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Introduction
In this contribution, we raise some issues related to CSI-RS and propose solutions to resolve these confusing issues.
Discussion
CSI-RS sequence to resource mapping
In the current spec, Section 7.4.1.5.3, page 67 of TS38.211, the resource mapping of CSI-RS sequence is described as follows:

“For each CSI-RS component configured, the UE shall assume the sequence  being mapped to physical resources according to 


Resource elements overlapping with a configured CORESET or declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not assumed to be used for transmission of CSI-RS. ”
Here k is the subcarrier index, while m is the sequence index. This formula has following issues.
First, the current spec implies that a single sequence with index m is applied to all REs. However, according to the agreement made in the last meeting,
· 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.
To capture this feature, m and k should have some correlation such that different sequence is applied on different REs within one CDM group, while same sequences are applied for REs belonging to different CDM groups.
Second, based on Table 7.4.1.5.2-1 and the possible value of , we can see that the range of  is {0,1,…,11}, so that it is actually the local subcarrier index within a RB. Hence, this equation describes how to map the sequence to the resource for a given RB. However, it is unclear what sequence to use for the REs of other RBs. Therefore, the subcarrier index should be defined in a wideband sense.
Third, another missing point in the current spec is how to map the sequence to REs for different CSI-RS densities. Let us consider two patterns, where the first pattern has 1-port with density = 3, and the second pattern has 1-port with density = 1. For a BW of 50RBs, the first pattern needs a sequence of length 150, e.g., r(0),…r{149}, while the second pattern needs a sequence of length 50. There two ways to design the sequence for the second pattern: opt-1 uses r(0), r(1), …, r(49), while opt-2 uses r(0), r(3), r(6), …, r(147). The second option is preferred because it allows that each RE is always associated with a fixed sequence no matter what the CSI-RS density is. In other words, the sequence used for lower density is evenly extracted from the sequence used for higher density. This property provides benefit in port sharing. For example, a UE is configured with a CSI-RS resource of density = 3, while the CSI-RS in the 1st, 4th, 7th, …, RBs can configured to another UE as a CSI-RS resource of density = 1. In addition, when density = ½, whether to use even or odd RB should be captured in the formula of resource mapping.
Fifth, to multiplex CSI-RS on the same symbol of configured CORESET, SSB or PBCH, the sequence should be avoided of mapping to those “reserved” REs. This feature should be explicitly captured in the formula of resource mapping.
Based on the above discussion, we propose
Proposal 1: The subcarrier index should be wideband sense per CSI-RS bandwidth.
Proposal 2: The specs should explicitly introduce relationship between subcarrier index k and sequence index m, to capture the features that 1) the CSI-RS sequence is mapped to the resource grid at RE-level granularity, and 2) same sequence is applied to all CSI-RS ports on one symbol within a CSI-RS resource, and 3) for a given k, a fixed m is applied for all densities, and 4) whether to use even or odd RBs should be captured.
Proposal 3: The specs should avoid mapping CSI-RS sequence to the resources configured for CORESET, SSB or PBCH.
The detailed text proposals are included in the appendix.
CSI-RS port numbering within a CDM group
In the current spec, TS38.211, Section 7.4.1.5.3, page 68, the port numbering is described as following:
[bookmark: _Hlk500920575]“The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.”
However, in #90bis meeting, it was agreed that 
“Support assigning CSI-RS port index within a CDM group first, then across CDM groups (analogous to LTE). FFS: order of CDM groups, e.g., frequency first or time first”.
The current spec has two issues. The first issue is that assigning CSI-RS port index within a CDM group first is missing. The second issue is how to assign the cover code to the ports within one CDM group. From table 7.4.1.5.2-2 to 7.4.1.5.2-5, we can see that the cover code is dependent on the parameters k’ (frequency domain) and l’ (time domain). The key solution is to relate the parameters k’ and l’ to the port index p. There are two ways to assign the cover codes: 1) frequency first, then time, and 2) time first, then frequency. The first option is preferred because it allows same mapping rule for all CDM types.
Proposal 4: Port numbering within CDM group first should be captured in the TS38.211.
Proposal 5: Port index p should be mapped with the cover code index k’ and l’, and it is preferred mapping along frequency domain first, then time domain.
The detailed text proposals are included in the appendix.
NZP CSI-RS BW configuration
In the current spec, TS38.214, Section 5.2.2.3.1, page 52, the description of NZP CSI-RS BW configuration is as follows:
“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].”
It should be specified that the minimum bandwidth is the minimum of 24RBs and the BWP for data, which is agreed in #91 meeting.
Moreover, for CSI-RS multiplexing with CORESET and SSB/PBCH, the bandwidth of CSI-RS should be taken into account, which is not captured in the specs. Besides, in the current spec, Section 5.2.2.3.1, page 52, we cannot recall any agreements related to the sentence “The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter NrofPorts is configured as 1 or 2”. This sentence seems to be redundant with respect to the sentence “The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements”, which was agreed in #90bis and #91.
Therefore, we propose
Proposal 6: The minimum BW of a CSI-RS resource should be clarified in the spec, i.e., min(24RBs, BWP for data)
Proposal 7: The spec should take the minimum bandwidth of the CSI-RS into account when multiplexing with CORESET or SSB/PBCH.
The detailed text proposals are included in the appendix.
CSI-RS resource set
The max number of CSI resources sets per resource setting , and CSI resources per resource set  for CSI application is still not defined. The above values where agreed for BM in the last meeting as  and . With a given condition that total number of CSI-RS resources should not exceed 128, It is preferred if all the all the CSI resources in a resource set have uniform RE pattern and share the same BW/number of ports, otherwise it will imply high memory requirements for storing bitmaps. Therefore, we propose
Proposal 8: The UE expects that all the CSI resources of a resource set are configured with the same frequency domain offset, same starting RB and number of RBs, number of ports, density, CDM-type.
The detailed text proposals are included in the appendix.
CSI-RS SCS
Besides, it was agreed that CSI-RS for BM can be FDMed with the PBCH in SS block, in which case CSI-RS and SS block will have the same SCS. This implies that CSI-RS can be configured with SCS = 240 KHz. However, increasing the SCS for CSI-RS will result in higher beam switch time. Given the fact that spec allows PDSCH with SCS=120 KHz to be FDMed with SSB with SCS=240 KHz, it is natural to multiplex CSI-RS with SCS=120kHz with SSB with SCS=240kHz. Therefore, we propose
Proposal 9: The spec supports max SCS of CSI-RS is 120kHz 
· When multiplexing with SSB of SCS = 240kHz, the SCS of CSI-RS cannot be greater than 120kHz.
The detailed text proposals are included in the appendix.
QCL issues
The max number of QCL groups within a CSI resource is not yet defined. It was agreed in the #90 that non-QCLed ports in one CSI-RS resource is supported [1]. However, it is preferred that the CSI-RS ports in one CDM group should be QCLed. This is because the UE algorithm is more complicated in order to get good performance since the UE cannot assume that long term statistics are the same across CDMed ports. Moreover, the total number of QCL assumptions in one CSI-RS resource should be limited. This is because UE cannot keep too many tracking loops to perform channel measurement. Too many tracking loops would increase the processing complexity and lower the efficiency in channel estimation and CSI calculation, thus cannot match the CSI report timing configured by the network. Given a UE can be configured with 2 port CSI-RS for BM (following the DEC meeting), QCL between two ports should be guaranteed. 
Another issue is that when multiplexing with CORESET or SSB/PBCH, the CSI-RS should be spatially QCLed with the configured CORESET and/or SSB/PBCH. This was agreed in #90bis and #91 and should be taken into account in the spec.
Therefore, we propose
Proposal 10: From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed, and the max number of different QCL assumptions should be limited to 2 per CSI-RS resource; for BM, allow single QCL group per CSI-RS resource.
Proposal 11: Specify the maximal number of total non-QCLed groups across all CC/BWP as UE capability.
Proposal 12: When multiplexing with CORESET or SSB/PBCH, the CSI-RS should be spatially QCLed with the configured CORESET and/or SSB/PBCH.
Proposal 13: The minimum number of CSI-RS ports of a QCL group should be 4.
The detailed text proposals are included in the appendix.
Periodicities for CSI-RS
In RAN1 #91 meeting, the following was agreed regarding the periodicity of frame structure:
Agreements:
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· 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
· When two perodicities are included, the corresponding parameters are independently configured.
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)

