RS for tracking ,the periodicity and slot offset, as given by the higher layer parameter csi-RS-timeConfig, is one of 
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-
same Pc and Pc_SS value across all resources.



The companies’ comments can be expressed below,
	Spreadtrum
	We support aperiodic TRS, and both Alt.1 and Alt.2 are fine for us. 

For Alt.1, performance of tracking can be guaranteed, since estimation by aperiodic TRS can be a sample for loop filtering together with estimations by periodic TRS. It is suitable for use cases like SCell/BWP/beam “switch”.

For Alt.2, performance of “tracking” is degraded, if periodic TRS are not configured and UE only relies on aperiodic TRS for “one-shot sync”. It is suitable for use case like FR2 which is “TRS overhead critical”. It could be assumed that performance degradation due to “one-shot sync” is allowable from network perspective.
Anyway, it is common understanding that aperiodic TRS leads to performance degradation due to “one-shot sync”, but it can be BS implementation to accept this degradation to avoid potentially more critical issue such as TRS overhead in FR2. It should be noted that UE is not able to do any optimization for “one-shot sync”, and optimization of performance of “one-shot sync” cannot be a burden of UE implementation. We think it may be a concern for Alt.2 from UE perspective. That’s also the reason that we propose to connect aperiodic TRS with CSI reporting, which let BS know the actual channel quality due to “one-shot sync”. Frankly speaking, the connection between aperiodic TRS and CSI reporting especially for Alt.2 is not so clear in term of standardisation impact, which could be none (if we don’t want to optimize the overhead of separate use of CSI-RS for CSI acquisition and TRS), or some (if we want to optimize). We think at this stage it is a compromise way that standardisation impact is not introduced. But, maybe it is better to add a note for Alt.2, e.g. “filtering between different occasions of aperiodic TRS is not assumed by UE, if aperiodic TRS is not associated with a periodic TRS”. 

The following figure shows our understanding for Alt.1 and Alt.2.
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2.7 TRS for SCell activation

vivo(3826) has the following proposals related to TRS for SCell activation,

· The semi-persistent TRS can be configured for SCell activation, since the SCell activation and the semi-persistent CSI-RS both reside in the MAC CE command

· The aperiodic TRS can be triggered for SCell activation using MAC CE. The reason is also that since the SCell is activated using MAC CE command, the corresponding aperiodic TRS to assist the tracking can also reside in the command altogether

· The aperiodic TRS should be triggered for the UE during SCell de-activated state

OPPO(4003) considers that the UE doesn’t need to monitor TRS during SCell de-activated state. 

Huawei(4443) thinks that the periodic TRS for SCell activation should be taken into account, since periodic TRS is treated as mandatory.

Intel(4723) proposes that the control signalling enhancement to activate periodic TRS in SCell is not supported in Rel-15, since it belongs to optimization.

So the issue is whether the periodic TRS can be used for tracking during SCell deactivated state. And once aperiodic TRS is agreed to support in Rel-15, what’s the triggering mechanism for aperiodic TRS (see vivo proposals).

The companies’ comments can be expressed below,
	Intel
	This is an enhancement. Not essential issue.

	ZTE, Sanechips
	Support semi-persistent TRS.

	Huawei, HiSilicon
	Agree with Intel. No support SP-TRS.

	OPPO
	Periodic TRS on the SCell can be configured to a UE, but the UE will not receive the TRS until the activation signalling for the SCell is received. 

If aperiodic TRS is agreed for Rel-15, only DCI (UL grant) triggering is supported

	Ericsson
	Support SP-TRS if also aperiodic TRS is agreed. 


2.8 TRS burst length X=1
vivo(3826) and E///(4986) proposes that X=1 should also be applicable to the frequency range 1, since it is possible that for some scenario, for example dynamic TDD, there may not have consecutive downlink slots. 

	Based on the first round discussion, there are three proposals,
· Alt. 1: For FR1, don’t support X=1, but the TRS symbols can be truncated under dynamic TDD 
· Supporting companies: MTK
· Note: the concept is the same as the reduced DMRS symbol number when the PDSCH duration is changed
· Alt. 2: For FR1, don’t support X=1

· Supporting companies: HW, Hisi

· Alt. 3: For FR1, support X=1

· Supporting companies: ZTE, Sanechips, Samsung, E///, Nokia, Spreadtrum



The companies’ comments can be expressed below,
	Spreadtrum
	We support Alt.3, because:

· It is suitable for dynamic TDD;

· It has smaller overhead;

· The accuracy decreasing of frequency error estimation seems small from some simulation results, when X=1 is applied.

	
	


2.9 TRS periodicity

Huawei(4443) still thinks 5ms periodicity should be supported for periodic TRS.

E///(4986) would like to reconfirm that, TRS periodicities smaller than 10ms are not supported.
	Based on the first round discussion, there are three proposals,
· Alt. 1: Reconfirm that TRS periodicities smaller than 10ms are not supported

· Supporting companies: E///, Intel, Nokia, Samsung, MTK

· Alt. 2: Support 5ms additionally

· Supporting companies: HW, Hisi

· Alt. 3: Support 5ms, 4ms and 8ms additionally

· Supporting companies: ZTE, Sanechips
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