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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
This paper summarizes the proposals on CSI-RS submitted to RAN1#93. 
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CSI-RS bandwidth configuration

Reference point and spanned BW

Description:
It is reported that 
· If PRB0 of associated BWP is used as reference point for initial RB index in CSI-RS bandwidth configuration as currently captured in 38.331, and if the BWP does not start at multiple of 4 RBs, there will be misalignment between CSI-RS resource and reporting subbands. 
· The text proposal agreed in the last meeting still has some ambiguity. It can be interpreted as that when the configured BW is larger than BWP size, the UE will assume CSI-RS spans the entire BWP regardless of initial RB index, which is not the desired behavior. In addition, gNB still cannot effectively tell UE to measure all the remaining RBs, when initial RB is not PRB0 of associated BWP and configured BW is smaller than BWP size.
To solve the above-mentioned issues, the following solutions were proposed. 

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.

Alternatives:
· Alt-1: Agree on the text proposal #1 below and include as part of an LS to RAN2.
· Alt-1a: Agree on the text proposal #3 below (this is a correction to Alt-1, and results in better alignment with the RRC parameters defined in 38.331) 
· Alt-2: Agree on the text proposal #2 below and include as part of an LS to RAN2.
· Alt-3: Delete the sentence “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”. Change the description in 38.211 to guarantee the measurement is within BWP: The UE is not expected to receive PDSCH, PDCCH, or CSI-RS part (except for RRM) outside an active bandwidth part.

	[bookmark: _Hlk514485025]Text proposal #1 for Section 5.2.2.3.1 in TS38.214
< Unchanged parts are omitted >
-	freqBand in CSI-RS-ResourceMapping 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. The reference point for the initial RB index is common resource block 0. If , UE shall assume  and the CSI-RS bandwidth is given .  If  is larger than, UE should assume the CSI-RS bandwidth is given by.
< Unchanged parts are omitted >



	Text proposal #2 part-A for Section 5.2.2.3.1 in TS38.214
< Unchanged parts are omitted >
-	freqBand in CSI-RS-ResourceMapping 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], the reference point for the initial RB index is common resource block 0, and the minimum bandwidth is the minimum between 24 and  resource blocks. If the configured bandwidth is equal or larger than the corresponding BWP , UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a NZP CSI-RS resource. 
< Unchanged parts are omitted >
Text proposal #2 part-B for Section 5.1.4.2 in TS38.214
< Unchanged parts are omitted >
-	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 equal or larger than the corresponding BWP, UE shall assume that the actual CSI-RS bandwidth is equal to the BWP size, otherwise, the bandwidth is the actually spanned bandwidth of a ZP CSI-RS resource.. 
< Unchanged parts are omitted >



	[bookmark: _Hlk514499868]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 >




	Company(s)
	View/position

	Huawei, HiSilicon
	Alt-1

	CATT
	Alt-2, the minimum bandwidth value in TS331 is not right, should be solved together with this issue.

	Qualcomm
	If the proposal is that the actual CSIRS BW is the intersection of the configured PRBs with the BWP BW, then we are generally OK but under the following obvious constraint: The actual CSI-RS BW should always be more than the min(24,  resource blocks).

We agree with the combined proposal shown below proposed by Huawei.

	ZTE
	Fine with this TP

	Spreadtrum
	Generally support Alt-1 and the TP. Should we also consider the case of ?
In response to @HW, if a BWP starts from CRB#5, I think only by setting , which is less than , can the entire BWP including CRB5-CRB7 contains CSI-RS. If the intention is support CSI-RS to occupy the entire BWP,  should not be treated as erroneous configuration.

