[bookmark: _Ref452454252]3GPP TSG-RAN WG1 Meeting #92	R1-1801670
Athens, Greece, 26th February – 2nd March, 2018


Agenda item:		7.1.2.3.6
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Source:	MediaTek Inc.
Title:	Remaining issues on TRS 
Document for:		Discussion

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 of TRS.

2 Issues
2.1 multi-beam TRS
	Agreement:
Mechanism to indication of source QCL for a resource:
P-CSI-RS – through RRC configuration
FFS: If the spatial QCL can be configured through a reference to a configured TCI state
SP-CSI-RS – configuring the resource(s) through RRC, activation/deactivation through MAC-CE;
The QCL for SP- CSI-RS is indicated in the same MAC-CE message that activates the SP- CSI-RS. 
The QCL is provided through an association with one of the M candidate TCI states
AP-CSI-RS – 
Through DCI (AP-CSI-report-triggering state indication)
For each AP-CSI-RS resource associated with each triggering state, QCL configuration is provided through an association with one of the M candidate TCI states by RRC
FFS: Value of M
FFS: TCI association on NZP-CSI-RS/ZP-CSI-RS based IMR

Agreement:
QCL types A: Doppler shift, Doppler spread, average delay, delay spread
QCL types B: Doppler shift, Doppler spread
QCL types C: average delay, Doppler shift
QCL types D: Spatial Rx



There is one issue on acquiring the spatial Rx parameter for TRS, and on acquiring the spatial Rx parameter for PDSCH.

From the agreement above, the source RS is configured through RRC for the target RS, which is TRS, for providing the spatial Rx parameter. For PDSCH, the TCI state for FR2 will basically specify two RS, one for type-A parameter and another for type-D (spatial Rx) parameter.

The question arises that whether it is the same Rx beam for both TRS and PDSCH. In our understanding. In our view, it should be the same Rx beam to receive the indicated TRS and the scheduled PDSCH.

The TRS beam could be wider for RS overhead consideration. There could be a couple of beams for CSI-RS and the scheduled PDSCH in the indicated TRS beam, as shown in Fig. 2. If there are two RF chains at the gNB transmission, the gNB can transmit signals with two different beams in FDM manner in the same OFDM symbols. If the indicated TRS and the scheduled PDSCH are in the same OFDM symbol, the UE can receive both by using the same Rx beam. On the other hand, the indicated TRS and the scheduled PDSCH can’t be allocated in the same symbol if they need to be received by different Rx beams.
[image: ]
Fig. 1, Different TRS beams are transmitted at different symbol positions
[image: ]
Fig. 2, A couple of narrower CSI-RS or PDSCH beam inside a wider TRS beam

Observation 1: It is feasible to implement multi-beam periodic TRS in TCI state. In each TRS beam, there could be multiple CSI-RS for BM. For example in TCI state 0, TRS #1 for type A QCL and CSI-RS #1 for type D QCL. In TCI state 1, TRS #1 for type A QCL and CSI-RS #2 for type D QCL, and so on

Observation 2: The TRS acquires the spatial Rx parameter from the CSI-RS for BM configured by RRC. The PDSCH acquires the spatial Rx parameter from the CSI-RS for BM indicated by DCI. There is uncertainty that whether the Rx beam for TRS and PDSCH can be identical

Proposal 1: Need to clarify that whether the Rx beam for the indicated TRS and the scheduled PDSCH is the same

2.2 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 2: The number of TRS ports for simultaneous tracking is 2

Proposal 3: Consider that periodic TRS and periodic SSB have the same maximum of the beam number, which is 64

2.3 Whether the periodic TRS is present in SCell deactivated state during the activation procedure?

The TRS is designed to support fine time/frequency tracking in connected state. The UE can acquire TRS configuration through RRC.

In LTE, the SCell activation procedure is complete when the UE reports valid CQI measured in SCell. During the SCell activation procedure which starts from receiving MAC CE activation command, the UE needs to retune the RF and perform the synchronization.

The activation delay requirement for a known SCell in LTE is 24ms specified in 36.133, and 34ms for an unknown SCell. The minimum requirement of NR could be looser than that of LTE in terms of the activation delay time, since only the periodic SSB is considered for defining the minimum requirement in RAN4.

Our view is, the RRC connection has been established through the PCell. Then the UE should be able to acquire the periodic TRS parameter in SCell. As such, during the SCell activation procedure, the UE can actually know the TRS position in SCell to facilitate the synchronization. 

Proposal 4: It is feasible to consider periodic TRS in SCell deactivated state during the activation procedure. RAN1 can reach the agreement and capture in the chairman notes

Proposal 5: The text proposal for 5.1.6.1.1 in 38.214 is,

	[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’. A UE is expected from the PCell to receive the higher layer UE specific configuration of a CSI-RS resource set for tracking in SCell, and receive from the PCell the higher layer parameter TRS-INFO set as ‘ON’ for the CSI-RS resource set for tracking in SCell. 





