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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 Aperiodic TRS association with periodic TRS

HW(5962), MTK(6806) propose that the aperiodic TRS and the associated periodic TRS should have the same symbol position and subcarrier location. The reasons are,
· There is no significant benefit why they need to be different between periodic TRS and aperiodic TRS

· Any combination needs to be verified from implementation point of view. It costs engineering effort
Samsung(6726) proposes that the aperiodic TRS and the associated periodic TRS may have different symbol position and subcarrier location, since the impact to the performance is not significant.
QC(7350) thinks it is reasonable to be same subcarrier location for aperiodic TRS and the associated periodic TRS. But it is not needed to restrict at same symbol position. 

· We also think that A-TRS and QCLed P-TRS should not be triggered on the same slot. Could companies provide an input on this? 
The companies’ comments can be expressed below.
	Huawei, HiSilicon
	Support the subcarrier location and symbols location of A-TRS should be same as the periodic TRS. 

We have not seen there is any benefit of introducing different frequency and time locations of A-TRS from the periodic TRS. Actually, to introduce the A-TRS in the very late stage, we need to consider the impact of implementation. With the same frequency and time locations, will save much efforts in UE side to implement. Please note that the channel estimation in TRS and CSI-RS for CSI acquisition is different.   

	Samsung
	We don’t see significant benefits by introducing the additional restrictions on the symbol & subcarrier locations for aperiodic TRS.

	Qualcomm
	We also think having same subcarrier location is reasonable from UE complexity standpoint. Also, there is no need to allow A-TRS to be on the same slot with the QCLed P-TRS, so this should also be restricted.

	Ericsson
	We agree with Samsung, in addition, “the UE is not expected to receive a triggered aperiodic TRS in the same slot as the periodic TRS that is associated with the aperiodic TRS” is a reasonable text to add to the spec. 

	LGE
	We agree with Samsung and Ericsson.

	MTK
	We agree that the triggered A-TRS and the associated P-TRS should not happen in the same slot. Actually, we further think that, there is no need to have the triggered A-TRS so close to the associated P-TRS, because it doesn’t make sense. If the triggered A-TRS is close to the associated P-TRS, why not just align the event to the P-TRS?

So, we propose that, 

The UE is not expected to receive the triggered A-TRS within [X] slots from the closest burst of the associated P-TRS

	ZTE
	Share the same view with Samsung, Ericsson and LGE.

	Nokia/NSB
	We share the same view with Samsung, Ericsson, LGE and ZTE.


Based on the above, there are two issues for making decision. One is the structure of A-TRS, and another is A-TRS trigger condition.
· Alt. 1: For frequency range 2, 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, subcarrier location and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources
· Alt. 2: For frequency range 2, 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, symbol position, subcarrier location and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources
· Alt. 3: For frequency range 2, 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 and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources
· Alt. 1: A UE doesn’t expect to receive the triggered aperiodic CSI-RS resource set in the same slot as the associated periodic CSI-RS resource set
· Alt. 2: A UE doesn’t expect to receive the triggered aperiodic CSI-RS resource set within [X]-slot time from the closes burst of the associated periodic CSI-RS resource set

2.2 Relationship between the resource sets configured with trs-Info and repetition separately
QC(7350) proposes that, the physical resources configured with trs-Info can’t belong to the physical resources configured with repetition. Because the previous agreement saying that “A CSI-RS resource set should not be configured with trs-Info and repetition simultaneously” still allows the physical overlapping on two sets with trs-Info and repetition being configured separately.
The concept of this proposal is similar to the one proposed in LGE(6614), saying that “The use of TRS for CSI or beam reporting should be precluded”. The justification is to simplify specification and UE implementation.
The companies’ comments can be expressed below.
	Huawei, HiSilicon
	Fine with the proposal.

	Ericsson
	What if BM CSI-RS and TRS are in the same slot (but on orthogonal resources)? My point here is whether this is a simultaneous reception issue (BM CSI-RS and TRS in same slot) and should be discussed in that agenda instead?

	Intel
	Fine with the proposal.

	MTK
	Support the proposal that the overlapping is not allowed. 

@E///, for the question, it belongs to non-overlapping and we can discuss this in  simultaneous reception AI

	ZTE
	No support. One CSI-RS resource can be used for different purpose if it is configured within multiple resource sets and can reduce resource overhead. 