	NEC
	Generally OK with Alt-1. Agree with Spreadtrum on the case of  .
We propose modification of Alt-1.
[bookmark: _Hlk514492643]The reference point for the initial RB index is common resource block 0. If the configured bandwidth is larger than, UE should assume that the actual CSI-RS bandwidth is equal to.
As we already agreed “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”

	Huawei, HiSilicon
	@Qualcomm, yes, the proposal is that the actual CSI-RS BW is the intersection of the configured PRBs with the BWP BW. The constraint on minimum BW is still reflected by the sentence before the newly added one. 
@Spreadtrum, @NEC, I tend to think that the case with  is a misconfiguration. Do we really need to cover this case?
@Spreadtrum and all, thanks for the response. I made some modification to Alt-1 to accommodate the case with , please check.
@NEC, the constraint on minimum BW is still reflected by the sentence before the newly added one.

	vivo
	We would support Alt.3:
· Alt-3: Delete the sentence “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”. Change the description in 38.211 to guarantee the measurement is within BWP: The UE is not expected to receive PDSCH, PDCCH, or CSI-RS part (except for RRM) outside an active bandwidth part.


	Ericsson
	We still think PRB0 is a suitable reference point. However, if the majority prefers CRB0, then we can be flexible. We agree with Spreadtrum’s and NEC’s comments.

Alt-1 is heading in the right direction; however, the TP#1 is confusing as written. For example, how should one interpret the the clause “…the CSI-RS bandwidth is given ” when  is on both sides of the equation and is previously undefined. To correct this, one should make reference to the actual RRC parmaeters nrofRBs and startingRB which are used to define the CSI-RS frequency occupation.

We provide Text Proposal #3 above to correct the problems with Alt-1 and make better alignement with 38.331. This TP addresses Spreadtrum’s and NEC’s concerns as well.

	Samsung
	Fine with Alt.3

	Nokia
	Alt-3



Proposal:
· Agree on the text proposal below and include as part of an LS to RAN2.

	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 >



Value range of nrofRBs

Description:
It is reported that NR should allow a CSI-RS resource to span the whole BWP with any possible configured bandwidth for the BWP, even if the BWP size is not a multiple of 4 RBs. The following solutions were proposed. 

Alternatives:
· Alt-1: Suggest RAN2 to change the value range of nrofRBs in CSI-RS bandwidth configuration as from 4 to maxNrofPhysicalResourceBlocks + 1 and include as part of an LS to RAN2.
· Alt-2: 

	Company(s)
	View/position

	Ericsson
	Alt-1

@Qualcomm:

Previously it was agreed that a CSI-RS can span the full BWP or a partial BWP. If we don’t increase the upper end of the value range to 276, then it will not be possible to span the full BWP if the BWP size is 275 since 275 is not a multiple of 4 and nrofRBs is restricted to be a multiple of 4.

Regarding the lower end of the value range, as long as the text in 38.214 is clear that CSI-RS can span the full BWP even for a BWP with size less than 24, then we are okay to leave the minimum configurable value of nrofPRBs as 24. But let’s check this once the 38.214 text has stabilized (see Section 2.1.1 above)

	CATT
	Alt-1

	Qualcomm
	For SRS we also have a maximum of 272, and didn’t care about the few RBs in the edges. We don’t see that this is really necessary.  We do not agree in changing the lowest value to 4. The minimum should be 24.

To @Ericsson, we don’t have a really strong view, but it is a minor topic; if companies agree to change it we are OK to do it, if not we should not spend time. The reason is that the UE would already sound 272 of the 275 PRBs (so 98.9% of the BW), how much different the CQI/PMI/RI that the UE reports would be, even if the UE does not sound the last 4 PRBs? 


	ZTE
	The lower bound should still be 24 since the minimum CSI-RS bandwidth is the minimum between 24 and  resource blocks which has been shown in 38.214

	Samsung
	Alt-1

	Nokia
	Alt-1

	
	

	
	

	
	

	
	



Proposal:
· Suggest RAN2 to change the value range of nrofRBs in CSI-RS bandwidth configuration as from 24 to maxNrofPhysicalResourceBlocks + 1 and include as part of an LS to RAN2.

Common configuration within one set

Description:
It is reported that for CSI-RS resources within one set, except for starting RB, number of RBs and CDM-type, several other parameters can also be configured with the same value in R15. The following solutions were proposed. 

BWP_info
· Alt-1: UE expects to be configured with same BWP_info for all CSI-RS resources within one set.
· Alt-2: 

	Company(s)
	View/position

	Huawei, HiSilicon
	Alt-1

	ZTE
	Alt-1

	Spreadtrum
	Alt-1

	NEC
	Alt-1

	OPPO
	Atl-1. It is better to configure BWP_info as a parameter for each set.

