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This paper summarizes the proposals on CSI-RS submitted to RAN1#94. 
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Power ratio between CSI-RS and PDCCH

Description:
In Section 4.1 of 38.214, the description on assumed power ratio between CSI-RS and PDCCH is ambiguous and incomplete. The ‘PDCCH EPRE’ cannot be a ‘ratio’, and the purpose of having this assumed power ratio is not captured. It is proposed by some companies to refine the wording and also capture the purpose of having this assumption. It is alternatively proposed by some companies to remove the related statement and ask RAN4 to add such assumption in 38.133. It is also proposed by some companies to reintroduce the RRC parameter Pc-PDCCH or fix the power offset to 0 dB for all use cases. 

TP #1:
Text proposal for Section 4.1 in 38.214:
	< Start of text proposal >
he downlink PDCCH EPRE is assumed as tThe ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value ofis assumed to be 0 dB, which is used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133].
< End of text proposal >



TP #2:
Text proposal for Section 4.1 in 38.214:
	< Start of text proposal >
The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.
< End of text proposal >


Send an LS to RAN4 requesting that the 0 dB power offset assumption for computation of BLER on a hypothetical PDCCH is moved to 38.133.

Proposal #3:
· For the EPRE ratio of PDCCH DMRS and CSI-RS, take one of the following alternatives:
· Alt. 1: Re-introduce the RRC parameter Pc-PDCCH (RRC impact). For the purpose of link recovery, the UE may assume that the ratio of downlink PDCCH EPRE to NZP CSI-RS EPRE takes the value of 0 dB.
· Alt. 2: For all purposes, the UE may assume this ratio to be 0 dB. 

Views from companies (1st round):
	Huawei, HiSilicon
	TP #1

	Ericsson
	TP #2. For TP#1, I wonder which CSI-RS resource is referred to? There could be multiple configured to the UE, each with its own power (Pc). Moreover, the text describes an assumed power relation, so it should not be a proposal for Section 4.1. Proposal 3, Alt.1 could be a better solution for an assumed power relation. 

	Qualcomm
	Proposal #3. If Alt. 2 is picked no change is in specification is needed. Technical Explanation of our position: From UE perspective, being able to explicitly or implicitly assume a known ratio for the PDCCH to CSI-RS is important at least for the following functionalities:
· For calculation of BLER of hypothetical PDCCH
· For driving the AGC based on the QCLed TRS, 
· For deriving an SNR estimate for the PDCCH channel estimation block.

	Samsung
	Fine with TP#2 (TP#1 as the second preference).
In our understanding, we don’t need to clarify all the assumptions for hypothetical PDCCH BLER in RAN1 specs.

	ZTE
	Proposal#3 or keep the current specification. 

	OPPO
	OK with TP#2.

	vivo
	Keep the current specification.

	Nokia
	Proposal #3, no change

	Intel
	Proposal#3. We also think that the use case of power offset signalling should be captured.

	CATT
	Agree with Qualcomm that this still should be captured in RAN1 spec, but it is not appropriate to capture this in Power Control Section. As no RRC impact is expected, we suggest to add this to Section5.1.6 of CSI-RS reception procedure as “For the purpose of link recovery, the UE may assume that the ratio of downlink PDCCH EPRE to NZP CSI-RS EPRE takes the value of 0 dB.”



Result from online discussions on Monday
Further offline on power ratio between CSI-RS and PDCCH

Offline proposal:
Alt-1: Re-introduce the RRC parameter Pc-PDCCH in CSI-RS resource configuration, which is the assumed power offset between CSI-RS and PDCCH DMRS. For the purpose of link recovery, the UE may assume that the ratio of downlink PDCCH EPRE to NZP CSI-RS EPRE takes the value of 0 dB.
Support: QC, Intel, LGE
Object: Samsung

Alt-2: Agree to the TP below.
< Start of text proposal >
he downlink PDCCH EPRE is assumed as tThe ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value ofis assumed to be 0 dB.
< End of text proposal >
Support: QC, Intel
Object: Ericsson

Alt-3: Agree to the TP below
< Start of text proposal >
he downlink PDCCH EPRE is assumed as tThe ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value ofis assumed to be 0 dB, when used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133].
< End of text proposal >
Support: Huawei, HiSilicon, CATT, Samsung, Ericsson, LGE
Object: QC

Alt-4: Agree to the TP below
< Start of text proposal >
he downlink PDCCH EPRE is assumed as tThe ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value ofis assumed to be 0 dB, when used for calculation of hypothetical PDCCH BLER described in [11, TS 38.133] and for the QCLed CSI-RS resource with Type-A.
< End of text proposal >
Support: QC, ZTE, Samsung, Ericsson

Common configuration among CSI-RS resources

Description:
It was agreed in RAN1#92b that all CSI-RS resources within a set are configured with the same starting RB, number of RBs and CDM-type. It is proposed to capture this agreement. 

TP #1:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
All CSI-RS resources within one set are configured with same bwp-Id, same nrofRBs, same startingRB, same cdm-Type, same density and same nrofPorts, except for the NZP CSI-RS resources used for interference measurement.
< End of text proposal >



Views from companies (1st round):
	Huawei, HiSilicon
	TP #1

	Qualcomm
	TP #1

	ZTE
	TP #1

	OPPO
	TP #1

	LGE
	TP #1

	vivo
	TP #1

	Ericsson
	TP #1

	Nokia
	TP #1

	Intel
	OK with TP#1

	CATT
	In general, we are ok with TP #1. But current description seems to allow NZP CSI-RS resources for interference measurement to have different bwp-Id, nrofRBs, startingRB. It is not correct. We propose the following TP:

All CSI-RS resources within one set are configured with same bwp-Id, same nrofRBs, same startingRB, same cdm-Type, same density. All CSI-RS resources within one set are configured with same nrofPorts, except for the NZP CSI-RS resources used for interference measurement.