2.4 Issue of TRS overhead

It is agreed that TRS should support FR2. Then it is not possible to have one wide beam on TRS to cover a sector of a cell. It was pointed out [1] that the RS overhead is the concern under multi-beam operation, and the aperiodic TRS was proposed [1] as an alternative solution for overhead reduction, and the aperiodic TRS is transmitted together with data transmitted to the same UE.

The PRB bundling AI concludes that one of the PRG size is the “scheduled bandwidth”. It is believed that the use case happens at FR2. In Fig. 1, when aperiodic TRS is scheduled together with PDSCH to the same UE, the TRS symbol is actually behind the front loaded DMRS symbol. When the scheduled bandwidth is large, the UE can actually start to perform parameter estimation by using the front loaded DMRS, and there is no need to wait until the TRS symbol. Then the significance of having TRS for fine time and frequency tracking is reduced.

The root cause of the TRS overhead lies in the number of beams in FR2. To consider that the FR2 may not support high speed scenario, the resolvable frequency offset range can be reduced in order to exchange with better estimation accuracy. TABLE 1 shows the resolvable range under different SCS and St.

Note that, the frequency offset estimation accuracy is determined by the spacing between two TRS symbols and the number of TRS RE pair for delay correlation. The latter is controlled by the density in frequency domain and the TRS BW. The current agreement of spacing in time domain is St= 4 symbols. Under SCS=120KHz, the resolvable frequency range is +- 14KHz. One solution to reduce periodic TRS overhead is to consider looser density in frequency domain and larger spacing between two TRS symbols. Therefore we propose Sf = 6 (density=2) and St = 7 for FR2.

If it is common to schedule large and consecutive bandwidth to the UE at FR2, the TRS periodicity can consider be longer, for example using 40ms as the default value since the DMRS with same precoder under large bandwidth can perform parameter estimation with sufficient accuracy.

Table 2 shows the TRS overhead calculation. The CSI-RS, or TRS can be FDMed with PDSCH in the same symbol if there are two RF chains for transmitting different analog beams. Note that, the CSI-RS or TRS and the PDSCH in the same OFDM symbol may not be for the same UE. 

[image: ]
Fig. 1, If PDSCH is scheduled with a large and consecutive BW, the UE can start to perform parameter estimation from FL DMRS. No need to wait until the symbol for aperiodic TRS


	
	SCS=15KHz
	SCS=30KHz
	SCS=60KHz
	SCS=120KHz

	St=2
	+-3.5KHz
	+-7KHz
	+-14KHz
	+-28KHz

	St=3
	+-2.3KHz
	+-4.6KHz
	+-9.2KHz
	+-18.4KHz

	St=4
	+-1.75KHz
	+-3.5KHz
	+-7KHz
	+-14KHz

	St=5
	+-1.4KHz
	+-2.8KHz
	+-5.6KHz
	+-11.2KHz

	St=7
	+-1KHz
	+-2KHz
	+-4KHz
	+-8KHz

	St=14
	+-500Hz
	+-1KHz
	+-2KHz
	+-4KHz


Table 1, Resolvable range for different symbol spacing (R1-1719581) 

	
	Two RF chains ( TRS and PDSCH can be transmitted in FDM with different beams, and it doesn’t assume TRS and PDSCH for same UE)
	One RF chain (only one beam is transmitted per OFDM symbol)

	4 TRS symbols in a TRS burst
density = 3 in freq domain
Y= 20ms, SCS=120KHz, n beams
	n*4/(160*14)/4 = 0.045*n %
· n=64  2.86%
	n*4/(160*14) = 0.178*n %
· n=64  11.4%

	2 TRS symbols in a TRS burst
density = 3 in freq domain
Y= 20ms, SCS=120KHz, n beams
	n*2/(160*14)/4 = 0.022*n %
· n=64  1.43%
	n*2/(160*14) = 0.089*n %
· n=64  5.7%

	2 TRS symbols in a TRS burst
density = 2 in freq domain
Y= 20ms, SCS=120KHz, n beams
	n*2/(160*14)/6 = 0.0149*n %
· n=64  0.95%
	n*2/(160*14) = 0.089*n %
· n=64  5.7%

	4 TRS symbols in a TRS burst
density = 3 in freq domain
Y= 40ms, SCS=120KHz, n beams
	n*4/(320*14)/4 = 0.022*n %
· n=64  1.43%
	n*4/(320*14) = 0.089*n %
· n=64  5.7%

	4 TRS symbols in a TRS burst
density = 2 in freq domain
Y= 40ms, SCS=120KHz, n beams
	n*4/(320*14)/6 = 0.0149*n %
· n=64  0.95%
	n*4/(320*14) = 0.089*n %
· n=64  5.7%