	CATT
	Alt-1

	LGE
	Alt-1

	Ericsson
	Restriction seems unnecessary from a forward compatibility standpoint. For example, what if L1-RSRP measurements are triggered on 2 or more carriers/BWP simultaneously? 

	Samsung
	Alt-1

	Nokia
	Alt-1



Proposal:
· Include as part of an LS to RAN2 that BWP_Info is configured per CSI-RS resource.
· UE expects to be configured with same BWP_info for all CSI-RS resources within one set.

Density
· Alt-1: UE expects to be configured with same density for all CSI-RS resources within one set.
· Alt-2: 

	Company(s)
	View/position

	ZTE
	Alt-1

	Lenovo, Motorola Mobility
	Alt-1 (for BM)

	Nokia, Nokia Shanghai Bell
	Alt-1

	Qualcomm
	Alt-1

	Spreadtrum
	Alt-1

	NEC
	Alt-1

	OPPO
	Alt-1

	CATT
	Alt-1

	Ericsson
	Alt-1

	
	



Proposal:
· UE expects to be configured with same density for all CSI-RS resources within one set.

Periodicity
· Alt-1: 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).
· Alt-2: 

	Company(s)
	View/position

	ZTE
	Alt-1

	Qualcomm
	Alt-1

	Spreadtrum
	Alt-1

	NEC
	Alt-1

	OPPO
	Alt-1

	CATT
	Alt-1

	LGE
	Alt-1

	Ericsson
	Alt-1

	Samsung
	Alt-1

	Nokia
	Alt-1



Proposal:
· 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).

Number of ports

Description:
It is reported that the text proposal agreed in previous meeting did not fully capture the agreement on having the same number of ports for all CSI-RS resources in one set when it is used for beam management. The following solutions were proposed. 

Alternatives:
· Alt-1: Agree on the text proposal below. 

	Company(s)
	View/position

	OPPO
	Alt-1

	ZTE
	Alt-1, TP is for 38.214  section 5.1.6.1.2:
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, 

	Qualcomm
	We agreed it wasn’t captured and needs to be captured.

	Spreadtrum
	Alt-1

	NEC
	Agree with the TP from ZTE.

	CATT
	Agree

	LGE
	Agree with the proposal from ZTE

	Nokia
	Alt-1 would be O.K.

	
	

	
	



Proposal:
· Agree on the text proposal below.
	Text proposal for Section 5.1.6.1.2 in 38.214
< Unchanged parts are omitted >
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 1 or 2 ports with the higher layer parameter nrofPorts for all CSI-RS resources within the set, and then 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 with 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.
< Unchanged parts are omitted >



In addition, there are also proposals to expand the restriction on number of ports to other use cases.

· Alt-1: UE expects to be configured with same number of ports for all CSI-RS resources within one set.
· Alt-2: 

	Company(s)
	View/position

	Samsung
	Alt-1

	[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Nokia, Nokia Shanghai Bell
	Alt-1

	Qualcomm
	Alt-1

	ZTE
	Alt-1

	Spreadtrum
	Alt-1

	NEC
	Alt-1

	OPPO
	Alt-1

	CATT
	This issue is also raised in the CSI Reporting session, aligned discussion is needed.

	Ericsson
	Restriction is unnecessary. LTE has the flexibility to configure Class B K>1 with different # of ports for each CSI-RS resource. Agree with CATT that this issue needs to be co-ordinated with the CSI reporting agenda item.

	
	



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

PRB offset for half density case
· Alt-1: UE expects to be configured with same PRB offset for all CSI-RS resources within one set, when the density is set as 1/2.
· Alt-2: 

	Company(s)
	View/position

	Nokia, Nokia Shanghai Bell
	Alt-1

	Qualcomm
	Alt. 1

	ZTE
	It seems unnecessary since different RB offset can allow more CSI-RS resources in one slot

	NEC
	Unnecessary.

	OPPO
	The same view as ZTE.

	CATT
	Alt-1

	LGE
	Agree with ZTE

	vivo
	Agree with ZTE

	Ericsson
	This is overly restrictive, since it is desirable to FDM resources (with different PRB offsets) in the same OFDM symbol and/or slot). Allowing flexibility might even simply rate matching. 

