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Agreed RRC parameters in [90b-NR-19]

Agreements:
· At least the following set of RRC parameters are to be used for configuring CSI-RS
· Decide in RAN1#91 on whether or not to support the parameters in brackets and possible revisions
 
	RRC Parameter Name
	Description
	Value range / Sub-parameters

	NZP-CSI-RS-ResourceConfig
	NZP CSI-RS resource configuration
	

	NZP-CSI-RS-ResourceConfigId
	NZP-CSI-RS resource configuration ID
	0 .. NZP-CSI-RS-ResourceMax – 1

	ResourceConfigType
	Time domain behavior of resource configuration
	aperiodic, semi-persistent, or periodic

	CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent CSI-RS
	Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots
Slot offset: For CSI-RS periodicity P, the supported offsets are 0…P-1

	NrofPorts
	Number of ports
	1, 2, 4, 8, 12, 16, 24, 32

	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
	FFS

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	FFS

	CSI-RS-Density
	Density of CSI-RS resource measured in RE/port/PRB
	{1/2, 1, 3} for X = 1
{1/2, 1} for X = {2, 16, 24, 32}
{1} for X = {4, 8, 12}
Note: Other densities and restriction based on functionality can be added later if agreed

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	FFS

	Pc_PDSCH
	Power offset of NZP CSI-RS RE to PDSCH RE
	FFS

	[Pc_PDCCH_DMRS]
	[Power offset of NZP CSI-RS RE to PDCCH DMRS RE]
	FFS

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	FFS

	[CC/BWP-Info]
	[Indication of which CC/BWP the configured CSI-RS is located in
FFS: whether or not this parameter belongs within a CSI-RS resource configuration or within a CSI-RS resource set configuration]
	FFS

	[QCL-Info]
	[QCL info (e.g., QCL relation(s), QCL parameters, QCL type) between reference RS(s) (e.g., SS, CSI-RS on same or different CC/BWP) and the target CSI-RS, also captures QCL amongst ports within the CSI-RS resource
FFS: whether to merge this parameter to TCI]
	[For QCL amongst ports within the CSI-RS resource, include the following two cases:
Case 1: All ports are QCLed with respect to all parameters
Case 2: No QCLed (FFS on QCLed w.r.t. partial parameters; FFS on QCLed within the same port group and number of port groups)]

	[NonPMI-FeedackPortIndices]
	[For non-PMI feedback, configuration of port index selection for RI/CQI calculation per rank]
	FFS

	ScramblingID
	Scrambling ID
	FFS

	ZP-CSI-RS-ResourceConfig
	ZP CSI-RS resource configuration
	FFS

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

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	FFS

	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	FFS

	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	FFS



Summary of CSI-RS offline

Offline 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

Target: Figure out and resolve all RRC related issues

Details for the existing parameters

· For scrambling ID for CSI-RS:
· Bit-length:
· Alt-1: 16
· Alt-2: 15
· Alt-3: 13
· Alt-4: 11
· Alt-5: 10
· Default value:
· Alt-1: No default value, scrambling ID is always explicitly configured
· Alt-2: Physical cell ID

	ScramblingID
	Scrambling ID
	Bit-length:
Alt-1: 16
Alt-2: 15
Alt-3: 13
Alt-4: 11
Alt-5: 10
Default value:
Alt-1: No default value, scrambling ID is always explicitly configured
Alt-2: Physical cell ID

	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
	FFS

	CDMType
	Includes parameters to capture CDM value (1, 2, 4, or 8), CDM pattern (freq only, time and freq, time only)
	FFS

	CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band CSI-RS
	FFS

	Pc_PDSCH
	Power offset of NZP CSI-RS RE to PDSCH RE
	Reuse the allowed CSI-RS-to-PDSCH power offset values in LTE

	Pc_SS
	Power offset of NZP CSI-RS RE to SS RE
Note: This parameter is optional
	FFS

	ZP-CSI-RS-ResourceConfig
	ZP CSI-RS resource configuration
	FFS

	ZP-CSI-RS-ResourceMapping
	Include parameters to capture OFDM symbol and subcarrier occupancy of the ZP CSI-RS resource within a slot
	FFS