We observe that the following two types of frame structures periodicity were agreed:
· 2^n slots periodicity and 
· n*5 slots periodicity. 
We consider it important that RS, including CSI-RS, to have a few periodicities that are suitable for 2^n slots periodicity. Specifically, in the current NR specifications, the supported SRS periodicity values are {1, 2, 5, 10, 20, 40, 80, 160, 320, 640, 1280, 2560}. We propose to add at least the values of 4, 8 and 16 in 38.211.
Proposal 14: Introduce periodicities of 4,8, and 16 for CSI-RS periodicity and the corresponding slot offsets.
The detailed text proposals are included in the appendix.
Maximum number of aperiodic NZP/IM/ZP CSI-RS resources per OFDM symbol
The CSI-RS resources in NR are very flexible: different port numbers, different densities, different start and end physical resource block, and in any OFDM symbol of the slot. This means that the rate matching pattern on symbols carrying CSI-RS resources does not result in any frequency-domain periodicity which can be exploited to simplify the UE’s rate matching processing. Note that, for rate matching purposes, multiple DCI bits will be used; if, for example 6 bits are used, 64 different aperiodic RE-level rate matching patterns are needed. A UE can either attempt to pre-compute these RE-level rate matching patterns and store them in memory, or perform the rate matching of CSI-RS on the fly. 
However, an easy computation makes it clear that pre-computing introduces huge memory requirements: In the example of 64 different patterns, (64 patterns * 14 symbols * 272 PRBs * 12 Res/PRB) results to 2.92 Megabits (!) of memory just to RE-level rate match aperiodically around the CSI-RS resources. Therefore, the UE will likely need to create the RE-level bitmaps on the fly (symbol by symbol), a procedure that may be limited by the processing time needed to perform these constructions. Based on the above, we propose a Rel-15 UE to be triggered aperiodically with up to 2 CSI-RS resources per OFDM symbol for rate matching purposes. 
Therefore, we propose
Proposal 15: Rel-15 UEs are expected to be triggered aperiodically with up to 2 CSI-RS resources per OFDM symbol for rate matching purposes. 
Conclusions
To summarize, we discussed confusing and missing issues in the current spec.  We propose
Proposal 1: The subcarrier index should be wideband sense per CSI-RS bandwidth.
Proposal 2: The specs should explicitly introduce relationship between subcarrier index k and sequence index m, to capture the features that 1) the CSI-RS sequence is mapped to the resource grid at RE-level granularity, and 2) same sequence is applied to all CSI-RS ports on one symbol within a CSI-RS resource, and 3) for a given k, a fixed m is applied for all densities, and 4) whether to use even or odd RBs should be captured.
Proposal 3: The specs should avoid mapping CSI-RS sequence to the resources configured for CORESET, SSB or PBCH.
Proposal 4: Port numbering within CDM group first should be captured in the TS38.211.
Proposal 5: Port index p should be mapped with the cover code index k’ and l’, and it is preferred mapping along frequency domain first, then time domain.
Proposal 6: The minimum BW of a CSI-RS resource should be clarified in the spec, i.e., min(24RBs, BWP for data)
Proposal 7: The spec should take the minimum bandwidth of the CSI-RS into account when multiplexing with CORESET or SSB/PBCH.
Proposal 8: The UE expects that all the CSI resources of a resource set are configured with the same frequency domain offset, same starting RB and number of RBs, number of ports, density, CDM-type
Proposal 9: The spec supports max SCS of CSI-RS is 120kHz 
· When multiplexing with SSB of SCS = 240kHz, the SCS of CSI-RS cannot be greater than 120kHz.