	Samsung
	Agree with ZTE



Power offset between CSI-RS and SSB
· Alt-1: No need to have the same power offset between CSI-RS resources within one set and SSB.
· Alt-2: UE expects to be configured with same power offset between CSI-RS resources within one set and SSB.
· Alt. 3: UE expects to be configured with same power offset between CSI-RS resources within one set and SSB for a set configured for CSI acquisition.

	Company(s)
	View/position

	Lenovo, Motorola Mobility
	Alt-1 (for BM)

	Huawei, HiSilicon
	Alt-1

	Qualcomm
	Alt-2 or Alt. 3

	ZTE
	Alt-1

	Spreadtrum
	Alt-2. Do not understanding why CSI-RS resources in a set for beam management can be transmitted with different power.

	NEC
	Alt-1

	OPPO
	Alt-2

	CATT
	Alt-2

	LGE
	Alt-1

	Ericsson
	Alt-1

	Samsung
	Alt-1

	Nokia
	Alt-1



Power offset between CSI-RS and PDSCH
· Alt-1: No need to have the same power offset between CSI-RS resources within one set and PDSCH.
· Alt-2: UE expects to be configured with same power offset between CSI-RS resources within one set and PDSCH.
· Alt. 3: UE expects to be configured with same power offset between CSI-RS resources within one set and PDSCH for a set configured for CSI acquisition.


	Company(s)
	View/position

	Lenovo, Motorola Mobility
	Alt-1 (for BM)

	Huawei, HiSilicon
	Alt-1

	Qualcomm
	Alt-2 or Alt. 3

	ZTE
	Alt-1

	Spreadtrum
	Alt-2 or Alt. 3

	NEC
	Alt-1

	OPPO
	Alt-2

	CATT
	Alt-2

	LGE
	Alt-1

	Ericsson
	Alt-1

	Samsung
	Alt-1

	Nokia
	Alt-1



Number of symbols in a slot for ECP

Description:
It is reported that the existing equation for c_init generation cannot support the ECP case. The following solutions were proposed. 

Alternatives:
· Alt-1: Agree on the text proposal below.
· Alt-2: 

	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. 




	Company(s)
	View/position

	Huawei, HiSilicon
	Alt-1

	Qualcomm
	Alt.1

	ZTE
	Alt-1

	Spreadtrum
	Alt-1

	NEC
	Alt-1

	OPPO
	Alt-1

	CATT
	Alt-1

	Nokia
	Alt-1

	
	

	
	



Proposal:
Agree on the text proposal below.
	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. 



Value range of firstOFDMSymbolInTimeDomain2

Description:
It is reported that for the higher layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, there should be an implicit condition that l1 > l0 + 1, otherwise the TDMed CDM groups defined for NZP CSI-RS would overlap. Similarly, l2 < 13 should also be satisfied, as the resource would otherwise not fit in the slot. The following solutions were proposed. 

Alternatives:
· Alt-1: Suggest RAN2 to change the value range of firstOFDMSymbolInTimeDomain2 as from 2 to 12 and include as part of an LS to RAN2.
· Alt-2: 

	Company(s)
	View/position

	Ericsson
	Alt-1

	ZTE
	The corresponding description in 211 should also be revised.

	CATT
	Not necessarily needed, but agree with it for less configuration errors.

	Samsung
	Agree with CATT

	
	

	
	

	
	

	
	

	
	

	
	



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

Power offset between PDCCH and CSI-RS

Description:
It is reported that the intention of having 0dB power offset between PDCCH and CSI-RS was to allow the UE to make an assumption on the transmit power of PDCCH when estimating the hypothetical PDCCH BLER from the transmitted CSI-RS. And the intention was not to affect the actual power allocation for the downlink. The following solutions were proposed. 

