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Discussion
1 Introduction
The contribution consists of two parts. The first part in section 2 is the specification refinement based on the agreement for TRS. The second part in section 3 is to capture the proposals from the companies of looking for agreement. 

2 Specification refinement based on the agreement
The agreement on TRS BW, TRS symbol position and UE expectation captured in chairman notes are shown below.
2.1 TRS BW, symbol positioning, UE expectation
	Agreements: (90)

· For a connected mode UE, UE is expected to receive UE-specific RRC configuration of TRS at least for sub-6 GHz

· Before receiving the RRC configuration of TRS, FFS

Agreement  (90bis)

Following TRS BWs are supported in NR

min(BWP, ~50RBs)
FFS: BWP

UE is not expected to receive TRS outside the BWP

TRS RB position is configured by gNB

Agreement:  (90bis)

· TRS can be configured as one-port CSI-RS resource(s) with the agreed parameters on St, Sf, N, B, X and Y

· FFS on one or multiple resources

· Note: TRS is also supported in above-6GHz

· FFS on the parameters X, N, St

· FFS: TRS periodicity

· For below 6GHz, TRS periodicity 10ms, 20ms, 40ms and 80ms are supported

· For RAN4 information, 10ms is introduced for high speed train scenario

· Note: It is up to the editor to capture the periodicity in units of slots

· TRS BW can be equal to BW of BWP

· UE is not expected to be simultaneously configured with TRS BW equal to BWP and TRS periodicity of 10ms if the BWP is larger than 50 RBs 

· FFS on CSI-RS measurement restriction functionality can be configured between TRS bursts

· Sf=4

· FFS: Additional Sf values 

· for below 6GHz

· FFS on X=1

Agreement: (91)
· The following TRS symbol positions are supported

· Symbol 4 and 8

· Symbol 5 and 9

· Symbol 6 and 10

· Note 1: The symbol index starts from 0

· Note 2: TRS in each slot of a TRS burst has the same symbol position




The current text content in 38.214 is shown here.
	5.1.6.1.1
CSI-RS for tracking

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

-
the time-domain locations of the two CSI-RS resources in a slot is given by one of [image: image1.wmf]{
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-
a single port CSI-RS resource with density [image: image4.wmf]3
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 given by Table 7.4.1.5.2-2

-
the bandwidth of the CSI-RS resource is minimum of 50 or [image: image5.wmf]i
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-
the periodicity is one of 10, 20, 40, or 80 ms

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.




The merged text proposal is shown here:

	Merged proposal 

from

MTK,
vivo,
OPPO,
E///,
QC
	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 for tracking 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-Resource 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 resourceMapping,  is given by one of [image: image6.wmf]{
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-
a single port CSI-RS resource with density [image: image9.wmf]3

=
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 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: image10.wmf]i
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 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 [image: image13.png]


 slots where [image: image15.png]


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
-
the higher layer parameter ReportQuantity is set to ‘No Report’ for all resources 



The following is the on-line agreement.

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

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-Resource 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 resourceMapping,  is given by one of [image: image16.wmf]{
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-
a single port CSI-RS resource with density [image: image19.wmf]3

=
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 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: image20.wmf]i
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 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 [image: image23.png]


 slots where [image: image25.png]


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
-
the higher layer parameter ReportQuantity is set to ‘No Report’ for all resources 



Also, based on previous agreement,

	Agreement

· Nmax=6 
· Including both CMR and/or NZP/ZP CSI-RS based IMR

· Each trigger state is associated one or multiple ReportConfigs where each ReportConfig is linked to one or two or three P/SP/AP CSI-RS resource setting(s)

· When one resource setting is configured, the resource setting is for channel measurement for beam management.

· When two resource settings are configured, the first one resource setting is for channel measurement and the 2nd one is for interference measurement (for ZP or NZP).

· When three resource settings are configured, the first one resource setting is for channel measurement, the 2nd one is for ZP based interference measurement and the 3rd one is for NZP based interference measurement.

· If a resource setting linked to a ReportConfig has multiple aperiodic resource sets and only a subset of the aperiodic resource sets is associated with the trigger state, a bitmap (with the bitwidth Nbit =number of resource sets in a resource setting.  Number of one(s) in the bitmap None = 1 for CSI acquisition) is RRC configured per trigger state per resource setting to select CSI-IM/NZP CSI-RS resource set(s) from the resource setting.    

· FFS on None for multiple TRP cases

· FFS: 1<= None <=Nonemax (FFS) for beam management

· Support CSI-RS configuration (including aperiodic triggering) with or without report at least for P3 BM, and for the case of non-codebook based UL transmission (FFS for TRS).  This can be achieved by configuring “No report” in reportQuantity in ReportConfig.




