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[bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
This paper summarizes remaining details on CSI-RS, categorized by whether higher layers impacts are expected or not.

Proposal 1:
· Support indicating two starting symbol indices for non-contiguous CSI-RS mapping
· Support: LGE, ZTE, Sanechips, Huawei, HiSilicon, Samsung, Ericsson, Qualcomm, OPPO
· A 14-bit bitmap is used to indicate the symbols where CSI-RS are mapped
· Support: CATT

Proposal 2:
· 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 in TS38.213
· Support: Samsung, Ericsson, CATT, OPPO

Proposal 3:
· CDMed ports in one CSI-RS resource are always QCLed, the CSI-RS ports in different CDM groups can be QCLed or non-QCLed
· Support: LGE, ZTE, Sanechips, Huawei, HiSilicon, Qualcomm
· Asking about use case and necessity: Ericsson, CATT, OPPO

Proposal 4:
· For all CSI-RS ports in one CSI-RS resource, same sequence is generated and mapped to the REs occupied by each CSI-RS port 
· I.e., CSI-RS sequence is generated based on the number of REs occupied by one CSI-RS port and mapped to the REs with one-to-one mapping
· Example:
· For a 1-symbol 4-port CSI-RS resource, port#0 and port#1 are placed on RE#0 and RE#1, port#2 and port#3 are placed on RE#2 and RE#3
· Before applying OCC, same sequence (e.g., [1+j, 1-j]/sqrt(2)) are used for port#0/1/2/3
· [bookmark: _GoBack]Support: ZTE, Sanechips, Huawei, HiSilicon, Samsung
· Support other alternative: Ericsson, Qualcomm, CATT (see Section 3.1)

[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665][bookmark: _Ref129681832]With higher layer impacts
Indication scheme for aperiodic ZP-CSI-RS
Agreed in RAN1#91 to have DCI field for ZP-CSI-RS, but did not touch the bit-length and how to associate ZP-CSI-RS configuration with the DCI states. Two alternatives were proposed:
· Alt-1: RRC + [2]bit DCI
· Alt-2: RRC + MAC-CE + [2]bit DCI
	Company(s)
	View/position

	LGE
	Alt-1

	ZTE, Sanechips
	Alt-2

	Huawei, HiSilicon
	Alt-1

	Samsung
	Alt-1 + Alt-2
As in NZP CSI-RS, depending on the number of resources (in this case the threshold can be [4] since we have [2]-bit DCI) either Alt1 (if configured # ZP CSI-RS resources is <=4) or Alt2 (if configured # ZP CSI-RS resources is >4) is used.

	CATT
	Alt-1 + Alt-2

	OPPO
	Alt-1



QCL assumption among CSI-RS ports within one resource
Agreed in RAN1#89 on having two types of QCL assumptions within one resource, but did not agree on details and how to utilize them. One alternative was proposed:
· Alt-1: CDMed ports in one CSI-RS resource are always QCLed, the CSI-RS ports in different CDM groups can be QCLed or non-QCLed 
	Company(s)
	View/position

	LGE
	Alt-1

	ZTE, Sanechips
	Alt-1

	Huawei, HiSilicon
	Alt-1

	Ericsson
	What is the use case for ports in different CDM groups to be non-QCL?

	Qualcomm
	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. Specify the maximal number of total non-QCLed groups across all CC/BWP as UE capability.

	CATT
	No clear use case for non-QCL CSI-RS ports in a CSI-RS resource.

	OPPO
	Current description in specification seems sufficient



QCL indication for SP CSI-RS
Furthermore, in previous LS to RAN2, the following MAC CE structure is recommended regarding how to provide QCL information for SP CSI-RS. It misleads RAN2 to the understanding that QCL information is provided at set level. The corresponding MAC-CE related issues also need further clarification.
	RAN1 specification
	Section
	MAC CE message
	Description
	Value range

	TS38.214
	5.2.2.3.4
	Semi-persistent CSI-RS / CSI-IM
	Activates/deactivates a SP CSI-RS resource set and a SP CSI-IM resource set. Provides the spatial QCL relationship (if activated)
	SP CSI-RS Resource Set Id | SP CSI-IM Resource Set Id | TCI_State_Id



CSI-RS periodicities
Reported that the existing periodicities cannot provide proper DL/UL switching at boundary of integer milliseconds. One alternative was proposed:
· Alt-1: To introduce periodicities such as 4, 8, 16 slots
	Company(s)
	View/position

	ZTE, Sanechips
	Alt-1. As the existing periodicities cannot support some agreed slot formats e.g. with 2ms DL/UL switching time, more periodicities are necessary.