Alternatives:
· Alt-1: Agree on the text proposal below. Send an LS to RAN4 requesting to capture the assumption of 0dB power offset between PDCCH and CSI-RS for calculating hypothetical PDCCH BLER in TS38.133.
· Alt-2: 


	Text proposal for Section 4.1.4 in TS38.214
< Unchanged parts are omitted >
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.
< Unchanged parts are omitted >



	Company(s)
	View/position

	Ericsson
	Alt-1

	Spreadtrum
	Alt-1. This power offset is only used for hypothetical BLER calculation, and for actual PDCCH transmission, gNB has its discretion to boost the power, and the channel estimation is based on DMRS for each PDCCH candidate.

	CATT
	Agree to move this to RAN4 spec

	Qualcomm
	We do not agree with the proposal below.

In the first agreement in RAN191 we said:
	Agreement 
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS 



 Then, in the next meeting we said:
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 
 
We do not agree to remove this sentence, as the first agreement stands that there will be a fixed value of 0 dB for SSB to PDCCH, where a specific functionality was not written. Note that this is needed for AGC loop using the CSIRS measurement in TRS to drive the AGC and receive the PDCCH.  Note that we also have CSIRS to PDSCH.

	Huawei, HiSilicon
	Alt-1

	
	

	
	

	
	

	
	

	
	



Proposal:
Agree on the text proposal below. Send an LS to RAN4 requesting to capture the assumption of 0dB power offset between PDCCH and CSI-RS for calculating hypothetical PDCCH BLER in TS38.133.
	Text proposal for Section 4.1.4 in TS38.214
< Unchanged parts are omitted >
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.
< Unchanged parts are omitted >



UE assumption for ZP CSI-RS

Description:
[bookmark: _Hlk511552845]To implement the conclusion that UE performs the same measurement on NZP CSI-RS or CSI-IM regardless of whether they collide with ZP CSI-RS or not, the following solutions were proposed.

Alternatives:
· Alt-1
	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 >



· Alt-2
	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 NZP-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, unless otherwise specified or indicated.
< Unchanged parts are omitted >


· Alt-3
	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.
< Unchanged parts are omitted >





	Company(s)
	View/position

	Samsung
	Alt-1

	Ericsson
	Alt-2

	Huawei, HiSilicon
	Alt-2

	Qualcomm
	Could someone describe the difference in the functionality of the two alternatives? The first  is using the words of the agreement. Does the second mean something different functionally?

	ZTE
	Alt-2

	CATT
	Alt-2

	LGE
	Alt-3 (We think deleting the expressions as in Alt-3 seems sufficient and aligned with the conclusion)

	Nokia
	Alt-1 or Alt-2

	
	

	
	



Proposal:
Agree on the text proposal below.
	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 NZP-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, unless otherwise specified or indicated.
< Unchanged parts are omitted >



Alignment between ZP and NZP CSI-RS

Description:
It is reported that there is some misalignment between ZP CSI-RS and NZP CSI-RS configuration and should be fixed. The following solutions were proposed. 

Alternatives:
· Alt-1: The editor is respectfully suggested to check the potential misalignment between ZP CSI-RS and NZP CSI-RS configuration in Section 5.1.4.2 and 5.2.2.3.1 in TS38.214, and revise them accordingly.
· Alt-2:

	Company(s)
	View/position

	CATT
	Alt-1

	Ericsson
	It would be helpful to list the misalignments

Also, please note that there is a dependency on the CSI-RS frequency occupation discussion (Section 2.1.1 above).

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Overlapping between PDSCH and CSI-RS for mobility

Description:
It is reported that the agreement that UE does not perform rate matching on REs overlapped with CSI-RS for mobility can be interpreted in two different ways: 1) PDSCH is punctured, 2) PDSCH and CSI-RS for mobility are transmitted in a superposition manner. The following solutions were proposed.

Alternatives:
· Alt-1: PDSCH is punctured on the RE configured for CSI-RS for mobility for serving cell, and agree on the text proposal below.
· Alt-2: No need to specify

	Text proposal for Section 7.3.1.5 in 38.211
< Unchanged parts are omitted >
the corresponding resource elements in the corresponding physical resource blocks are
-	not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as described in clause 7.4.1.1.2
-	not used for non-zero-power CSI-RS according to clause 7.4.1.5, except for non-zero-power CSI-RSs configured by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE
- resource elements belonging to PRBs in which non-zero-power CSI-RSs configured for the serving cell by the higher-layer parameter CSI-RS-Resource-Mobility in the MeasObjcectNR IE is transmitted shall be counted in the PDSCH mapping but not used for transmission of the PDSCH
< Unchanged parts are omitted >



	Company(s)
	View/position

	MediaTek
	Alt-1

	Qualcomm
	To us, there is no need for further clarification. Either first or second interpretation does not matter, since the UE will not do anything differently when it comes to PDSCH reception because of CSIRS of mobility colliding on these REs. This text is not needed. 
To @MTK question below, the UE should not worry about superpsotion or puncturing; the UE will not do anything differently, so it is up to gNB (if they want to) to have a good implementation and do not distort the measurement. 