	ZP-CSI-RS-timeConfig
	Contains periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	FFS

	ZP-CSI-RS-FreqBand
	Includes parameters to enable configuration of wideband and partial band ZP-CSI-RS
	FFS



Whether to have several new RRC parameters:

	[Pc_PDCCH_DMRS]
	[Power offset of NZP CSI-RS RE to PDCCH DMRS RE]
	FFS

	[CC/BWP-Info]
	[Indication of which CC/BWP the configured CSI-RS is located in
FFS: whether or not this parameter belongs within a CSI-RS resource configuration or within a CSI-RS resource set configuration]
	FFS

	[QCL-Info]
	[QCL info (e.g., QCL relation(s), QCL parameters, QCL type) between reference RS(s) (e.g., SS, CSI-RS on same or different CC/BWP) and the target CSI-RS, also captures QCL amongst ports within the CSI-RS resource
FFS: whether to merge this parameter to TCI]
	[For QCL amongst ports within the CSI-RS resource, include the following two cases:
Case 1: All ports are QCLed with respect to all parameters
Case 2: No QCLed (FFS on QCLed w.r.t. partial parameters; FFS on QCLed within the same port group and number of port groups)]

	[NonPMI-FeedackPortIndices]
	[For non-PMI feedback, configuration of port index selection for RI/CQI calculation per rank]
	FFS



Additional issues which may have RRC impacts

· Comb offset for D=1/2
· RE density for 1-port CSI-RS

	TRS_INFO
	Includes parameters (three different elements) to enable the configuration of the joint use of different CSI-RS resources and synchronization signal block (SSB) resources for TRS functionalities
	Element 1: boolean value information element associated with the CSI-RS resource, i.e, TRS to {‘ON/OFF’}. 
Element 2: CSI-RS resource CSI-set ID or SSB resource indicator being used with this specific resource. 
Element 3: CSI-RS resources ID(s) or CRIs or SS-block resource that are used with this specific resource ID. 



Remaining details

R1-1721492 WF on CSI-RS sequence LG Electronics, Qualcomm, Samsung, Nokia, Nokia Shanghai Bell, ZTE, Sanechips

· For NR CSI-RS sequence,
· Use length-31 Gold sequence in LTE
· Gold Code LFSR size: 31
· Gold Code Polynomials:
· Sequence modulation is QPSK
· CSI-RS sequence initialization formula is composed of at least symbol index within a slot, slot index within a frame, scrambling ID with 10 bits, and modulo operation considering these parameters.
· E.g.,
· 
· , where 
· 

Summary of views from companies in [90b-NR-19]
Sequence initialization
Bit-width for scrambling ID
Alternatives:
· 16 bits
· 10 bits (analogous to LTE)
· Matching bit-width of C-RNTI
	NEC
	16 bits

	ZTE, Sanechips
	10 bits

	Intel
	10 bits

	Samsung
	10 bits

	Huawei, HiSilicon
	16 bits to increase the flexibility of CSI-RS planning. In NR, there may be many TRPs/beams may interfere with one another within the same cell or between neighboring cells. An increased size of scrambling ID provides a larger pool of CSI-RS sequences for a given symbol and slot number and, in turn, reduces the chance of both intra-cell and inter-cell collision (or unacceptably large cross correlation) and/or facilitates more flexible CSI-RS planning to avoid such collision (or unacceptably large cross correlation). With a short scrambling ID (such as 10 bits), the CSI-RS collision rate increases and adversely impacts the CSI estimation quality especially in lower CSI-RS densities. Simulations have been performed to quantitatively show the effect of increasing the size of scrambling ID on reducing collision chance (large cross correlation).

	LGE
	10 bits

	Ericsson
	In our view, it is beneficial to adopt a common sequence initialization formula for CSI-RS and DL DMRS, including the same bit width for the scrambling ID for both CSI-RS and DL DMRS. From a MU-MIMO perspective for DL DMRS, it is beneficial to support multiple scrambling IDs per cell. Since the number of cells is 1008, in our view, the bit width of the scrambling ID should be greater than 10 bits to allow configuration of multiple scrambling IDs per cell. This will ease network planning. In this sense, we agree with Huawei that more than 10 bits can be beneficial for CSI-RS (inheriting the bit width for DMRS). However, 16 may be too many since 16 + 16 > 31 (bit width of c_init). Hence, we propose that the bit width is in the range 10 < x <=15, where x is FFS. 