	Huawei, HiSilicon
	Propose to have more discussions on this

	Samsung
	Further discussions are required. NR DL/UL configuration even includes odd numbers of periodicities as well as 2ms DL/UL switching time.

	Ericsson
	Further discussion is needed. Quite a large number of DL/UL periodicities are allowed with a wide variety of periodicity values. So we need to find a way that allows these configurations, but at the same time doesn’t create an excessive number of CSI-RS periodicity values.

	Qualcomm
	Alt-1. As the existing periodicities cannot support some agreed slot formats e.g. with 2ms DL/UL switching time, more periodicities are necessary.

	CATT
	If RAN1 sees use case of additional periodicity configuration, we can support it.



Indication of starting symbol
Reported that existing design cannot indicate starting symbols for two CSI-RS component patterns. One alternative was proposed:
· Alt-1: Support indicating two starting symbol indices for non-contiguous CSI-RS mapping
	Company(s)
	View/position

	LGE
	Alt-1

	ZTE, Sanechips
	Alt-1

	Huawei, HiSilicon
	Alt-1

	Samsung
	Alt-1

	Ericsson
	Alt-1. Agree, there is a “hole” in the spec in that both l_0 and l_1 in Table 7.4.1.5.2-1 in 38.211 needs to be configured.

	Qualcomm
	Alt-1

	CATT
	One simple way is to use 14-bit symbol-level bitmap to indicate the symbols where CSI-RS REs of a CSI-RS resource are mapped.

	OPPO
	Alt-1



Removal of Pc_PDCCH
Reported that the RRC parameter Pc_PDCCH can be removed as it is fixed to 0dB. One alternative was proposed:
· Alt-1: Remove Pc_PDCCH from the RRC parameters for CSI-RS resource configuration
	Company(s)
	View/position

	Huawei, HiSilicon
	It appears too restrictive to support 0dB only. Slightly prefer to have more supported values (e.g., {-6,-3,0,3,6}dB) and keep the RRC parameter

	Samsung
	Remove Pc-PDCCH from RRC parameter list of NZP-CSI-RS-ResourceConfig and add the corresponding clarification in TS38.214 accordingly

	Ericsson
	Remove the parameter from RRC list, 38.214, 38.331

	CATT
	Remove the parameter.

	OPPO
	Support Alt-1



Removal of CDM patterns
We agreed four CDM values 0, 1, 2 and 3 which correspond to No CDM, FD-CDM2, CDM4 and CDM8 respectively. In other words, one CDM value links a unique CDM pattern. Consequently, configuring either CDM value or CDM pattern is enough rather than both. 
· Alt-1: Remove ‘cdm-Pattern’ from the RRC parameters for CSI-RS resource configuration
	Company(s)
	View/position

	ZTE, Sanechips
	Remove ‘cdm-Pattern’ from the RRC parameters 

	Ericsson
	Prefer to leave it the way it is – could provide some forward compatibility in case some other pattern is added in a later release.

	
	

	
	

	
	



Without higher layer impacts

Sequence generation and mapping to REs
Reported that the current spec is unclear about sequence generation and mapping to RE. Two alternatives were proposed:
· Alt-1: For all CSI-RS ports in one CSI-RS resource, same sequence is generated and mapped to the REs occupied by each CSI-RS port 
· I.e., CSI-RS sequence is generated based on the number of REs occupied by one CSI-RS port and mapped to the REs with one-to-one mapping
· Example:
· For a 1-symbol 4-port CSI-RS resource, port#0 and port#1 are placed on RE#0 and RE#1, port#2 and port#3 are placed on RE#2 and RE#3
· Before applying OCC, same sequence (e.g., [1+j, 1-j]/sqrt(2)) are used for port#0/1/2/3
· Alt-2: When mapping the reference signal sequence to the physical resources, the sequence is indexed by the subcarrier index k relative to subcarrier 0 in common resource block 0 (Reference Point A)
· Consequently, the sequence mapped to the physical resource is a subsampled version of , as generated from the Gold sequence

	Company(s)
	View/position

	ZTE, Sanechips
	Should follow the agreement in last meeting, i.e. ' Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource'. So Alt.1 is preferred. 