The new proposal for the change are

	Proposal 1: Change the NZP-CSI-RS-Resource to NZP-CSI-RS-ResourceConfig
                       Change resourceMapping to CSI-RS-ResourceMapping
                       Change csi-RS-Density to CSI-RS-Density
                    Change csi-RS-FreqBand to CSI-RS-FreqBand
                    Change csi-RS-timeConfig to CSI-RS-timeConfig
Proposal 2: adopt the original proposal
-  the higher layer parameter ReportQuantity is set to ‘No Report’ for all resources 
Proposal 3:

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: image26.wmf]{
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One FFS term should be brought up here according to the feedback from RAN4. RAN4 is now defining the PSCell addition delay and SCell activation delay requirement. They are not sure whether TRS can be enabled during deactivated state. 
	· FFS and clarification on whether TRS is enabled during deactivated state


The comments from the companies can be written here.
	Intel
	“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’.” This is agreed for FR1 only. For FR2, sometimes the gNB does not need to configure TRS, since we can have PTRS for tracking.

We suggest to define both X=1 and X=2 for FR1 and FR2. So we cannot agree second paragraph.

Some part of the following two sentences are new proposals which does not have clear agreements. We should discuss it at section 3.

“The periodic CSI-RS resources in the CSI-RS resource set for tracking have the same periodicity, bandwidth and subcarrier location.” Have we agreed when collision between TRS and other signals happen, other signals should always be punctured?

“same Pc and Pc_SS value across all resources” This has not been agreed and its benefit is unclear.


	ZTE/Sanechips
	It is better to make RAN1 spec. transparent to frequency ranges.  So we suggest to make X=1 or 2 configurable and remove the description of frequency range. 

	Samsung
	Not sure what is the exact meaning of “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’.”. Does it mean that the gNB shall configure TRS to UEs in RRC connected mode?

	Qualcomm
	The text looks good to us. A reply to Intel’s comment on the assumption for the UE in RRC connected mode: Using PTRS to get QCL parameters has not been discussed, or evaluated, or agreed for QCL assumptions (The QCL assumptions in previous meeting for above 6 GHz say that TRS is used for: average delay, Doppler shift, delay spread, Doppler spread estimation).

	Ericsson
	I don’t see the need for “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’” in 214. This would imply that we specify gNB behavior, which is not what we do, we specify UE behavior. The presence of TRS should be achieved by testing assumptions in RAN4/RAN5.

	MTK
	1, Same view as QC of being doubtful on using PTRS for the parameter estimation. When PTRS is present, it is up to UE implementation to use it for the parameter estimation. The TRS should be the main resource to provide the parameter estimation

2, to Samsung, our understanding is YES, the UE in connected mode shall be configured with TRS

3, to Intel, the CSI-RS resources in a CSI resource set for TRS purpose are from the same antenna port. We don’t expect any power difference among them. This is why same Pc and Pc_SS

	Huawei
	Generally agree with Qualcomm and MTK on the need of “A UE in RRC connected mode is expected to receive …”. The proposed text is generally acceptable to us. 

The text can be improved for “the bandwidth of the CSI-RS resource, as given by the higher layer parameter csi-RS-FreqBand, is the minimum of 50 or [image: image29.wmf]i
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Possible agreement:
	


2.2 Whether the working assumption is confirmed

	Working Assumption
· 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

· FFS on the applied scenario of X=1 and X=2




The comments from the companies can be written here.

	MTK
	We tend to keep same configuration of using X=2 and N=2+2 for both FR1 and FR2. We tend to remove X=1 for FR2 

	Huawei
	Agree with MTK


3 Proposals of looking for the agreement

3.1 DCI triggered aperiodic TRS
	· Apply DCI triggered aperiodic TRS for above 6GHz as an alternative to a periodic TRS (E///)

· Avoid analog beamforming related scheduling restriction

· Support DL and UL DCI triggered aperiodic TRS for several use cases (QC)

· SCell activation
· BWP switching

· Multi-beam change

· C-DRX

· I-DRX

· Aperiodic TRS is not supported (HW)
· Due to potential increasing RS overhead

· If periodic TRS is not aligned with DRX ON, the UE can wake up to acquire TRS and then sleep until DRX ON. The power consumption is similar to having aperiodic TRS in front of DRX ON

· Aperiodic CSI-RS transmission may be triggered after DRX ON to assist tracking when the time difference between the closest periodic TRS burst before DRX ON and the timing of DRX ON is > x ms (MTK)
· This approach doesn’t have spec impact. We can instruct RAN4 during their test case design


The comments from the companies can be written here.