	OPPO
	10bits

	CATT
	Support 16 bits to increase CSI-RS planning flexibility, where different CSI-RS resources configured for a UE may use different CSI-RS sequences.

	Qualcomm
	10bits

	Vivo
	The number of Scrambling ID should be larger than that of cell ID, i.e. 1008 for different TRPs/beams within cells.

	
	


RRC Impact: The bit width will only affect the range of possible values for the already existing RRC parameter ScramblingID. No new RRC parameter is needed.


Timing information
OFDM symbol index within a slot
	NEC
	We support this parameter to be included.

	ZTE, Sanechips
	Similar with LTE, both OFDM symbol index and slot index are used.

	Intel
	Support OFDM symbol

	Samsung
	Open to include both slot and symbol index analogous to LTE. However, the potential limited payload for sequence initialization should be considered first.

	Huawei, HiSilicon
	Support OFDM symbol index in slot

	DOCOMO
	Support OFDM symbol

	LGE
	Support OFDM symbol index

	Ericsson
	Support OFDM symbol index within a slot in the formula for c_init

	OPPO
	Support OFDM symbol index with a slot.

	CATT
	Same as LTE

	Nokia
	Support OFDM symbol index

	Qualcomm
	Support OFDM symbol index within a slot

	vivo
	Support OFDM symbol index

	mtk
	We support OFDM symbol index within slot 


RRC Impact: None


Slot index
	NEC
	We support different ranges of slot index are defined for different SCS values. In addition, for larger SCS, the slot index may take the value modulo a fixed value to make sure the length of c_init not exceed 31.

	ZTE, Sanechips
	Similar with LTE, both OFDM symbol index and slot index are used.

	Intel
	Support slot index

	Samsung
	Open to include both slot and symbol index analogous to LTE. However, the potential limited payload for sequence initialization should be considered first.

	Huawei, HiSilicon
	Support slot index

	DOCOMO
	Support slot index

	LGE
	Support slot index

	Ericsson
	Support slot index within a radio frame in the formula for c_init

	OPPO
	Support slot index

	CATT
	Same as LTE

	Nokia
	Support slot index

	Qualcomm
	Support slot index with a fixed range for all SCS values

	vivo
	Support slot index within a radio frame

	mtk
	As what we have in LTE: slot number within a radio frame


RRC Impact: None


Frequency information
Subcarrier index within an RB
	NEC
	We support the sequence is commonly generated with RB index, and generated with 12 values for 12 subcarriers within one RB. And within one RB, for different CSI-RS component, values are abstracted from corresponding subcarriers. For RB level, the sequence values of CSI-RS with low density are abstracted from corresponding RBs.

	Intel
	Same PN sequence for all ports in PRB.

	Huawei, HiSilicon
	We do not see any need for this.

	LGE
	Not support

	Ericsson
	Not clear exactly what this means; however, our view is that sequences should be generated on a per-RE basis within the carrier bandwidth and mapped to CSI-RS REs resulting in a resource specific design. In other words, the CSI-RS symbol values depend on the PRB position of the CSI-RS resource within the carrier bandwidth, like in LTE.

	OPPO
	No need

	CATT
	Not support

	Nokia
	Initialization is not related with RE index

	ZTE, Sanechips
	No need for c_init

	Qualcomm
	No need

	vivo
	Not support

	mtk
	It is not needed


RRC Impact: None


RB index
	Intel
	Modulation symbol should be different from different PRBs

	Samsung
	No support (prefer to use frequency information for sequence generation but not for sequence initialization.)

	Huawei, HiSilicon
	We do not see any need for this.

	LGE
	Not support.