Result from online discussions on Monday
Possible agreement:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
All CSI-RS resources within one set are configured with same bwp-Id, same nrofRBs, same startingRB, same cdm-Type, same density and same nrofPorts, except for the NZP CSI-RS resources used for interference measurement.
< End of text proposal >



Transmit power indication for NZP CSI-RS

Description:
It is reported that there are conflicting descriptions on the definition/usage of Pc, i.e., powerControlOffset. For TRS (CSI-RS for tracking), Pc should be configured as described in Section 5.1.6.1.1 of 38.214:
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
However, as currently captured in Section 5.2.2.3.1 in 38.214, Pc is applicable only when “UE derives CSI feedback”:
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
To resolve the conflictions, it is proposed to remove the condition of “when UE derives CSI feedback” in the definition of powerControlOffset.

TP #1:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
-	powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
< End of text proposal >



Views from companies (1st round):
	Huawei, HiSilicon
	TP #1

	Qualcomm
	TP #1. Reply to the comment from ZTE:
From UE perspective, being able to explicitly or implicitly assume a known ratio for the PDxCH (PDSCH or PDCCH) to CSI-RS is crucial at least for the following functionalities:
· For driving the PDxCH AGC based on the QCLed TRS, 
· For deriving an SNR estimate for the PDxCH channel estimation block.
So, it is NOT true that the UE ignores this parameter if it is TRS. 

	Samsung
	Prefer the following correction for clarification:
· powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback or performs time/frequency tracking and takes values in the range of [-8, 15] dB with 1 dB step size.

	ZTE
	Support keeping the current specification. The introduction of powerControlOffset is for calculation of CSI feedback. If we agree the TP, the motivation of this higher layer parameter will not be clear. Since TRS is not used for CSI feedback, the UE should just ignore this parameter for the use of tracking.   Keeping the original description would make it clearer. 

	OPPO
	Agree with wording from Samsung.

	vivo
	Fine with TP#1

	Nokia
	TP #1 

	Intel
	Agree with ZTE view



Result from online discussions on Monday
Possible agreement:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
-	powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
< End of text proposal >



Offline agreement:
Text proposal for Section 5.2.2.3.1 in 38.214
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback or performs fine time/frequency tracking and takes values in the range of [-8, 15] dB with 1 dB step size.

Descriptions of parameters for NZP CSI-RS

Description:
It is proposed to refine the descriptions of parameters for NZP CSI-RS as follows. 

TP #1:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
-	repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether the CSI-RS resources within the NZP-CSI-RS ResourceSet are transmitted with the same downlink spatial domain transmission filter a repetition in conjunction with spatial domain transmission filter is on/off at gNB-side can be assumed at the UE side as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'cri-RSRP' or 'none'.
-	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.
[bookmark: _Hlk515969040]-	trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same as described in Subclause 5.1.6.1.1 and can be configured when  reporting setting is unconfigured or configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is unconfigured or set to 'none'.
All CSI-RS resources within one set are configured with same bwp-Id, same density and same nrofPorts, except for the nrofPorts configured for NZP CSI-RS resources used for interference measurement.
< End of text proposal >



Views from companies (1st round):
	CATT
	TP #1. 

	Huawei, HiSilicon
	The last part is not needed, as the densities of NZP CSI-RS resources for IM can be different.

	OPPO
	TP #1

	vivo
	Agree with HW.

	Ericsson
	Ok in principle but wording needs to be improved. For instance, I wold prefer to phrase it "the UE may assume that the resources.... transmitted with the same spatial filter"

	Intel
	Ok in general. Similar to E/// comment prefer to describe from UE perspective (e.g. same antenna port or QCL) 



Result from online discussions on Monday
Possible agreement:
Text proposal for Section 5.2.2.3.1 in 38.214:
	< Start of text proposal >
-	repetition in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and defines whether UE can assume the CSI-RS resources within the NZP-CSI-RS ResourceSet are transmitted with the same downlink spatial domain transmission filter or not a repetition in conjunction with spatial domain transmission filter is on/off at gNB-side as described in Subclause 5.1.6.1.2. and can be configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is set to 'cri-RSRP' or 'none'.
-	qcl-InfoPeriodicCSI-RS contains a reference to a TCI-State indicating QCL source RS(s) and QCL type(s). If the TCI-State is configured with a reference to an RS with 'QCL-TypeD' association, that RS may be an SS/PBCH block located in the same or different CC/DL BWP or a CSI-RS resource configured as periodic located in the same or different CC/DL BWP.
-	trs-Info in NZP-CSI-RS-ResourceSet is associated with a CSI-RS resource set and for which the UE can assume that the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same as described in Subclause 5.1.6.1.1 and can be configured when  reporting setting is  not configured or configured only when the higher layer parameter reportQuantity associated with all the reporting settings linked with the CSI-RS resource set is unconfigured or set to 'none'.
< End of text proposal >



[bookmark: _Hlk522545552]ZP CSI-RS for multi-slot PDSCH scheduling

Description:
It is proposed to clarify whether ZP CSI-RS applies to all slots occupied by multi-slot PDSCH, when they are triggered together.  