Proposal 10: From UE perspective, CDM-ed ports in a CSI-RS resource are always QCLed, and the max number of different QCL assumptions should be limited to 2 per CSI-RS resource; for BM, allow single QCL group per CSI-RS resource.
Proposal 11: Specify the maximal number of total non-QCLed groups across all CC/BWP as UE capability.
Proposal 12: When multiplexing with CORESET or SSB/PBCH, the CSI-RS should be spatially QCLed with the configured CORESET and/or SSB/PBCH.
Proposal 13: The minimum number of CSI-RS ports of a QCL group should be 4.
Proposal 14: Introduce periodicities of 4,8, and 16 for CSI-RS periodicity and the corresponding slot offsets.
Proposal 15: Rel-15 UEs are expected to be triggered aperiodically with up to 2 CSI-RS resources per OFDM symbol for rate matching purposes. 

Text Proposal (38.211)
[bookmark: _Toc500952748]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 







Resource elements overlapping with a configured CORESET or declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not assumed to be used for transmission of CSI-RS.
The UE is not expected to receive a CSI-RS in resource elements overlapping with configured DM-RS.


[bookmark: _Hlk494285052]The UE shall assume  for a non-zero-power CSI-RS where  is selected such that the power offset specified by the higher-layer parameter Pc_SS, if provided, is fulfilled.




The quantities , , , and  are given by Tables 7.4.1.5.2-1 to 7.4.1.5.2-6.