	Ericsson
	Not clear what this means

	OPPO
	No need

	CATT
	Not support

	Nokia
	Not support

	ZTE, Sanechips
	No need for c_init

	Qualcomm
	No need

	vivo
	Not support

	mtk
	Not needed

	
	


RRC Impact: None


Subcarrier spacing
	NEC
	We support to include SCS in the c_init generation. And for different subcarrier spacing values, the ranges of some parameters are different, e.g. slot index as mentioned above.

	ZTE, Sanechips
	Not support

	Intel
	Open to include this parameter for c_init

	Huawei
	We do not see any need for this.

	LGE
	Not support

	Ericsson
	Do not support inclusion of the sub-carrier spacing in the formula for c_init

	OPPO
	No need

	Samsung
	Open to include related parameter(s)

	CATT
	Not support

	Nokia
	Not support

	Qualcomm
	No need

	vivo
	Not support

	mtk
	Not needed


RRC Impact: None


CP type, e.g., NCP, ECP
	NEC
	We support the initialization includes parameter CP type for 60kHz only.

	ZTE, Sanechips
	Can be omitted

	Intel
	Open to include this parameter for c_init

	Samsung
	Can be omitted.

	LGE
	Including the CP type for c_init is not necessary.

	Ericsson
	Do not support inclusion of the CP type in the formula for c_init

	OPPO
	No need

	CATT
	Same as LTE

	Qualcomm
	No need

	vivo
	Not support

	mtk
	Not needed


RRC Impact: None


Mapping of sequence values to CSI-RS REs
Alternatives:
· per RE
· per RB
· per OFDM symbol 
· per slot
	ZTE, Sanechips
	Per RE. the final sequence is generated by Kronecker product between two Gold sequences, where the length of the first one is the maximal number of PRBs, and the second length is 12

	Intel
	Same mapping approach as in LTE. To avoid power imbalance issue we also prefer to apply OCC code cycling across PRBs. 

	Samsung
	Per RE.

	Huawei
	Per RE. A longer CSI-RS sequence is generated to guarantee each CSI-RS RE is mapped with a different QPSK symbol.

	LGE
	Per RE

	Ericsson
	Per RE mapping.
Similar to Intel’s proposal, we prefer that for a given port index, the corresponding OCC is cycled across PRBs to avoid a power imbalance. Like our comment in Section 1.3.1, this should be done in a resource specific manner. Contrary to Intel’s proposal, we don’t see a need to apply OCC across CDM groups.

	OPPO
	Per RE similar to LTE

	CATT
	Same as LTE

	Nokia
	Per RE

	Qualcomm
	Per RE. The length of the LTE legacy gold sequence is 2^31, which is large enough to support the needed number of REs. The extraction can be based on the subcarrier index per CSI-RS transmission bandwidth.

	vivo
	Per RE

	mtk
	Per RE, and we also consider the cycling of OCC code


RRC Impact: None


Periodicity and offset
Periodicity
· Note: Periodicities of {5, 10, 20, 40, 80, 160, 320, 640} slots are already agreed for CSI-RS transmission
· Whether/how to restrict the periodicity as a function of subcarrier spacing
	ZTE, Sanechips
	no restriction

	Intel
	no restriction

	DOCOMO
	no restriction

	Ericsson
	No restriction

	OPPO
	{5, 10} is not needed for 60kHz/120kHz SCS, {320, 640} is not needed for 15kHz/30kHz SCS

	CATT
	No restriction

	Qualcomm
	Restriction based on SCS: {5,10} no needed for 60kHz/120kHz

	vivo
	{5} is not needed for 60kHz/120kHz SCS. The restriction of {320, 640} seems not necessary for 15kHz/30kHz SCS.

	mtk
	We suggest to have some restriction in RAN1. We have similar view as QC to restrict {5, 10} not for 60k/120k SCS 


RRC Impact: The supported periodicities are to be included in the already existing RRC parameter CSI-RS-timeConfig.