Proposal #1:
· For multi-slot PDSCH, the triggered ZP CSI-RS is applied to all the slots of scheduled PDSCH.
Qualcomm, ZTE, vivo, Ericsson, CATT, Spreadtrum, DCM

Proposal #2:
· For multi-slot PDSCH, the triggered ZP CSI-RS is only applied to the 1st slot of scheduled PDSCH.

More discussions:
Samsung, LGE, Nokia

Views from companies (1st round):
	Spreadtrum
	Proposal #1

	Qualcomm
	OK

	Samsung
	Need joint discussion with scheduling agenda.

	ZTE
	OK

	LGE
	The motivation and benefits for Proposal#1 should first be clarified, since it rate-matches unnecessarily the same ZP CSI-RS REs across all the slots. If the motivation is to have multi-slot rate matching without additional DCI overhead, it seems better to reuse the current RRC parameter for slot offset per ZP CSI-RS resource in the set.

	vivo
	Fine with the proposal

	Ericsson
	Not clear. F2F discussion needed
Ok

	Nokia
	Further discussion needed.

	Intel
	Need more discussion

	CATT
	OK



Result from offline discussions on Monday
Further offline on rate-matching around ZP CSI-RS when it is triggered together with multi-slot PDSCH in a joint offline session with rate-matching colleagues

Offline proposals after joint session with rate-matching colleagues:

· [bookmark: _GoBack]For multi-slot and slot PDSCH scheduling, the triggered aperiodic ZP CSI-RS is applied to all the slots of the scheduled PDSCH.
· Supported by: Qualcomm, ZTE, vivo, Ericsson, CATT, Spreadtrum, DCM, Nokia 

Rate matching on NZP/ZP CSI-RS

Description:
It is reported the UE rate matching behavior around NZP/ZP CSI-RS has not been sufficiently discussed, and in the cases with cross-carrier PDSCH scheduling and same-slot CSI-RS scheduling, it can be difficult to perform rate matching properly. 

Proposal #1: 
· UE does not explicitly perform rate matching on a PDSCH
· on the REs overlapped with an aperiodic NZP CSI-RS resource  unless
· these resources are triggered by an UL DCI in a PDCCH whose last symbol is received at least 14 symbols before the first symbol of this PDSCH in the smallest SCS of the CC’s for the PDSCH and the PDCCH
· on the REs overlapped with a ZP-CSIRS resource scheduled by a DL DCI other than the one which scheduled this PDSCH.

Views from companies (1st round):
	Qualcomm
	Updated the proposal #1 with the new proposal in R1-1809504. We are also open for other simplifications (shown in blue in the above proposals), which effectively allow for a UE to perform the correct rate matching in on CC without having to decode all UL DCIs across all CCs, or at least while giving enough time to the UE to complete all the decoding. Note that cross-carrier PDSCH scheduling with (or even without) Search Spacing Sharing is an optional UE capability, and the current PDSCH rate matching behaviour when cross-carrier A-CSIRS triggering occurs is equally complex (without any related agreement in RAN1 to support it, or any associated capability)

Question: Why this issue should be newly raised? Similar issue was there in LTE no?
Answer: Because we never had an agreement on this for NR. The LTE Rel-14 agreement on this topic was
For LTE Rel-14: RAN1#86 Agreement:
· Definition of Aperiodic ZP CSIRS:
· For PDSCH rate matching on BF CSIRS due to aperiodic CSI-RS and/or multi-shot CSI-RS, an aperiodic ZP CSIRS resource is indicated. 
· Aperiodic ZP CSIRS resource configuration is defined without Subframe_config
UE conducts PDSCH rate matching on aperiodic ZP CSIRS at the subframe when the DCI is signaled.
If companies consider NR doing the same as LTE, we are OK, but this needs an agreement, and it effectively translates to the proposal #1 above without the blue text, that is:
· UE does not explicitly perform rate matching on a PDSCH on the REs overlapped with an aperiodic NZP CSI-RS resource.

To ZTE: It is not about rate matching patterns; this is a separate UE capability completely different than what we describe here. What we are saying is that in the current spec, an UL DCI in some Search Space in some CC may be triggering a A-CSIRS transmission in some other CC in which the UE receives PDSCH, so the UE, in order to do correct rate matching, it has to decode all UL DCIs across all Search spaces in all CCs, so even if the UE is able to rate match 1 A-CSIRS resource, it still has to do all this time-consuming detection across all CCs. We don’t think that this was the intention, because, as we describe a feature of similar complexity, the cross-carrier PDSCH scheduling with/without search space sharing is optional.
If the blue sublet is complicated, it could be removed as we explained above, and do what ever LTE is doing as we describe above.
On the second bullet, a UE can get multiple PDCCH in the same slot (it’s a UE capability, what we were calling early in the study item a “mini-slot”), and can even get up to 7 TDMed PDSCH (2-symbol each) in one slot. Then, the question is: assume a ZPCSIRS resource set spanning symbols 1-4, and is triggered by  DCI1 scheduling PDSCH1 in symbol 1-2, should the UE take this resource set into account for rate matching the PDSCH2 spanning symbols 3-4, or the rate matching of PDSCH2 should only depend on the ZP CSIRS resource set (if any) triggered in the associated DCI2?