	Spreadtrum
	Alt-1, as it is clear that UE is not required to perform interference cancellation on the overlapping REs, if it is not covered by ZP CSI-RS.

	CATT
	Agree with QC, no need to specify, does not have impact on UE behavior.

	LGE
	Similar understanding as Qualcomm. We think “2) PDSCH and CSI-RS for mobility are transmitted in a superposition manner” can be applied based on the previous agreement up to gNB implementation, and we don’t think the proposed text is needed. 

	Ericsson
	Alt-2 (Agree with QC - no need for further clarification). In fact, the proposed text is contradictory to the original agreement to remove any dependencies between PDSCH and CSI-RS for mobility.

	MediaTek
	The case is the serving cell CSI-RS for mobility when not rate match with PDSCH.

We have concern on the superposition way. Let’s think that, for UE at another cell to measure this cell where CSI-RS for mobility and PDSCH are transmitted in superposition way, how can the UE at the another cell measure properly?

	Samsung
	Agree with QC.

	Nokia
	Alt-2

	
	



Overlapping between CORESET and CSI-RS
Description:
Current description in 38.214 is inaccurate regarding the restrictions of multiplexing CSI-RS with CORESET. 

Alternatives:
· [bookmark: OLE_LINK47]Alt-1: Use the If the UE is configured with a CSI-RS resource and a CORESET in the same OFDM symbol(s), the UE may assume that a PDCCH DM-RS transmitted in the 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 the CSI-RS in PRBs that overlap those of the CORESET on the symbols UE is configured with a search space to monitor the CORESET.
· Alt-2:


	Company(s)
	View/position

	vivo
	Alt-1

	Ericsson
	Alt-1. Agree with vivo that clarification is needed now that a CORESET only indicates the frequency allocation for the associated search spaces. The time allocation (symbol indice(s) are defined within a search space.

Perhaps more clear wording could be the following:

If the UE is configured with a CSI-RS resource and a search space associated with a CORESET in the same OFDM symbol(s), the UE may assume that a PDCCH DM-RS transmitted in the search space 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. on the symbols UE is configured with a search space to monitor the CORESET.

	Qualcomm
	Indeed this seems to be an issue, we are OK with the TP from Ericsson. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Max number of NZP CSI-RS resources

Description:
It is reported that using 192 as the maximum number of NZP CSI-RS resources per CC is not enough for accommodating all use cases, e.g., TRS with multiple beams, A-TRS. The following solutions were proposed.

Alternatives:
· Alt-1: Change the maximum number of NZP CSI-RS resources per CC from 192 to 288 and include as part of an LS to RAN2.
· Alt-2: 

	Company(s)
	View/position

	[bookmark: OLE_LINK4][bookmark: OLE_LINK3]MediaTek
	Alt-1

	Qualcomm
	Do not change the agreement

	CATT
	Needs further explanation on this, just can’t see the necessity. 

	MediaTek
	If one CSI-RS resource set stands for a beam, there are 4 resources in a set for TRS. The previous number is 32 for TRS which means it allows 8 beams.

We wonder 8 beams is sufficient for FR2. This is why we consider 32 resource sets (beam), and 2 resources in a set, for periodic and aperiodic TRS. Then the total number of nzp csi-rs for TRS becomes 2*32*2 = 128

As such, the max nzp csi-rs resources becomes 128+32+128=288

	
	

	
	

	
	

	
	

	
	

	
	



Link direction for symbols with CSI-RS

Description:
It is reported that the current description on link direction for symbols carrying CSI-RS is misleading. Only the OFDM symbols allocated for a CSI-RS resource needs to be downlink symbols, and not all the symbols in the candidate slot should be downlink symbols. The following solutions were proposed. 