Offset
Alternatives:
· E.g., the same values of slot offsets of LTE, for SCS of 15 kHz
· E.g., N times number of slot offsets of LTE, for SCS of N * 15 kHz
· E.g., the same values of slot offsets of LTE, for all SCS
	ZTE, Sanechips
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	Intel
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	DOCOMO
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	Ericsson
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	OPPO
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	Samsung
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	CATT
	Same values as LTE for all SCS

	Qualcomm
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	vivo
	For CSI-RS periodicity P, the supported offsets are 0…P-1

	mtk
	the supported offsets are 0…P-1


RRC Impact: The supported slot offsets are to be included in the already existing RRC parameter CSI-RS-timeConfig.


Densities for CSI-RS, i.e., D
· Note: D = 1, 3 is already agreed
For X = 1
	ZTE, Sanechips
	2, 3, 4, 6

	Intel
	2, 3, 4, 6

	Samsung
	3/2, 3, 6

	LGE
	At least 3

	Ericsson
	At least D = 3

	OPPO
	3/2, 3, 6

	CATT
	2, 3, 4, 6

	Nokia
	2, 4, 6, 12

	Qualcomm
	3 for TRS (agreed already), 1 for CSI acquisition (agreed), 1 and 3 for BM

	vivo
	3; 2 should not be supported due to the limited RE sharing possibility between 2 and 3;

	mtk
	D=3 for TRS and CSIRS BM,  D=1 for CSI acquisition


RRC Impact: The supported density(ies) are to be included in the existing RRC parameter CSI-RS-Density.


For X = 2 for BM
· Note: D = 1 (subject to RAN4 feedback)
	LGE
	According to RAN4 reply in R4-1711697, D=1 is feasible for X=2

	Ericsson
	D = 1 only (according to previous RAN1 agreement and RAN4 LS reply R4-1711697).

	OPPO
	D=3/2 (can achieve better performance than D = 1)

	Samsung
	Support D=1 for X=2 by R4-1711697

	Qualcomm
	D = 1

	vivo
	D = 1

	
	


RRC Impact: The supported density is to be included in the existing RRC parameter CSI-RS-Density.


Indication of D
	Ericsson
	This is indicated by the already existing RRC parameter CSI-RS-Density

	Qualcomm
	RRC configured

	
	

	
	


RRC Impact: This is indicated by the already existing RRC parameter CSI-RS-Density


Non-uniform mapping of component patterns
· For {X=24, 32}-port CSI-RS which span N=4 OFDM symbols, whether or not to support different number of component CSI-RS RE patterns between two pairs where each pair is composed of two adjacent OFDM symbols
	NEC
	We also support to consider different number of component CSI-RS RE patterns between two pairs for multiplexing with other RS/channels, while we think it’s better to restrict the pair with less number of components nested within the pair with more number, which will maintain “uniform” as much as possible. And this restriction may also have benefit to reduce the configuration signaling overhead.

	ZTE, Sanechips
	Not support

	Intel
	No support

	Samsung
	Support given that the current agreements already support full flexibility for 1-port CSI-RS resource, which means there will be no more RRC impact or RRC overhead.

	DOCOMO
	No support. These exceptions can be avoided by allowing additional symbol location as in Q6.

	LGE
	Support the different number of component CSI-RS RE patterns, but we can agree possible restrictions according to complexity issue as NEC commented. Similar to Samsung’s comment, we don’t see any extra RRC impact or RRC overhead for this non-uniform mapping of component patterns. Furthermore, even if additional symbol location will be agreed, the different number of component RE patterns is difficult to be avoided in consideration of various slot formats and RSs.

	Ericsson
	No need to support. 24-port CSI-RS can already coexist with TRS. For 32 port, there are sufficient configuration possibilities for both CSI-RS and TRS to enable coexistence.

	OPPO
	No need. 

	Huawei, HiSilicon
	No need. 

	CATT
	Support considering flexibility.

	Nokia
	Not support

	Qualcomm
	Not supported

	vivo
	Not supported

	mtk
	We support LGE proposal


RRC Impact: None


Additional symbol location for CSI-RS within a slot
· Note: The {6, 7, 8, 9, 10, 11, 13, 14}-th OFDM symbol (indexing start at 1) are agreed
	ZTE, Sanechips
	Support 4, 5, 12 in addition to {1, 2, 3, 6, 7, 8, 9, 10, 11, 13, 14}

	Intel
	4, 5, 12

	DOCOMO
	4 and 12 to accommodate four adjacent component patterns in time domain.