	Samsung
	We think more discussions are needed (including why this issue should be newly raised up in NR although a similar one has been there from LTE)

	ZTE
	More discussion is needed for the motivation since the number of rate matching patterns is UE capability after all, and UE will reports its capability based on FG2-33a. 
For the second bullet, do we need this ? In the current 331 for AP ZP CSI-RS resource set, there is no configuration of CC/BWP and slot offset between DCI and ZP-CSI-RS, this means AP ZP CSI-RS scheduled by DCI#0 and PDSCH scheduled by DCI#1 may not be in the same CC and slot. 
For the first bullet, the sub-bullet seems complicated.

	Spreadtrum
	We have identified similar issue, and proposal was raised in AI 7.1.3.5 as copied below, the tdoc number is R1-1808803,
Proposal: During PDSCH reception, UE is not expected to rate match around AP NZP CSI-RS triggered by PDCCH, if the monitoring occasion of the PDCCH is later than that of the PDCCH scheduling the PDSCH.
Note that in our proposal, we discussed this issue under single CC case. For xCC case, stronger limitation seems reasonable.
For the blue part of proposal #1, in addition to CSI request in UL DCI, A-CSI-RS can also be triggered by SRS request in UL/DL DCI for non-codebook based UL transmission.

	vivo
	Fine with the first sub-bullet. For the second bullet, it needs further clarification on the case ZP CSI-RS indicated in one DCI would influence PDSCH reception indicated in another DCI.


	Ericsson
	We acknowledge a potential problem, more discussion needed F2F.

	Nokia
	We do not sure the necessity, but O.K. to have more discussion.

	Intel
	Agree with the problem. Need more discussion on the solution.

	CATT
	Agree with Qualcomm that more detailed discussion is needed on this NZP/ZP CSI-RS rate matching topic. 



Result from offline discussions on Monday
Further offline on rate-matching around aperiodic NZP or ZP CSI-RS including when cross-carrier triggering is involved in a joint offline session with rate-matching colleagues

[Qualcomm] Please find some alternatives for further discussion on this topic after looking at the responses in first round and discussing offline:
	With regards to the Aperiodic NZP CSI-RS resource rate matching:
  Alt. 1: 
· UE performs neither rate matching nor puncturing on PDSCH REs overlapped with the REs for the triggered aperiodic NZP CSI-RS resource.
· Support: Intel, Samsung, Spreadtrum, ZTE, QC, Huawei, HiSilicon (fine but not 1st preference), Ericsson
  Alt. 2: DCM
If the Aperiodic NZP CSIRS resource is triggered by a DCI on a different CC than the CC of the scheduling DCI of a PDSCH
  Alt. 2a.1: UE performs neither rate matching nor puncturing on the PDSCH REs overlapped with the REs of this NZP CSI-RS resource.
Support: Ericsson, DCM 
  Alt. 2a.2: UE performs neither rate matching nor puncturing on the PDSCH REs overlapped with the REs of this NZP CSI-RS resource unless CSIRS is triggered by a PDCCH whose last symbol of the monitoring occasion is received at least 14 symbols before the first symbol of this PDSCH in the smallest SCS of the CC for the PDSCH and the PDCCH
Support: DCM
  Alt. 2a.3: UE performs neither rate matching nor puncturing on the PDSCH REs overlapped with the REs of this NZP CSI-RS resource unless it supports it as an optional UE capability.
   The already-agreed UE-optional capability of “cross-carrier PDSCH scheduling with search space sharing” could beis used for this purpose.
  Support: Samsung, DCM

If an Aperiodic NZP CSIRS resource is triggered by a DCI on the same CC with the scheduling DCI of a PDSCH, UE performs neither rate matching nor puncturing on the PDSCH REs overlapped with the REs of this NZP CSI-RS resource unless
  Alt. 2b.1: the CSIRS resource is triggered by a DCI in a PDCCH whose last symbol of the monitoring occasion is received no later than that of the PDCCH scheduling the PDSCH
Support: DCM
  Alt. 2b.2: the CSIRS resource is triggered by a DCI in a PDCCH whose last symbol of the monitoring occasion is received no later than the first symbol of this PDSCH.
Support: DCM
Alt. 2b.3: no spec change
Support: DCM
Object: QC, Spreadtrum

  Alt. 3: 
· UE perform neither rate matching nor puncturing on the PDSCH REs overlapped with the REs of this NZP CSI-RS resource unless the CSIRS resource is triggered by a DCI in a PDCCH whose last symbol of the monitoring occasion is received no later than that of the PDCCH scheduling the PDSCH
Object: QC, DCM
  Alt. 4: No change
Object: QC, DCM, Spreadtrum



Offline agreement:
· UE performs neither rate matching nor puncturing on PDSCH REs overlapped with the REs for the triggered aperiodic NZP CSI-RS resource.

Offline proposals after joint session with rate-matching colleagues:

· UE does not perform rate matching neither assumes puncturing on PDSCH REs overlapped with the REs for the triggered aperiodic NZP CSI-RS resource

· UE does not rate match PDSCH around the overlapped aperiodic ZP-CSIRS resource scheduled by a DL DCI other than the one which scheduled this PDSCH.