	Nokia/NSB
	No need to support. We share the same view as ZTE.

	Samsung
	Seems not essential.


Based on the above, it is proposed by slightly re-wording QC(7350),

Proposal: A UE doesn’t expect that any CSI-RS resource in the CSI-RS resource set configured with trs-Info belongs to another CSI-RS resource set configured with repetition
2.3 Relationship between the indicated TCI states and number of periodic TRS resource set for simultaneous tracking
QC(7350) has concern on the relationship in terms of number between the indicated TCI state and the TRS resource set for simultaneous tracking. 

It is natural that, from feature coordinator point of view, one periodic TRS resource set corresponds to a TCI state. So the proposal from QC(7350) after some re-wording is 
· The UE is not expected to be indicated with the number of TCI states more than the reported capability of the TRS resource sets for simultaneous tracking

The companies’ comments can be expressed below.
	Samsung
	We think this issue should be directly handled by the following UE feature:
2-4

TCI states for PDSCH

1. Support number of active TCI states per CC 

2. maximum number of configured TCI states, 



	Qualcomm
	T@Samsung, the problem of the above is that it says “TCI states for PDSCH”, but “TCI states” are global for both PDSCH and PDCCH. If we make this “TCi states” in general in the second column, then indeed this is directly related to this UE feature, but as it stands now, it may seem that there are TCI states for PDSCH and some other TCI states for PDCCC which is not true. What is Samsung understanding on whether 2-4 refers to TcI states for PDSCH, for PDCCH or for both? 

	Samsung2
	@QC, to address that issue, we prefer to revise the UE feature list (2-4) accordingly, rather than define a new association between TRS and TCI states.

	Ericsson
	What is the meaning of indicated here? Does it mean configured by RRC? Or activated by MAC CE? We do agree that the number of tracked TRSs should be the total, counted across both PDSCH and CORESET. Seems like this is a discussion for the UE feature agenda item.  

	Intel
	Support Qualcomm’s proposal. It has been agreed that number of TCI states that UE should track is a UE capability. We can implement this agreements based on this proposal.

	MTK
	We think there are two different interpretation on “track simultaneously”
1, Under CoMP where there are actual data from different TPs and the UE needs to track the timing and freq offset from each TP with actual data transmission
2, Even under a single TP with multiple beam transmission, and the UE is served in one beam. The UE still needs to track the timing and freq offset on the other beams which are not currently applied to the UE and store the corresponding values
We think it is more reasonable to track with actual data transmission. So the indicated TCI state is through DCI and the UE tracks 

For item 2, it is more like that UE needs to track the beams in MAC CE, even though they are not really applied.
If the beam is changed smoothly, we don’t think there is a need to track before being applied



	ZTE
	We do not think the number of TRS and TCI states should be associated. 

	Nokia/NSB
	According to our understanding, each DMRS of PDSCH is associated with periodical TRS resource set. Therefore, UE shall simultaneously track as many TRS sets as states in TCI for PDSCH according to UE capability.


Based on the above, the further discussion is needed, and especially on the clarification of “track simultaneously”.
2.4 TRS antenna port across time instances
Intel(6514) has concern whether the periodic TRS bursts in different time instances are transmitted from the same beam. 

It is understood that, same antenna port assumption among the TRS resources in a burst has been defined in specification. But whether same antenna port assumption across the bursts in different time instances is actually vague in current specification. 

As such, Intel(6514) proposes that same antenna port across the bursts in different time instances should be defined in order to ensure the bursts are transmitted from the same beam.

The companies’ comments can be expressed below.
	Ericsson
	Don’t support, too large gNB implementation restriction. 

	Intel
	It is better that we can clarify this issue, otherwise it is not clear whether averaging can be used to measure P-TRS.

	OPPO
	In order to clearly specify that the CSI-RS resources in a TRS to be transmitted through the same beam, QCL configuration of each CSI-RS resource for periodic TRS should be the same. The configuration with different QCL assumptions should be regarded as an error case from UE perspective.

Some CSI-RS resources share the same antenna ports cannot ensure they use the same transmit beam since there are some discussion on the antenna port of CSI-RS and no consensus is achieved (only the text proposal for DMRS antenna port is agreed).  