	MTK
	·  To consider DCI triggered aperiodic TRS for SCell activation to reduce the activation time, basically, the DCI triggering should happen at PCell, and then the aperiodic TRS happens at SCell during activation. The SCell during activation doesn’t monitor/decode PDCCH.
It is like cross-carrier triggering and probably we can study this in Rel-16. Not for Rel-15.

If the companies do have concern on the delay of SCell activation and PSCell addition, we should further inform RAN4 to take periodic TRS into account RIGHT NOW. The current Tdoc in RAN4 in this AI only consider using periodic SSB for tracking, making the minimum requirement in NR for the activation delay looser than that in LTE

·  The concern of having aperiodic TRS in I-DRX for paging reception is, the paging can also come with a certain number of beams. Then the aperiodic TRS should also be transmitted with a certain number of beams, which will be the increase of RS overhead.
The equation for PF and PO can be adjusted to close to I-DRX ON. We can send LS to RAN2 to check the feasibility.        



	Intel
	· Support aperiodic TRS with regard to beam switching. Otherwise when beam switching happens the UE has to wait until next TRS transmission.

	ZTE/Sanechips
	· The benefit of AP-TRS is not clear enough. Suggest considering it in Rel-16.

	Qualcomm
	Support aperiodic CSI-RS resource set with TRS-INFO set as ‘ON’. Note: One of the resources in this set can still be used for aperiodic CSI feedback or aperiodic RSRP. There are many reasons why an aperiodic CSI-RS resource set should be allowed to be set to TRS-INFO=“ON”. 

Specifically:

· SCell activation 

· Without aperiodic TRS, SCell activation can be delayed further up to TRS periodicity (max 80 ms on top of SCell activation procedure delay).

· For SCell activation, network can activate SCell followed by aperiodic TRS, aperiodic CSI-RS. After SCell activation, UE can perform tracking based on TRS and CSI estimation and reporting based on CSI-RS. Network would be able to start data transmission based on reported CSI.

· BWP switching

· Upon BWP switching especially including RF retuning, a new reference signals for tracking is desirable before starting proper data reception.

· Similar to SCell activation, BWP switching can exploit aperiodic TRS and aperiodic CSI-RS for faster link adaptation.

· Multi-beam change 

· Without aperiodic TRS, data reception can be delayed up to TRS periodicity in addition to other delays involved with beam change.

· Practically it is assumed that UE is not tracking TRS from multiple beams simultaneously

· With PDSCH beam change, proper data transmission can start after tracking and CSI reporting based on aperiodic TRS and aperiodic CSI-RS. 

	Ericsson
	Supported triggered aperiodic TRS in RRC connected mode for FR2 in Rel-15.

	Huawei
	We do not see the need to introduce aperiodic TRS.


Possible agreement:
	


3.2 Increase TRS symbol position for FR2

	· To consider multi-beam periodic TRS for FR2, increase TRS symbol position at symbol 7 and 11 (MTK)

· Then in a slot, 4 TRS beams can be allocated


The comments from the companies can be written here.

	MTK
	· For FR2, the TRS transmitted by one wide beam may not be received by all UEs. Then the TRS with several beams should be transmitted.

     To transmit TRS with different beams, the TRS can be allocated at different  symbol pairs in a slot, and/or at different slots.

     The allowed number of beams for TRS is not specified. It could be equal to the number of beams for SSBs, or up to gNB implementation. When the TRS with different beams by different symbol pairs are transmitted in a slot, it is likely that the PDSCH can’t be FDMed with TRS, due to the association with different beams. As such, the whole slot can be only used to transmit TRS with different beams, and without any PDSCH transmission.



	Intel
	Suggest to keep current agreed symbol index.

	ZTE/Sanechips
	We are ok to increase TRS symbol positions no matter which frequency range.

	Qualcomm
	Some preference to keep the current symbol indeces.

	Ericsson
	No strong view

	Huawei
	Prefere to keep the current symbol locations without additional one.

	LGE
	We are ok with this proposal. It seems useful to reduce resource waste when TRS and PDSCH are not FDMed in the same slot.


Possible agreement:
	


3.3 Support X=1 for FR1
	· X=1 is also supported for FR1. UE can report the need of X=1 or X=2 as UE capability (Intel)
· X=1 for both FR1 and FR2 (vivo, nokia)
· for the scenario where the consecutive downlink slots can’t be configured (vivo)




The comments from the companies can be written here.

	MTK
	·  TRS pattern of X=2 and N=2+2 can be automatically truncated as X=1 and N=2 for the particular scenario where the consecutive downlink slots are not achievable. We can capture the truncation behaviour in specification
· For the normal case, we tend to keep X=2 and N=2+2 for FR1. It gives the UE flexibility on algorithm design for frequency offset/Doppler spread/time delay/delay spread estimation
· The NR specification is very flexible. As such it is very reasonable to allow the UE to have flexibility on receiver algorithm design, especially for the potential issues happening in the field

	Intel
	Support X=1. 2-slot based format may have AGC issue, since the UE may use different AGC factors to receive signal in different slots.