The time-domain locations  and  are defined relative to the start of a slot with the starting positions of a CSI-RS in a slot  configured by the higher-layer parameter CSI-RS-ResourceMapping.




[bookmark: _Hlk494448553][bookmark: _Hlk498073117]The frequency-domain location is given by a bitmap provided by the higher-layer parameter CSI-RS-ResourceMapping where  in Table 7.4.1.5.2-1 corresponds to the  set bit in the bitmap, starting from , with the bitmap and value of  given by


-	,  for row 1 of Table 7.4.1.5.2-1


-	,  for row 2 of Table 7.4.1.5.2-1


-	,  for row 4 of Table 7.4.1.5.2-1


-	,  for all other cases




where  is the bit number of the  set bit in the bitmap, repeated across every  of the resource blocks configured for CSI-RS reception by the UE when . A set bit in the bitmap means that the corresponding bit is equal to 1.  The starting position and number of the resource blocks in which the UE shall assume that CSI-RS is transmitted are given by the higher-layer parameter CSI-RS-FreqBand and CSI-RS-Density for the carrier bandwidth part given by the higher-layer parameter BWP-Info. 
When CSI-RS density  and odd RBs are used, . When CSI-RS density , or CSI-RS density  but even RBs are used, .
The UE shall assume that a CSI-RS is transmitted using antenna ports numbered across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000. 
The slots where the UE shall assume periodic and semi-persistent CSI-RS to be transmitted are given by Table 7.4.1.5.2-6.
Table 7.4.1.5.2-1: CSI-RS locations within a slot.
	Row
	Ports
	
Density 
	CDMtype
	

	
	

	


	1
	1
	3
	No CDM
	


, , 
	0
	0
	0

	2
	1
	1, 0.5
	No CDM
	

	0
	0
	0

	3
	2
	1, 0.5
	FD-CDM2
	

	0
	0, 1
	0

	4
	4
	1
	FD-CDM2
	

	0, 2
	0, 1
	0

	5
	4
	1
	FD-CDM2
	

,
	0, 2
	0, 1
	0

	7
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	8
	8
	1
	FD-CDM2
	

	0, 2, 4, 6
	0, 1
	0

	9
	8
	1
	CDM4 (FD2,TD2)
	

	0, 4
	0, 1
	0, 1

	10
	12
	1
	FD-CDM2
	

	0, 2, 4, 6, 8, 10
	0, 1
	0

	11
	12
	1
	CDM4 (FD2,TD2)
	

	0, 4, 8
	0, 1
	0, 1

	12
	16
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14
	0, 1
	0

	13
	16
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12
	0, 1
	0, 1

	14
	24
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22
	0, 1
	0

	15
	24
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20
	0, 1
	0, 1

	16
	24
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16
	0, 1
	0, 1, 2, 3

	17
	32
	1, 0.5
	FD-CDM2
	

	0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30
	0, 1
	0

	18
	32
	1, 0.5
	CDM4 (FD2,TD2)
	

	0, 4, 8, 12, 16, 20, 24, 28
	0, 1
	0, 1

	19
	32
	1, 0.5
	CDM8 (FD2,TD4)
	