Table 2, TRS overhead comparison

Observation 4: When the aperiodic TRS is scheduled together with PDSCH to the same UE, the TRS symbol is actually behind the front loaded DMRS symbol. When the scheduled bandwidth is large, the UE can actually start to perform parameter estimation by using the front loaded DMRS, and there is no need to wait until the TRS symbol

Observation 5: The frequency offset estimation accuracy is determined by the spacing between two TRS symbols and the number of TRS RE pair for delay correlation. The latter is controlled by the density in frequency domain and the TRS bandwidth

Proposal 6: One solution to reduce periodic TRS overhead is to consider looser density in frequency domain and larger spacing between two TRS symbols. We propose Sf = 6 (density=2) and St = 7 for FR2

Proposal 7: If it is common to schedule large and consecutive bandwidth to the UE at FR2, the TRS periodicity can consider be longer, for example using 40ms as the default value since the DMRS with same precoder under large bandwidth can perform parameter estimation with sufficient accuracy.

2.5 Capture the measurement restriction agreement into specification

It is agreed in below that TRS doesn’t support measurement restriction. The reason is, the parameter estimation for tracking is basically a recursive manner. For example, the compensated value for frequency offset is accumulated. The loop filter is applied before the accumulation. So if the measurement restriction is enabled, the compensation can be only based on the most recent value on the estimation occasion. As such it loses the spirit of tracking.

The measurement restriction on CSI-RS defines how CSI reporting is computed based on the CSI resource. The TRS doesn’t report. So the measurement restriction for TRS is to define how parameter estimation, such as Doppler shift, Doppler spread, time delay and delay spread is computed based on the TRS resource.

	
Agreement: (#91)
· Measurement restriction is not supported for TRS




Unlike CSI-RS, the TRS doesn’t define the reference resource. Let’s try to leverage the wording of describing the higher layer parameter MeasRestrictionConfig-time-channel for CSI measurement and make it applicable to the TRS case. So we propose that, 






[bookmark: _GoBack]Proposal 8: Add the following text to 5.1.6.1.1 in 38.214 to capture measurement restriction not applicable to TRS
	
The UE is not expected to derive the indicated QCL type measurement based on only most recent occasion of NZP CSI-RS resources in the indicated CSI-RS resource set for tracking.





3 Conclusion

Observation 1: It is feasible to implement multi-beam periodic TRS in TCI state. In each TRS beam, there could be multiple CSI-RS for BM. For example in TCI state 0, TRS #1 for type A QCL and CSI-RS #1 for type D QCL. In TCI state 1, TRS #1 for type A QCL and CSI-RS #2 for type D QCL, and so on

Observation 2: The TRS acquires the spatial Rx parameter from the CSI-RS for BM configured by RRC. The PDSCH acquires the spatial Rx parameter from the CSI-RS for BM indicated by DCI. There is uncertainty that whether the Rx beam for TRS and PDSCH can be identical

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: When the aperiodic TRS is scheduled together with PDSCH to the same UE, the TRS symbol is actually behind the front loaded DMRS symbol. When the scheduled bandwidth is large, the UE can actually start to perform parameter estimation by using the front loaded DMRS, and there is no need to wait until the TRS symbol

Observation 5: The frequency offset estimation accuracy is determined by the spacing between two TRS symbols and the number of TRS RE pair for delay correlation. The latter is controlled by the density in frequency domain and the TRS bandwidth

Proposal 1: Need to clarify that whether the Rx beam for the indicated TRS and the scheduled PDSCH is the same

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

Proposal 3: Consider that periodic TRS and periodic SSB have the same maximum of the beam number, which is 64

Proposal 4: It is feasible to consider periodic TRS in SCell deactivated state during the activation procedure. RAN1 can reach the agreement and capture in the chairman notes

Proposal 5: The text proposal for 5.1.6.1.1 in 38.214 is,

	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’. A UE is expected from the PCell to receive the higher layer UE specific configuration of a CSI-RS resource set for tracking in SCell, and receive from the PCell the higher layer parameter TRS-INFO set as ‘ON’ for the CSI-RS resource set for tracking in SCell. 





Proposal 6: One solution to reduce periodic TRS overhead is to consider looser density in frequency domain and larger spacing between two TRS symbols. We propose Sf = 6 (density=2) and St = 7 for FR2

Proposal 7: If it is common to schedule large and consecutive bandwidth to the UE at FR2, the TRS periodicity can consider be longer, for example using 40ms as the default value since the DMRS with same precoder under large bandwidth can perform parameter estimation with sufficient accuracy.

Proposal 8: Add the following text to 5.1.6.1.1 in 38.214 to capture measurement restriction not applicable to TRS
	
The UE is not expected to derive the indicated QCL type measurement based on only most recent occasion of NZP CSI-RS resources in the indicated CSI-RS resource set for tracking.
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