Alternatives:
· Alt-1: Agree on the text proposal below. 

	[bookmark: _Hlk514340136]Text proposal for Section 7.4.1.5.3 in 38.211
< Unchanged parts are omitted >
where the periodicity [image: ] (in slots) and slot offset [image: ] are obtained from the higher layer parameter CSI-ResourcePeriodicityAndOffset. The UE shall assume that CSI-RS is transmitted in a candidate slot only if all OFDM symbols of that slot corresponding to the configured CSI-RS resource are classified as 'downlink' configured as 'downlink' or ‘flexible’ in the candidate slot.
< Unchanged parts are omitted >



	Company(s)
	View/position

	OPPO
	Alt-1. We are OK with ZTE’s wording.

	Huawei, HiSilicon
	Alt-1

	Qualcomm
	The text in the spec is OK already, we don’t see the need to change the text. Note that there is a section in 213 that describes procedures on this. 

	ZTE
	We prefer use similar description as SRS in 211:
SRS may be transmitted only if all OFDM symbols corresponding to the configured SRS resource are semi-statically configured as 'uplink' or 'flexible' in the candidate slot and SRS transmission is allowed by the procedure in clause 11.1 of [5, TS 38.213]

Then, we propose:
CSI-RS may be transmitted only if all OFDM symbols corresponding to the configured CSI-RS resource are semi-statically configured as 'downlink' or 'flexible' in the candidate slot and CSI-RS transmission is allowed by the procedure in clause 11.1 of [5, TS 38.213]

	Spreadtrum
	Support ZTE’s proposal.

	CATT
	Not agreed, no need to change.

	Ericsson
	Don’t agree to proposal. What happens if some symbols are classified as ‘flexible’ but PDCCH schedules an UL transmission in those symbols? Also, what happens if a slot is configured as ‘flexible’ and GC-PDCCH indicates the slot is UL?

	Samsung
	Fine with ZTE’s suggestion.

	Nokia
	ZTE’s suggestion is good. But this would be editorial issue rather than essential correction

	
	


[bookmark: _Hlk514341263]
Sharing CSI-RS for different functionalities

Description:
It is reported that there may be some confusion at UE side if an NZP CSI-RS resource is shared for different functionalities, i.e., belongs to different sets configured for different functionalities simultaneously. The following solutions were proposed. 

Alternatives:
· Alt-1: When an NZP CSI-RS resource ID belongs to an NZP CSI-RS resource set with trs-Info configured or configured for CSI acquisition, the NZP CSI-RS resource ID cannot belong to another NZP CSI-RS resource set with repetition configured.
· Alt-2: No need to change/update the current specification for this issue. 

	Company(s)
	View/position

	Qualcomm
	Alt-1

	Spreadtrum
	Alt-1 for Rel-15 for the sake of simplicity.

	CATT
	Agree with the issue, but how to adopt this kind of configuration limitation into spec needs further discussion together with other similar issues raised already.

	LGE
	Alt-2 (in that there is no ambiguity in UE behavior for such different configuration cases, which are up to gNB responsibility/configurability). 

	vivo
	Agree with LGE.

	Ericsson
	Do not agree with Alt-1
The real problem is if two resources, regardless of same or different ID, map to the same OFM symbol, and the resources are classified for different purposes, e.g., TRS and beam management. This issue is one of the many issues to be considered in the simultaneous transmission/reception agenda item for the case of CSI-RS/CSI-RS. It should be handled as part of that discussion.

	Samsung
	Alt-2.

	Nokia
	Alt-2

	
	

	
	



TCI configuration for A-CSI trigger state 

Description:
It is reported that multiple CSI report settings can be included in one A-CSI trigger state, and when the same NZP CSI-RS resource is associated with multiple CSI reports in the same A-CSI trigger state, the same TCI-StateId should be configured. The following solutions were proposed.