	LGE
	At least 4, 5

	Ericsson
	In our understanding only symbol locations {6,7,8,9,10,11,13,14} have been agreed so far. 
We propose adding symbol 5

	CATT
	4, 5, 12

	Nokia
	4, 5

	Qualcomm
	4, 5

	vivo
	Adding symbol index 5

	mtk
	TRS is agreed to be at 5th symbol. So, CSI-RS should also support it


RRC Impact: Symbol locations are to be included in the existing RRC parameter CSI-RS-ResourceMapping.


Configuration parameters for CSI-RS bandwidth
· [bookmark: OLE_LINK7]Values for N and X when CSI-RS spans a BW smaller the BWP
	ZTE, Sanechips
	N = 4, X = 0 (i.e. up to gNB implementation)

	Samsung
	N is equal to the minimum bandwidth of CSI reporting, X=1 (prefer explicit signaling on the starting RB and ending RB for CSI-RS transmission.)

	Ericsson
	Starting PRB position of CSI-RS resource requires specification as well

	CATT
	[bookmark: OLE_LINK4]N equals to minimum bandwidth of CSI reporting, X=1

	Intel
	Our understanding that CSI-RS can be discontinuous in the frequency domain. Some bitmap for a given BWP may be needed to indicated which PRBs are occupied.

	Qualcomm
	X = 20

	vivo
	N is equal to the configured reporting subband size; X=1; 

	
	


RRC Impact: Parameters specifying CSI-RS bandwidth are to be included in the already existing RRC parameter CSI-RS-FreqBand.


Allowed CSI-RS-to-PDSCH power offset values
· E.g., same values as in LTE
	NEC
	Same values as in LTE can be taken as a starting point. And we support different power offset values for different CSI-RS components, for example, different components in different symbols.

	ZTE, Sanechips
	Same values as LTE

	Intel
	Same values as supported by LTE.

	Samsung
	Same values as LTE.

	LGE
	Same values as LTE

	Ericsson
	RRC Impact: Supported power offset values are to be included in existing RRC parameter Pc.

	OPPO
	Same values as LTE

	Huawei, HiSilicon
	Consider supporting different power offset values for different CSI-RS patterns (e.g., different densities)

	CATT
	Same values as LTE.

	Nokia
	Same values as LTE

	Qualcomm
	Similar to LTE

	vivo
	For CSI acquisition, same values as LTE

	mtk
	Same as LTE


RRC Impact: Supported power offset values are to be included in existing RRC parameter Pc.


Power offset between CSI-RS and SSS
	Intel
	Given the agreement in BM session to support joint CSI-RS / SS block based RSRP calculation, RRC signalling should also support power offset indication between these two types of the reference signals.
Power offset values for CSI-RS relative to SS block are 0 dB, 3 dB, 4.7 dB, 6dB (some refinement may be needed depending on the agreed CSI-RS densities )

	Ericsson
	RRC Impact: Propose adding new RRC parameter Pc_SSB defined within the existing RRC parameter NZP-CSI-RS-ResourceConfig.

	Nokia
	RRC signaling is supported to inform the power offset

	ZTE, Sanechips
	Support this new RRC parameter, but negative values should also be included for power offset values of CSI-RS relative to SSB because SSB is more important 

	Qualcomm
	Support this new RRC parameter, but wide range of values (e.g., negative values) should be considered

	
	

	
	


RRC Impact: Propose adding new RRC parameter Pc_SSB defined within the existing RRC parameter NZP-CSI-RS-ResourceConfig.


Indication of position of CSI-RS units within a slot constituting NZP CSI-RS resource
	Ericsson
	This already captured in the current draft of 38.211, where the CSI-RS component locations are parameterized by starting OFDM symbol locations and a bitmap specifying the frequency domain positions (see Table 7.4.1.5.2-1: CSI-RS locations). In our view the starting OFDM symbol locations and the bitmap should be configurable, hence there is indeed RRC impact. However, an RRC parameter intended to capture this configurability is already included in the list of RRC parameters, namely CSI-RS-ResourceMapping.