	ZTE
	Support the proposal since time/frequency tracking should be accumulated across multiple shots

	MTK
	My understanding is,
· Same antenna port could be quite strong, requiring not just same beam, but also same phase

· To say “maintain the consistent QCL” may remove the ‘same phase’ requirement. Just require same beam across bursts in different time instances 

	Nokia/NSB
	No need to support. We share the same view as Ericsson.


Based on the above, the following alternatives are proposed,

· Alt. 1, Same antenna port across the bursts in different time instances

· Alt. 2, Consistent QCL is maintained across the bursts in different time instances
2.5 TRS report configuration
LGE(6614), OPPO(6843) propose that for both periodic and aperiodic TRS, the resource set configured with trs-Info is always linked to a report setting with ReportQuantity set to ‘none’.

The companies’ comments can be expressed below.
	Samsung
	The resource set configured with trs-Info may not be linked with any report setting. It’s gNB implementation, in our understanding.

	Qualcomm
	@Samsung, A-TRS is triggered that way, so at least for A-TRS we have already agreed to associate with a report setting, otherwise it cannot be triggered. Is the concern of Samsung that the TRS set may be configured with a ReportQuantity that is set to e.g. “CQI” report? What is the UE behaviour in this case? Is the UE expected to use all 2/4 CSIRS resources of the set to calculate CQI? That is not spec compliant as you already now since CQI is estimated using up to 3 REs in each PRB. If the intention is to decrease the overhead of TRS, the gNB can still configure one Report quantity with ‘None’ associated with a TRS set, and another report config with ‘CQI’ report quantity which is linked to one of the resources of that TRS set. 

	LGE
	In addition to A-TRS, resource setting containing NZP CSI-RS resource set configured with ‘repetition’ is always linked to the reporting setting with ReportQuantity set to ‘none’ or ‘cri-RSRP’. For simple specification and consistency, so, we support this proposal.

	MTK
	In CSI-MeasConfig, the CSI-ReportConfigId and CSI-ResourceConfigId happen in parallel. The resourceType (P, SP, AP) is in the CSI-ResourceConfig. And also NZP-CSI-RS-ResourceSetId is in the CSI-ResourceConfig.

As such, it seems feasible for periodic TRS that there is no need to link with reportConfig. Periodic TRS can be configured directly by resourceConfig.

For Aperiodic TRS, link with reportConfig is needed.



Based on the above, it is proposed that,
Proposal: A UE does not expect to be configured with CSI-ReportConfig with the higher layer parameter reportQuantity set to other than ‘none’ for aperiodic CSI-RS resources
2.6 Aperiodic TRS trigger timing
ZTE(5835) proposes that, in order to reduce the latency, the triggering of aperiodic TRS before switching to the target BWP should be supported and the aperiodic TRS can be transmitted in the first slot of the target BWP when it is active.
HW(5962) considers that, the DCI trigger timing for SCell activation and BWP switching doesn’t have RAN1 spec impact and it should be determined by RAN4. Samsung(6726) also has similar view as HW and thinks the impact (pros and cons) should be further studied.

vivo(6053) proposes that the UE may receive the triggered DCI in PCell for aperiodic TRS appearing in SCell after sending ACK for the corresponding MAC message.
The companies’ comments can be expressed below.
	vivo
	Can we also clarify that UE is not expected to receive TRS for inactivate cell or BWP? 

	Qualcomm
	We just need to clarify that For Aperiodic TRS triggering, aperiodic CSI-RS triggering offset can be 0, 1, 2, 3, 4 slots. Note that such an agreement was made for CSI acquisition (and there is no RAN2 spec impact) since already the parameter is there. This can just be a “Note” and no further spec impact is needed. 

	Ericsson
	To be discussed in RAN4 in relation to Scell activation latency. 

	OPPO
	UE is not required to receive TRS in inactive BWP/Cell. How to trigger TRS to ensure that is up to gNB implementation and other constraints is not needed. 

	ZTE
	For BWP switching, we support trigger A-TRS before switching to the target BWP. Then the tracking delay can be reduced. Or else, the benefit of A-TRS is marginal.