Alternatives:
· Alt-1: When the same NZP CSI-RS resource is associated with more than one CSI report in the same A-CSI trigger state, the same TCI-StateId should be configured for the NZP CSI-RS resource in the A-CSI trigger state.
· Alt-2:

	Company(s)
	View/position

	Qualcomm
	Alt-1.with further clarification of why we think there is a problem and needs some spec change: In 331, the TCI is given per resource for each resource set. Imagine a scenario of 4 sets, each one has only 1 resource which is the same one resource for all sets. Then, based on current 331, the TCI would provide 4 times the TCI state for this resource. We are ok with the structure(if that is the structure that RAN2 decided), but at least it should be clarified that for these cases, all the configured TCI states are the same.

@Ericsson, the issue of different CSIRS resources can be treated in MUX RS of FR2, but the issue that the same CSIRS resource ID can be triggered with different QCL Type on the same OFDM symbol is a CSIRS error situation which was an outcome of RAN2 re-organization of the corresponding IEs. 
 
@ZTE and @LGE: Please see more carefully the current specification in 38.331 in the CSI-AperiodicTriggerStateList IE:

	resourcesForChannel					CHOICE {
       nzp-CSI-RS							SEQUENCE {
			-- NZP-CSI-RS-ResourceSet for channel measurements. Entry number in nzp-CSI-RS-ResourceSetList in the CSI-ResourceConfig 
			-- indicated by resourcesForChannelMeasurement in the CSI-ReportConfig indicated by reportConfigId above 
			-- (1 corresponds to the first entry, 2 to thesecond entry, and so on).
			resourceSet		INTEGER (1..maxNrofNZP-CSI-RS-ResourceSetsPerConfig),

			-- List of references to TCI-States for providing the QCL source and QCL type for for each NZP-CSI-RS-Resource 
			-- listed in nzp-CSI-RS-Resources of the NZP-CSI-RS-ResourceSet indicated by nzp-CSI-RS-ResourcesforChannel. 
			-- First entry in qcl-info-forChannel corresponds to first entry in nzp-CSI-RS-Resources of that NZP-CSI-RS-ResourceSet, 
			-- second entry in qcl-info-forChannel corresponds to second entry in nzp-CSI-RS-Resources,
			-- and so on. Corresponds to L1 parameter 'QCL-Info-aPeriodicReportingTrigger' (see 38.214, section 5.2.1.5.1)
			qcl-info						SEQUENCE (SIZE(1..maxNrofAP-CSI-RS-ResourcesPerSet)) OF TCI-StateId
		},


	ZTE
	Agree with the proposal. But nothing need to be done in the current specification since TCI is already configured per CSI-RS resource.

	Spreadtrum
	Alt-1. In our understanding, the TCI states are configured with one-to-one association with each AP CSI-RS across all reportConfigs. So if the same resources are associated with different reportConfigs, UE shall only expect duplicated TCI states.

	CATT
	Agree. 

	LGE
	We have similar understanding with ZTE. It seems no spec change/update needed.

	vivo
	Alt-1. Regarding ZTE’s comment, for aperiodic CSI-RS, it is not configured per resource.

	Ericsson
	Do not agree with Alt-1

This is similar to the issue raised in the prior section. A problem arises if two resources (same or different IDs) appear in the same OFDM symbol with different QCL sources (provided by TCI states). How should the UE handle this? Again, it should be treated in the simultaneous Tx/Rx agenda item under the CSI-RS/CSI-RS case.

	Samsung
	Alt-1

	
	

	
	



Allowed combination of RRC configurations

Description:
It is reported that the allowed combinations of RRC configurations regarding report quantity and repetition behavior is not fully understand nor captured. The following solutions were proposed.

Alternatives:
· Alt-1: When a CSI-ReportConfig is configured with reportQuantity set to “none” and the associated CSI-ResourceConfig includes NZP-CSI-RS-ResourceSet configured with repetition, the UE should only expect the higher layer parameter repetition set to ‘on’.
· Alt-2:

	Company(s)
	View/position

	LG
	Alt-1

	MediaTek
	Alt-1

	Huawei, HiSilicon
	If configured this way, UE is expected to perform Rx beam refinement. In this case, does UE perform symbol-level rate matching on PDSCH if transmitted?

	
	

	
	[bookmark: _GoBack]

	
	

	
	

	
	

	
	



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
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