Functionalities of  CSI-RS
As discussed in [17], maxNrofNZP-CSI-RS-Resources at 192 is specified, and if a NZP CSI-RS resource is allowed not be signaled with no functionality, then the situation arises in any UE implementation, the maximum number of NZP CSI-RS resources needs to be budgeted, we propose every NZP CSI-RS-resource needs to be assigned a functionality.
Proposal:
A configured NZP-CSIRS resource falls under at least one of the cases below:
1) a NZP-CSI-RS resource is  included in a configured NZP-CSI-RS resource set with a configured field “repetition” or “trs-info” or 
2) a NZP-CSI-RS resource is included in a configured NZP-CSI-RS resource set  which  is included by a configured CSI-ResourceConfig included in a configured CSI-ReportConfig 
3)  a NZP-CSI-RS resource is included in a configured “RadioLinkMonitoringRS” IE
4) a NZP-CSI-RS resource is  included in a configured  PUSCH-PathlossReferenceRS
5) a NZP-CSI-RS resource is  included in a configured PUCCH-PathlossReferenceRS
6) a NZP-CSI-RS resource is  included in a configured SRS-ResourceSet 

Views from companies:
	MediaTek
	“TS 38.331 specifies the following limitation on the “total number” of configured NZP-CSIRS resources per CC:
maxNrofNZP-CSI-RS-Resources				INTEGER ::= 192		-- Maximum number of Non-Zero-Power (NZP) CSI-RS resources
Our understanding on the number 192 is based on 128 resources for beam-management, 32 resources for CSI-acquit ion, and 32 resources for TRS; network has the flexibility to allocate NZP-CSI-RS resources for multiple functionalities under the total number constraint. 
In contrast, for UE capability reporting, the number of configured NZP-CSIRS resources are separately reported for CSI acquisition (FG 2-33) and for TRS (FG 2-51). Following current CSI framework and RRC structure, it is possible to configure NZP-CSIRS resources without being linked to a report setting for CSI acquisition, beam-management, or TRS. A UE cannot rely on capability reporting to reduce memory cost for configurations of NZP-CSIRS resources, because configuring NZP-CSIRS resources not associated with report settings is still allowed, and it is beyond the scope of defined UE capability reporting. As a result a UE may need to take maxNrofNZP-CSI-RS-Resources = 192 as a basic requirement; we believe this is unnecessary in real network deployment.




Agreements in RAN1#93 in CSI-RS agenda (Monday)

Agreement
Text proposal for Section 7.4.1.5.3 in 38.211:
< Start of text proposal >
The time-domain locations  and  are provided by the higher-layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS-ResourceMapping IE and defined relative to the start of a slot.
< End of text proposal >

Agreement
Text proposal for Section 5.1.4.2 in 38.214:
	< Start of text proposal >
-	ZP-CSI-RS-FreqBand parameters enabling configuration of frequency occupancy of a ZP-CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.
< End of text proposal >



Text proposal for Section 5.1.4.2 in 38.214:
	< Start of text proposal >
-	resourceType in ZP-CSI-RS-ResourceSet defines tThe ZP-CSI-RS time domain behavior can be configured to of ZP-CSI-RS resource configuration as described in Subclause 7.4.1.5 of [4, TS 38.211]. The ZP-CSI-RS-ResourceConfigType can be periodic, semi-persistent or aperiodic by higher parameters within PDSCH-config. All the resources in a ZP CSI-RS resource set are configured with the same time domain behavior ZP-CSI-RS-ResourceConfigType ('periodic', 'semi-persistent', 'aperiodic').
< End of text proposal >



Text proposal for Section 5.1.4.2 in 38.214:
	< Start of text proposal >
For a UE configured with the higher layer parameter resourceType set to 'semiPersistent ', a list of ZP-CSI-RS-ResourceSet(s), provided by higher layer parameter sp-ZP-CSI-RS-ResourceSetsToAddModList, is configured 
< End of text proposal >



Agreement 
Text proposal for Section 3.2 in 38.211:
	< Start of text proposal >

	System frame number; see clause 4.3.1
< End of text proposal >



Agreement
Text proposal for Section 5.1.6.1.2 in 38.214:
	< Start of text proposal >
If a UE is configured with a NZP-CSI-RS-ResourceSet configured with the higher layer parameter repetition set to 'on', the UE may assume that the CSI-RS resources, described in Subclause 5.2.2.3.1, within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter, where the CSI-RS resources in the NZP-CSI-RS-ResourceSet are transmitted in different OFDM symbols. The UE is not expected to receive different periodicity in periodicityAndOffset in every CSI-RS resource within the set. If repetition is set to 'off', the UE shall not assume that the CSI-RS resources within the NZP-CSI-RS-ResourceSet are transmitted with the same downlink spatial domain transmission filter.
< End of text proposal >



Agreement
The possible agreement in section 2.14 of R1-1809749 is agreed.

Agreements in RAN1#93 in CSI-RS agenda

Agreement (Impact to RAN2 specifications)
Text proposal #3 for Section 5.2.2.3.1 in TS38.214
< Unchanged parts are omitted >
The bandwidth and initial CRB index of a CSI-RS resource within a BWP, as defined in Subclause 7.4.1.5 of [4, TS 38.211], are determined based on the higher layer parameters nrofRBs and startingRB, respectively, within the CSI-FrequencyOccupation IE configured by the higher layer parameter freqBand within the CSI-RS-ResourceMapping IE. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the reference point for startingRB is CRB 0 on the common resource block grid. If , the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .
< Unchanged parts are omitted >
Include as part of LS to RAN2.

Agreement (Impact to RAN2 specifications)
Change the value range of nrofRBs in CSI-RS bandwidth configuration from 24 to maxNrofPhysicalResourceBlocks + 1 and include as part of an LS to RAN2. Ask RAN2 to update the relevant description.