	Huawei, HiSilicon
	Bitmap for specifying the time and frequency position of the component patterns

	Samsung
	We suggest to have separated RRC parameters for frequency and time domain RE location indication for simpler design. For example, frequency domain location can be captured by the existing “NZP-CSI-RS-ResourceConfig” and the time domain location can be covered by CSI-RS-ResourceMapping.

	CATT
	Separate RRC parameters for frequency domain and time domain RE location indication

	Intel
	Two bitmaps - one in frequency of length 12/Y and another in time domain of length 14 bits. Kronecker product of two vectors (corresponding to the bitmaps) indicates positions of CSI-RS components in the slot.

	Qualcomm
	Supported, both time and frequency position included in the CSI-RS-ResourceMapping

	vivo
	Consider some signaling overhead reduction method rather than two bitmaps.

	ZTE, Sanechips
	Explicitly configure each component position in the frequency domain and time domain. Bitmaps are not preferred.


RRC Impact: OFDM symbol location of the CSI-RS components are to be included in the already existing parameter CSI-RS-ResourceMapping.


QCL configuration/indication for CSI-RS
According to the agreement in the QCL agenda item in RAN1#90b about signaling the QCL relationship between a reference RS (e.g., SSB, CSI-RS) and a target CSI-RS, there is RRC impact on the configuration of a CSI-RS resource.
	Ericsson
	RRC Impact: Propose adding a new RRC parameter QCL-Info defined within the existing RRC parameter NZP-CSI-RS-ResourceConfig to capture QCL info (QCL relation(s), parameters, type, etc.) between source RS(s) and the target CSI-RS. This is analogous to 36.331 where for Type B QCL, such an IE is defined within a CSI-RS resource configuration CSI-RS-ConfigNZP.

	Intel
	QCL info should also include QCL information for other CSI-RS or SS block including carrier index and other BWPs per agreement in QCL session.

	ZTE, Sanechips
	QCL information between reference RS(s) and target CSI-RS should be decoupled from RS configuration. It is better to be included in TCI configuration via higher signaling. 

	Qualcomm
	Support this RRC parameter, but need to indicate the cross carrier/BWP information, e.g., carrier index and BWP index

	Samsung
	Indication/configuration of QCL relation between a reference RS (e.g. SSB, CSI-RS) and a target CSI-RS (P/SP CSI-RS) can be included as part of the RRC configuration of TCI states. 
Indication of QCL relation between a reference RS (SSB or P/SP CSI-RS) and the target RS (AP CSI-RS) is provided via DCI signaling – No RRC impact is foreseen if the target RS is AP CSI-RS

	vivo
	Should be part of CSI-RS configuration referring to TCI state. 

	LGE
	Proposals 4, 5, 6 in Ericsson’s Tdoc (R1-1720730 for RAN1#91) seems reasonable and straightforward to resolve this issue considering all the cases of AP/SP/P-CSI-RS types, which captured below for convenience (where Proposal 5 may need to be double-checked on whether the MAC-CE activation message should also carry such beam association signaling together or beam association signaling can be separated from this activation signaling):
Proposal 4. For a configured target aperiodic (ap)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB, semi-persistent (sp)-CSI-RS, or periodic (p)-CSI-RS resource) is indicated by DCI signalling of a TCI state ID in the same DCI message that contains the trigger of the ap-CSI-RS resource set.
Proposal 5. For a configured target semi-persistent (sp)-CSI-RS resource in a resource set used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by MAC-CE signalling of a TCI state ID in the same MAC-CE message that contains the activation of the sp-CSI-RS resource(s)/resource set.
Proposal 6. For a configured target periodic (p)-CSI-RS resource used for beam management and/or CSI acquisition, the source RS used for spatial QCL purposes (an SSB) is indicated by an IE within the RRC configuration of the target p-CSI-RS resource, e.g., QCL_Info


RRC Impact: Propose adding a new RRC parameter QCL-Info defined within the existing RRC parameter NZP-CSI-RS-ResourceConfig to capture QCL info (QCL relation(s), parameters, type, etc.) between source RS(s) and the target CSI-RS. This is analogous to 36.331 where for Type B QCL, such an IE is defined within a CSI-RS resource configuration CSI-RS-ConfigNZP.