	ZTE/Sanechips
	Support X=1,2 for both FR1 and FR2.

	Samsung
	X=1 for both FR1 and FR2

	Qualcomm
	We tend to prefer X=2 for FR1. 

	Ericsson
	Support X=1,2 for both FR1 and FR2 from RAN1 perspectiv. Up to RAN4/5 to decide on test case.

	Huawei
	X=2 for FR1 and no introduction of other options.

	LGE
	Support X=1 for both FR1 and FR2.

	Nokia
	Support  X=1,2 for both FR1 and FR2.


Possible agreement:
	


3.4 Joint use of TRS (X=1 and N=2) and SSB
	· To enable support for the joint use of different CSI-RS resource configurations and SSB resources, new RRC parameter, i.e. TRS-INFO-SSB, is proposed to be included as a part of CSI-RS resource set (Nokia)
· Support for below and above 6GHz, the joint use of CSI-RS based TRS configuration (X=1, N=2) and SSB resource configurations


The comments from the companies can be written here.

	MTK
	· There is agreement to say that,

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

Agreement:
QCL after RRC for below 6GHz

SSB ( TRS: Doppler shift, average delay

Agreement:
RS combinations holding QCL assumptions after RRC for above 6 GHz, for one CC:

· SSB ( TRS w.r.t average delay, Doppler shift, spatial RX parameters

   Therefore, it is up to UE implementation to jointly use SSB and TRS in the same slot. For X=2 TRS, it is also possible that one slot in the burst has SSB. It is again up to UE implementation to jointly use SSB and TRS. We don't see any spec impact
   For FR2, it may not be possible to TDM SSB and TRS in the same slot when there are multiple SSBs in the slot


	Intel
	Support TRS-INFO-SSB

	Samsung
	Joint use of RSs/channels for TF tracking is UE implementation issue

	Huawei
	 This is up to implementation and no standards discussion is needed.

	Qualcomm
	Same view with MTK, Samsung. Support of this does not seem necessary

	LGE
	We have the same view as in Samsung.

	Nokia
	Support TRS-INFO-SSB. By enabling the use of SSB + X=1, the same functionality can be supported as with X=2 with reduced refence signal overhead.


Possible agreement:
	


3.5 support TRS periodicity = 5ms

	· The TRS periodicity 5ms should be supported (Intel)


The comments from the companies can be written here.

	MTK
	It is actually not needed

	Intel
	Since aperiodic TRS is not supported, 5ms should be considered for fast beam switching UEs. 

	ZTE/Sanechips
	4ms/8ms/16ms should also be supported besides 5ms. This is beneficial on agreed DL/UL slot formats, e.g. 2ms slot periodicity

	Qualcomm
	Supporting aperiodic TRS is way to proceed if we need fast beam switching of UEs. Introducing a smaller periodicity (which has already been debated online a lot) does not solve this problem. We are ok to introduce 4/8/16 msec for CSI-RS, but for TRS, it has been debated a lot, and having something less than 10msec was rejected before. 

	Ericsson
	Been discussed and analysed extensively by simulations, no need for lower than 20ms periodicity has been found. Note the agreed 10ms in only for high speed train case (500 km/h).

	Huawei
	Support.

	LGE
	There is no need to support 5ms. Also, it may results in excessive overhead.

	Nokia 
	No need for periodicity less than 20ms.   


Possible agreement:
	


3.6 Handling the case when TRS is not configured
	· Support UE to request the TRS to be configured as ‘ON’


The comments from the companies can be written here.

	Intel
	It is still possible that TRS is not configured. For some UEs, e.g. UEs that are not moving, TRS may not be necessary. SSB and PT-RS can be used for frequency offset tracking. But for some other UEs, e.g. UEs with a high moving speed, TRS may be important. Then for those UEs, if TRS is not configured, it can request the TRS to be set as ‘ON’.

	ZTE/Sanechips
	It can be studied in Rel-16.

	Qualcomm
	We believe that a UE in RRC connected mode should expected to receive a TRS configuration, and it should not be based on a request. As described in a previous comment, PT-RS has not been agreed to be used for QCL parameter estimation (Doppler shift/spread), it is dependent on the allocation, and only for specific MCSs. Also, it is not typical for a UE to request an action from the gNB. 

	Ericsson
	No need. UE cannot request gNB to make a configuration of anything.

	Huawei
	Agree with Qualcomm.

	LGE
	There is no obvious reason to support it. If supported, also, its spec impact may not be small (e.g. which UL resource is used for request, how to configure the resource, …).
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