Agreement
UE expects to be configured with same BWP_info for all CSI-RS resources within one set.
UE expects to be configured with same density for all CSI-RS resources within one set.

Agreement
· For P/SP-CSI-RS, UE expects to be configured with same periodicity for all CSI-RS resources within one set (slot offset can still be different for different CSI-RS resources).

Agreement
Text proposal for Section 5.1.6.1.2 in 38.214

If the UE is configured with a CSI-ReportConfig with reportQuantity set to "cri-RSRP", or "none" and if the CSI-ResourceConfig for channel measurement (higher layer parameter resourcesForChannelMeasurement) contains a NZP-CSI-RS-ResourceSet that is configured with the higher layer parameter repetition set to ‘on’ and configured without the higher layer parameter trs-Info, the UE can only be configured with the same number (1 or 2) of  ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set,

Agreement
UE expects to be configured with same number of ports for all CSI-RS resources within one set.

Agreement
Text proposal for Section 7.4.1.5.2 in TS38.211
< Unchanged parts are omitted >
where the pseudo-random sequence [image: ] is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialized with


at the start of each OFDM symbol where [image: ] is the slot number within a radio frame, [image: ] is the OFDM symbol number within a slot, and [image: ] equals the higher-layer parameter scramblingID.
< Unchanged parts are omitted >
Note: Inside the equation, the number of 14 is replaced as N_symb^slot.

Agreement
Suggest RAN2 to change the value range of firstOFDMSymbolInTimeDomain2 as from 2 to 12 and include as part of an LS to RAN2.

Agreement
Text proposal for Section 7.4.1.5.1 in 38.211
< Unchanged parts are omitted >
Zero-power and non-zero-power CSI-RS are defined
-	for a non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE, the sequence shall be generated according to clause 7.4.1.5.2 and mapped to resource elements according to clause 7.4.1.5.3
-	for a zero-power CSI-RS configured by the ZP-CSI-RS-Resource IE, the UE shall assume that the resource elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission and shall make no assumption on downlink transmission in those resource elements. UE performs the same measurement/reception on channels/RSs except PDSCH regardless of whether they collide with ZP CSI-RS or not.
< Unchanged parts are omitted >

Working Assumption
Text proposal for TS38.214
If the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that a PDCCH DM-RS transmitted in the all search space sets associated with CORESET CORESET are quasi co-located with ‘QCL-Type D’, if ‘QCL-Type D’ is applicable. Furthermore, the UE shall not expect to be configured with CSI-RS in PRBs that overlap those of the CORESET in the OFDM symbols occupied by the search space set(s). 

Agreements in RAN1#92b in CSI-RS agenda

Agreement:
Confirm the WA on CSI-RS sequence mapping for the case with 0.5 density

Agreement:
A UE may assume all CSI-RS ports within one CSI-RS resource are quasi co-located with respect to ‘QCL type A’ and ‘QCL type D’ when applicable.

Agreement:
Text proposal for Section 5.2.2.3.1 in 38.214 
----------------------------------------------------------------------------------------------------------------------------------

-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211] , and the minimum bandwidth is the minimum between 24 and   resource blocks.
----------------------------------------------------------------------------------------------------------------------------------

Agreement
Text proposal for Section 5.1.6.1.2 in 38.214
----------------------------------------------------------------------------------------------------------------------------------
If the UE is configured with a CSI-ReportConfig with reportQuantity set to “CRI/RSRP”, or “No Report” and if the Resource Setting for channel measurement contains a CSI-RS Resource Set that is configured with the higher layer parameter CSI-RS-ResourceRep and configured without the higher layer parameter TRS-Info, the UE can only be configured with 1 or 2 ports with the higher layer parameter NrofPorts for all CSI-RS resources within the set, and the UE may be configured with the CSI-RS resource in the same OFDM symbol(s) as an SS/PBCH block, and the UE may assume that the CSI-RS and the SS/PBCH block are quasi co-located with ‘QCL-TypeD’ if ‘QCL-TypeD‘ is applicable. Furthermore, the UE shall not expect to be configured with the CSI-RS in PRBs that overlap those of the SS/PBCH block, and the UE shall expect that the same subcarrier spacing is used for both the CSI-RS and the SS/PBCH block.

Agreement
The number of ports in a resource set for L1-RSRP
· Always have the same number of ports (1 or 2) across all resources

Agreement
For density ½, odd/even PRB allocations is respect to the common resource block grid 
Include in LS to RAN2 for CSI-RS Xi (Huawei)

Agreement
Text proposal for Section 5.1.4.2 in 38.214
----------------------------------------------------------------------------------------------------------------------------------
· ZP-CSI-RS-ResourceConfigId determines ZP CSI-RS resource configuration identity.
· NrofPorts defines the number of CSI-RS ports, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
· ZP-CSI-RS-Density defines the zero-power CSI-RS frequency density, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
· CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
----------------------------------------------------------------------------------------------------------------------------------

Agreement
Text proposal for Section 5.2.2.3.1 in 38.214
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211]. If the configured bandwidth is larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size.