	Nokia/NSB
	Continue discussion in RAN4


Based on the above, it is proposed to have a note/conclusion that,

Conclusion: For aperiodic TRS triggering, the triggering offset is the same as that for aperiodic CSI-RS

2.7 Configurations of the number of resource sets for aperiodic TRS with X=2
ZTE(5835) proposes to use two CSI-RS resource sets for the case of an aperiodic TRS burst with X=2.

Spreadtrum(6398) prefers to use one CSI-RS resource set.
The companies’ comments can be expressed below.
	Huawei, HiSilicon
	Support one CSI-RS resource set with 4 CSI-RS resources in 2 slots, which only need a one DCI triggering. 

Actually, in the current spec: “the UE may be configured with a NZP-CSI-RS-ResourceSet of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot.” No change is needed.

	Samsung
	Prefer to use one CSI-RS resource set.

	Qualcomm
	We also prefer one CSI-Re resource as has been agreed.

	Ericsson
	

	Intel
	Agree with Huawei.

	LGE
	For ZTE’s proposal, CSI-RS resources within two CSI-RS resource sets should have the same port, but it is not supported under the current CSI framework. So, we support one CSI-RS resource set although it needs two slot-offsets within a CSI-RS resource set.

	OPPO
	The current specification has not specify how to trigger one CSI-RS resource set with CSI-RS resources transmitted in 2 slots. Thus we need to fix this issue. Compared with other alternatives, a triggering state associated with 2 resource sets is a more straightforward way which can be done via a specific configuration within current framework. 

	ZTE
	Current CSI framework with one CSI-RS resource set cannot support A-TRS with X=2 since timing offset for aperiodic CSI-RS is configured via resource set level basis. If one resource set is agreed for A-TRS, the timing offset of this TRS resource set should be clarified.

	Nokia/NSB
	Share the same view with Huawei.


2.8 TRS burst length X=1 for FR1
vivo(6053), Ericsson(6228), QC(7350) propose 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. 

The companies’ comments can be expressed below.
	Huawei, HiSilicon
	No agree. The same issue have been discussed many times and it is already agreed with only X=2 in FR1. Only FR2 is with X=1 as a compromise. So, we do not need to spend time to discuss it again and again.

	Samsung
	Support the proposal.

	Ericsson
	Support the proposal

	ZTE
	Support the proposal

	MTK
	Same view as Huawei

	Nokia/NSB
	Support the proposal


2.9 Aperiodic TRS for FR1
QC(7350) proposes that aperiodic TRS is also applicable to FR1.

The companies’ comments can be expressed below.
	Samsung
	Support the proposal.

	Ericsson
	Support the proposal. 

	
	

	Intel
	For FR1, we cannot see the benefit for A-TRS. There may not be too many beams in FR1. It is possible that P-TRS can cover all the beams.  

	ZTE
	Support the proposal

	MTK
	Same view as Intel

	Nokia/NSB
	Support the proposal


2.10 Aperiodic TRS 
vivo(6053) proposes that for aperiodic TRS associated with periodic TRS, if UE missed the triggering grant for quite a long time, then there is UE behaviour ambiguity on how to receive signal/channel with the aperiodic TRS as QCL source. 
Proposal 3: 

· If aperiodic TRS is configured as QCL source for another channel/RS and UE does not receive any aperiodic signal within an X window, the periodic RS associated with the aperiodic RS could be used as the QCL source for the channel/RS.

· X is the same as the periodicity of the periodic signals;

· The QCL relationship between the channel/RS and the periodic RS is the same as the configured QCL relationship between channel/RS and the aperiodic RS.

The companies’ comments can be expressed below.
	Huawei, HiSilicon
	Not support. QCL assumption resource should be stable and robust, which should be periodic TRS, but not is aperiodic TRS. Which means the resource of QCL assumption is only from periodic TRS. Aperiodic TRS is following the QCL assumption from the associated TRS.

	Ericsson
	It’s UE implementation, does not need to be specified 

	Intel
	Agree with Huawei.

	LGE
	We have the same view as Huawei.

	OPPO
	Not needed. A more reasonable way is that gNB configures the associated periodic TRS (if needed) as the QCL source rather than aperiodic TRS. 

	MTK
	P-TRS is always the baseline for the UE, and A-TRS is to play assisted role. So we don’t support this proposal

	Nokia/NSB
	No need to support in the specification
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