QCL type indication among CSI-RS ports within one CSI-RS resource
According to the agreement in the QCL agenda item in RAN1#89 about QCL relationship among CSI-RS ports within one resource, two QCL types are defined. It has RRC impact on the configuration of QCL type among CSI-RS ports within one resource. 
	ZTE, Sanechips
	Propose adding a new RRC parameter QCL-type-ports to configure the QCL type of CSI-RS ports within one resource.  0: QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters; 1: Not QCL’ed.
Agreement:
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed

	Qualcomm
	Support 2 QCL groups and CSI-RS ports within one CDM group are QCLed (Similar to DMRS agreements)

	LGE
	We share with ZTE’s view above. In this case, port index reporting should be supported as well to use Not QCLed case for the beam management. 

	NEC
	We share similar view with ZTE. Within one CSI-RS resource, both QCLed and non-QCLed across CDM groups should be supported.

	CATT
	We don’t see use case for not QCLed ports within one resource, multi panel, multi TRP has been de-prioritized in September plenary.


RRC Impact: Propose adding a new RRC parameter QCL-type-ports defined within the existing RRC parameter .


Indication of whether UE is to measure CSI or L1-RSRP
	Intel
	It is better that the UE could know whether it should measure the L1-RSRP or CSI when receiving a CSI-RS.

	Ericsson
	Reporting quantity (CSI or L1-RSRP) is already captured in the existing RRC parameter ReportQuantity

	Samsung
	We don’t see a critical reason to limit usage of a configured RS itself. The corresponding feature can be provided by CSI reporting configuration.

	Qualcomm
	No need to limit the usage of a configured RS resource

	vivo
	Support such indication.

	LGE
	Support such indication to simplify UE implementation via removing ambiguity (e.g. if UE is configured to report CRI only)

	
	


RRC Impact: Reporting quantity (CSI or L1-RSRP) is already captured in the existing RRC parameter ReportQuantity.

Port index indication for non-PMI feedback
	ZTE
	This parameter needs to be added in CSI-RS configuration based on the following agreement.
Agreement:
For non-PMI feedback, support the following port index indication method:
· Port index indication is signaled to UE for RI/CQI calculation in non-PMI feedback
· Port index indication per CSI-RS resource is configured by RRC to select the CSI-RS port(s) used for RI/CQI calculation per rank
· Identity matrix is assumed by UE on the selected CSI-RS ports for RI/CQI calculation
· N ports are selected for rank N
· The CSI-RS resource can be dynamically selected for CSI reporting in CSI framework
In this parameter, a list of N fields is signaled for N-port CSI-RS, where N<=8. The n-th field contains a list of n port indices, and value range of each port index varies from 0 to N-1.

	Qualcomm
	No need

	CATT
	No need

	
	

	
	


RRC Impact: Add one RRC parameter PortIndexIndication for each CSI-RS resource.

BWP/CC configuration of CSI-RS resources 
	LGE
	CC configuration seems not needed since the change of CCs can be operated by RRC reconfiguration. BWP configuration however needs to be configured per CSI-RS resource or per resource setting because active BWP can be switched dynamically by DCI. UE may assume that resource settings for inactive BWPs are invalid.

	ZTE, Sanechips
	Considering configuring multiple resources for each CC should be supported and CSI-RS triggering is per resource set, we support to configure CC information in resource set.

	CATT
	This is related to RRC structure, it could be other way round, BWP configuration includes CSI-RS configuration. In our view, it is better to coordinate with BWP discussion before we agree on new RRC parameter.

	
	

	
	


RRC Impact: Add one RRC parameter BWP-Info for each CSI-RS resource or each resource setting.

Number of antenna ports in CSI-RS resource and codebook.
	Intel
	For efficient use of RS and support UEs with different CSI processing capability, NR can support antenna ports on CSI-RS to be larger than or equal to the number of antenna ports in the codebook.

	
	

	
	