Agreement
· The UE expects that all the CSI resources of a resource set are configured with the same starting RB and number of RBs and the same CDM-type.
· FFS: Other parameters

Agreement
Text proposal for Section 5.2.2.3.1 in 38.214
--------------------------------------------------------------------------------------------------------------------------
-	CSI-RS-Density defines CSI-RS frequency density of each CSI-RS port per PRB and CSI-RS PRB offset in case of the density value of 1/2, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211]. For density ½, odd/even PRB allocations is respect to the common resource block grid.
-	CDMType defines CDM values and pattern, where the allowable values are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-FreqBand parameters configure the bandwidth and the initial RB index in the frequency domain, both in units of 4RBs, of a CSI-RS resource within a BWP as defined in Subclause 7.4.1.5 of [4, TS 38.211].
-	Pc: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to NZP CSI-RS EPRE. 
-	ScramblingID: defines scrambling ID of CSI-RS with length of 10 bits.
-	CC_Info defines which component carrier the configured CSI-RS is located in.
- 	BWP_Info defines which bandwidth part the configured CSI-RS is located in.
--------------------------------------------------------------------------------------------------------------------------

Agreement
Text proposal for Section 5.1.4.2 in 38.214
----------------------------------------------------------------------------------------------------------------------------------
-	ZP-CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211]. 
----------------------------------------------------------------------------------------------------------------------------------

R1-1805740	[Draft] LS on NR CSI-RS	Huawei, HiSilicon
LS is endorsed in R1-1805626

Agreements in RAN1#92 in CSI-RS agenda

Agreement (RRC parameter update):
maxNrofCSI-IM-Resources                          INTEGER ::= 32        -- Maximum number of CSI-IM resources per CC. See CSI-IM-ResourceMax in 38.214.

Agreement (RRC parameter update):
Revise the higher-layer parameter CSI-RS-ResourceRep defined in TS 38.331 to be an optionally configurable parameter (not mandatory parameter as in the current specification), and include this into an LS to RAN2.
· CSI-RS-ResourceRep can only be configured for CSI-RS resource sets which are associated with CSI report with  report of L1 RSRP or “no report”

Agreement:
For the CSI-RS sequence mapping, the working assumption from RAN1 NR Ad Hoc 1801 for density 1 and 3 is confirmed

Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility
· Note: UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.

Conclusion:
UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not.

Agreement:
· 
The formula for SRS can be reused for CSI-RS: 
It’s up to the editor how to reflect the above agreement into the specification.

Agreement (RRC parameter update):
maxNrofNZP-CSI-RS-Resources-1 is 191

Agreements in RAN1#AH1801 in CSI-RS agenda

Conclusion:
On the support of indicating two starting OFDM symbol positions for non-contiguous NZP CSI-RS mapping, include as part of an LS to RAN2 to inform them that the RRC signalling should support indication of up to two starting OFDM symbol positions and it is up to RAN2 to decide on the detailed signalling (relevant RRC parameter: CSI_RS_resourcemapping)

Agreement:
Remove Pc-PDCCH from RRC parameter list for NZP-CSI-RS and add clarification on 0dB power offset between CSI-RS for beam failure detection and PDCCH DMRS

Agreement:
· Indication mechanism of aperiodic ZP CSI-RS is RRC + DCI
· Each triggering state of “ZP CSI-RS trigger” in DCI is to trigger one ZP CSI-RS resource set
· A state is reserved for not triggering aperiodic ZP CSI-RS
· All the resources in a ZP CSI-RS resource set are configured with the same ResourceConfigType (periodic or aperiodic)
· The bit-length of DCI field “ZP CSI-RS trigger” depends on the number of aperiodic ZP CSI-RS resource sets configured (up to 2 bits)
· The maximum number of aperiodic ZP CSI-RS resource sets configured per BWP is 3

Include as part of LS to RAN2

Agreement:
· Add the following RRC parameters for ZP CSI-RS 
	PDSCH
	38.214
	
	　
	　
	ZP-CSI-RS-ResourceSetConfigList
	New
	ZP-CSI-RS-ResourceSetConfigList
	Resource set configuration for ZP CSI-RS
	　
	NA
	UE specific
	38.331
	
	Y

	PDSCH
	38.214
	
	
	
	ZP-CSI-RS-ResourceSetConfigId
	New
	ZP-CSI-RS-ResourceSetConfigId
	ZP CSI-RS Resource set configuration ID
	0 .. ZP-CSI-RS-ResourceSetMax-1
	NA
	UE specific
	38.331
	Contained in ZP-CSI-RS-ResourceSetConfig
	Y



· Update the RRC parameter Aperiodic-ZP-CSI-RS-Resource-List as follows
	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource set IDs for aperiodic triggering
	Up to 3 ZP-CSI-RS resource set IDs per BWP


Include as part of LS to RAN2

Agreement:
· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:
· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)
· SRS
· FFS on whether and how to align to additional periodicities as agreed in the frame structure agenda
· “The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms”
· FFS on CSI-IM periodicity of 1 slot
Include as part of LS to RAN2

Working Assumption
Agree to the following text for TS.38.211 with the understanding that the 1 port rate=1/2 case needs to be checked. If there is an issue with the working assumption for 1 port rate=1/2, technical details will be modified.
7.4.1.5.3	Mapping to physical resources

For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 
[image: ]


under the condition that the resource elements indexed by are within the resource blocks occupied by the CSI-RS for which the UE is configured. The reference point for  is subcarrier 0 in common resource block 0. The value of  is given by the higher-layer parameter CSI-RS-Density.