	0, 8, 16, 24
	0,1
	0,1, 2, 3



Table 7.4.1.5.2-6: Slots containing CSI-RS.
	CSI-RS-timeConfig


	Slot offset
	Periodicity

	0 - 3
	
	4

	 4 - 80 – 4
	
	5

	9 - 16
	
	8

	 17 - 26 5 – 14 
	
	10

	27 - 42
	
	16

	 43 - 6215 – 34
	
	20

	 63 - 10235 – 74
	
	40

	 103 - 18275 – 154
	
	80

	 183 - 342155 – 314
	
	160

	 343 - 662315 – 634
	 
	320

	 663 - 1302635 – 1274
	
 
	640




Text Proposal (38.214)
[bookmark: _Toc501048181]5.2.1.2	Resource settings
Each Resource Setting ResourceConfig contains a configuration of S≥1 CSI-RS Resource Sets (higher layer parameter ResourceSetConfig), with each Resource Set consisting of CSI-RS resources (higher layer parameters NZP-CSI-RS-ResourceConfigList and CSI-IM-ResourceConfigList) and SS/PBCH Block resources used for L1-RSRP computation (higher layer parameter resource-config-SS-list). All the CSI-RS resources of a resource set are configured with the same frequency domain offset, same starting RB and number of RBs, number of ports, density, CDM-type as given in Subclause 7.4.1.5 of TS38.211. Each Resource setting is located in the BWP identified by the higher layer parameter BWP-info, and all linked Resource Settings of a CSI Report Setting have the same BWP.
For periodic and semi-persistent CSI Resource Settings, S=1. Each set s contains Ks ≥1 CSI-RS resources (higher layer parameter CSI-RS-ResourceConfig) each of which includes at least mapping to REs, number of ports and time-domain behavior as described in Subclause 5.2.2.3.1. The allowable antenna port values and resource mapping patterns are given in Subclause 7.4.1.5 of [4, TS 38.211]. The time domain behavior of the CSI-RS resources which are part of sets within a CSI-RS Resource Setting are indicated by the higher layer parameter ResourceConfigType and can be aperiodic, periodic, or semi-persistent. 
The following are configured via higher layer signaling for one or more CSI resource settings for channel and interference measurement:
[bookmark: _Hlk496531164]-	CSI-IM resource for interference measurement as described in Subclause 5.2.2.3.3. 
-	Non-zero power CSI-RS resource for interference measurement as described in Subclause 5.2.2.3.1 [see Table [TBD] in [4, TS 38.211]]
-	Non-zero power CSI-RS resource for channel measurement as described in Subclause 5.2.2.3.1 [see Table [TBD] in [4, TS 38.211]]
Up to 2 CSI-RS resources per OFDM symbol can be triggered aperiodically for rate matching purposes.
[bookmark: _Toc501048198]5.2.2.3.1	Non-zero power CSI-RS
The UE can be configured with one or more non-zero power CSI-RS resource set configuration(s) as indicated by the higher layer parameter ResourceSetConfig Each resource set consists of K≥1 non-zero power CSI-RS resource(s).
The following parameters for which the UE shall assume non-zero transmission power for CSI-RS resource are configured via higher layer parameter NZP-CSI-RS-ResourceConfig for each CSI-RS resource configuration:
-	NZP-CSI-RS-ResourceConfigId determines CSI-RS resource configuration identity.
-	NrofPorts defines the number of CSI-RS ports, where the allowable values are given inSubclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-timeConfig defines the CSI-RS periodicity and slot offset for periodic/semi-persistent CSI-RS. The allowable periodicity values of are given in subclause [TBD] of [4, TS 38.211]. 
-	CSI-RS-ResourceMapping defines the OFDM symbol and subcarrier occupancy of the CSI-RS resource within a slot that are given in Subclause 7.4.1.5 of [4, TS 38.211].
-	CSI-RS-Density defines 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].
-	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]. The minimum bandwidth for CSI-RS is the minimum of 24RBs and the BWP for data.
-	Pc: which is the assumed ratio of PDSCH EPRE to non-zero power CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size,
-	Pc-PDCCH which is the assumed ratio of PDCCH EPRE to non-zero power CSI-RS EPRE and takes the value of 0 dB.
-	Pc_SS: which is the assumed ratio of SS/PBCH block EPRE to non-zero power 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.
[bookmark: _Hlk498332433][bookmark: _Hlk497931989]-	CSI-RS-ResourceRep parameter associated with a CSI-RS resource set defines whether a repetition in conjunction with spatial domain transmission filter is ON/OFF at gNB-side as described in Subclause 5.1.6.1.2.
[bookmark: _Hlk503605233]-	QCL-InfoPeriodicCSI-RS
[bookmark: _Hlk498496053][bookmark: _Hlk497309579]The UE may be configured the CSI-RS in same OFDM symbols as CORESET, but not in the same resource elements. The CSI-RS multiplexed with CORESET should be spatially QCLed with the CORESET, and the minimum bandwidth of the CSI-RS should be the minimum of 24RBs and the BWP for data. 
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements. The CSI-RS multiplexed in the same OFDM symbols with SS/PBCH block should be spatially QCLed with the SS/PBCH block, and the minimum bandwidth of the CSI-RS should be the minimum of 24RBs and the BWP for data. If the subcarrier spacing of the SS/PBCH block is below 240kHz, the same subcarrier spacing is applied to CSI-RS.
The UE may be configured the CSI-RS in same OFDM symbols as SS/PBCH block, but not in the same resource elements, if the higher layer parameter NrofPorts is configured as 1 or 2.
The CSI-RS ports within a CDM group in a CSI-RS resource are always QCLed. The max number of different QCL assumptions should be limited to 2 per CSI-RS resource. When CSI-RS resource is linked with L1-RSRP measurement, single QCL group is allowed per CSI-RS resource. The number of ports in a QCL group should be no less than 4. The maximal number of total non-QCLed groups across all CC/BWP is per UE capability.
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