Agreement:
· By default, UE does not perform rate matching on REs overlapped with at least CSI-RS for mobility, which is not configured with serving cell ID
· UE shall perform rate matching on REs overlapped with a CSI-RS for mobility only if ZP-CSI-RS covers the REs overlapped with the CSI-RS for mobility.
· FFS, rate matching on REs overlapped with CSI-RS for mobility configured with serving cell ID

Agreements in RAN1#91 in CSI-RS agenda

Agreement
Support reusing the allowed CSI-RS-to-PDSCH power offset values in LTE for NR. 

Agreement:
· Support including the OFDM symbol index within a slot in the formula for c_init.
· Support including slot index within a radio frame in the formula for c_init.

Agreement:
Length-31 Gold sequence is used for CSI-RS
· Same polynomial as in LTE
· QPSK sequence modulation is used
· N_c and c_init are to be discussed separately

Agreement:
For NR CSI-RS sequence,
· CSI-RS scrambling ID has a length of 10 bits
· There is no default value for the scrambling ID

Agreement
Introduce the following RRC parameter for CSI-RS:
	CC/BWP-Info
	Indication of which CC/BWP the configured CSI-RS is located in
This parameter belongs within a CSI-RS resource configuration or in a BWP configuration (up to editor)
	FFS



Agreement
Introduce the following RRC parameter for CSI-RS:
· Comb offset for D=1/2
· 1 bit to indicate between odd and even RBs

Agreement
UE rate matches PDSCH around ZP-CSI-RS

Agreement
	CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource
FFS: how to configure CSI-RS in different slots for fine time/frequency tracking
	Starting subcarrier:
For 1 port CSI-RS, there is no restriction
For Y=2, is constrained to be one among even subcarriers, in the given PRB (indexed from 0)
For Y=4, is constrained to be one among subcarriers 0, 4, 8, in the given PRB (indexed from 0)
Symbol location:
{0,1,2,3,4,5,6,7,8,9,10,11,12,13}, where 2 is supported only when DL-DMRS-typeA-pos equals 3
· UE is not expected to receive CSI-RS and DMRS on overlapping REs
· Only uniform RE pattern across all symbols for CSI-RS resource is supported

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	Agreed CDM types for different X and N
{No CDM} for X = 1 and N = 1
{FD-CDM2} for X = 2 and N = 1
{FD-CDM2} for X = 4 and N = 1
{FD-CDM2} for X = 8 and N = 1
{FD-CDM2, CDM4 (FD2,TD2)} for X = 8 and N = 2
{FD-CDM2} for X = 12 and N = 1
{CDM4 (FD2,TD2)} for X = 12 and N = 2
{FD-CDM2, CDM4 (FD2,TD2)} for X = 16 and N = 2
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 24 and N = 4
{FD-CDM2, CDM4 (FD2, TD2), CDM8 (FD2, TD4)} for X = 32 and N = 4

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	Combined indication methods from [90b-NR-19]
Starting RB index and number of spanned RBs in the units of 4
· Minimum CSI-RS BW is min(24RBs, BWP for data) 

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	New parameter
2 bits in the range of [-3, 6] with step size of 3dB

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	A list of NZP-CSI-RS resource mapping(s) by explicit configuration of time and frequency domain information


	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic ZP-CSI-RS
	Same as NZP-CSI-RS 


	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	Same as NZP-CSI-RS

	Aperiodic-ZP-CSI-RS-Resource-List
	Contains list of ZP-CSI-RS resource IDs for aperiodic triggering
	

	CC-Info
	Indication of which CC the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource configuration or in a CC configuration (up to editor)
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.

	BWP-Info
	Indication of which BWP the configured CSI-RS is located in. 
This parameter belongs within a CSI-RS resource setting configuration
	How to capture this in the specification is up to the editor. 
This parameter applies to both NZP-CSI-RS and ZP-CSI-RS.



Agreement
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS

Agreement
In addition to agreed RRC parameters for ZP-CSI-RS, following RRC parameters are added for ZP CSI-RS configuration.
	ZP-CSI-RS-Density
	Density of ZP CSI-RS resource in frequency domain = RE pattern existence per PRB (1 PRB = 12 subcarriers and 1 sym)
	Same as NZP CSI-RS resources

	ZP-CSI-RS-ResourceConfigId
	ZP-CSI-RS resource configuration ID
	0 ..  ZP-CSI-RS-ResourceMax  - 1

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic or periodic



Agreements
· Support mapping CSI-RS sequence to the resource grid at RE-level granularity
· Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource

Agreements:
· Support assigning CSI-RS port index across CDM groups first in frequency domain and then in time domain

Agreement
For NR CSI-RS sequence initialization,
· Similar to LTE, the sequence initialization values should be different for all OFDM symbols within a frame (10ms)
[image: ], 
where  denotes slot index within a radio frame, and  is OFDM symbol index within a slot and  is UE specifically configured scrambling ID

Agreement:
· For Rel-15, the number of APs configured for one NZP CSI-RS resource (P) is equal to number of APs configured for CSI acquisition and reporting, i.e., N1*N2*2 = P (analogous to LTE)

Agreements:
· NR supports aperiodic ZP-CSI-RS for rate matching, with a separate DCI field for triggering aperiodic ZP-CSI-RS

References
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R1-1808222, Remaining issues on reference signals and QCL, vivo
R1-1808312, Corrections on SRS antenna ports, Fujitsu
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R1-1808488, Text proposals on reference signals, LG Electronics
R1-1808670, Corrections to reference signals and QCL, Intel Corporation
R1-1808751, Corrections on reference signals and QCL, Samsung
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R1-1808881, Text proposals for RS and QCL, Guangdong OPPO Mobile Telecom
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