	Huawei, HiSilicon
	The agreement that “Same sequence for all CSI-RS ports on one symbol within a CSI-RS resource” should be captured (i.e., Alt-1).
Note: Alt-2 is not aligned with previous agreements. 

	Samsung
	Alt. 1

	Ericsson
	Alt 2.
Our interpretation of the agreement from last meeting stating “…same sequence for all CSI-RS ports…” was meant to avoid some potential scheme whereby the eNB/UE would need to generate a different sequence for different ports. Our interpretation is that a single sequence is generated (same for all ports); however, it still allows different sequence values from the single generated sequence to be mapped to different ports. In fact, we have found quite a serious cubic metric degradation by using the same sequence value for all ports. Allowing different sequence values across the ports avoids this degradation.

	Qualcomm
	We also consider Alt-2 a preferred solution. However, depending on how the previous agreement is interpreted, it might seem it is excluding Alt. 2, as it appears from the replies of the companies shown above. A way to compromise these two proposals is to still keep same sequence per port, but also keep some subsampling property, e.g., The sequence of a port in a CSIRS resource with X ports and density D/K is a subsampled version of the sequence of a port in a CSIRS resource with X ports and density D. For example, 1-port CSIRS with D=1 is a subsampled version of the 1-port CSIRS with D=3, etc. 

	CATT
	Alt-2	



CSI-RS port index mapping
The link between CSI-RS port index and CDM group number is not fully reflected in the current specification.
Description for CSI-RS port index mapping in section 7.4.1.5.3 of 38.211:
· 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 related TP should be supported to make spec. clear enough.
	Company(s)
	View/position

	ZTE, Sanechips
	Following TP can be used.

The UE shall assume that a CSI-RS is transmitted using antenna ports numbered according to the following equations.


, where  s is the CDM sequence index provided by Tables 7.4.1.5.2-2 to 7.4.1.5.2-5, L is CDM length and N is the total number of transmitted CSI-RS ports. CDM group index i is numbered in increasing order of first the frequency domain allocation and then in increasing order of the time domain allocation.

	Ericsson
	The spec editor has made some changes to clarify this in the draft CR circulated on the RAN1 reflector:
…







The quantities , , , and  are given by Tables 7.4.1.5.2-1 to 7.4.1.5.2-6 where each  in a given row of Table 7.4.1.5.2-1 corresponds to a CDM group of either size 2, 4, or 8. The indices  and  index resrouce elements within a CDM group.
…

Antenna port indexing starts with antenna port 3000. The UE shall assume that antenna ports are mapped in the order of increasing port numbers, first in the order of increasing sequence indices given in Tables 7.4.1.5.2-2 to 7.4.1.5.2-6, then to the time/frequency domain locations   in the order they are given in table 7.4.1.5.2-1.

	CATT
	The following TP can be used:

The UE shall assume that a CSI-RS is transmitted using antenna ports numbered within a CDM group first, then across CDM groups first in the frequency domain, then in time domain, starting with antenna port 3000.

	
	

	
	



CSI-RS rate matching
In LTE, PDSCH REs occupied by NZP CSI-RS for DRS are not mandated to be rate matched considering RS overhead, while the REs occupied by NZP CSI-RS for CSI reporting are rate matched. However, the current NR 211 spec captures a different rule than LTE such that all PDSCH REs overlapped with CSI-RS configured for a UE should be rate matched. 
	Company(s)
	View/position

	Samsung
	Given that there might be more than hundreds of CSI-RSs for mobility regardless of carrier frequency in NR, it would be beneficial to apply a similar NZP CSI-RS rate matching rule as in LTE.
Therefore, we propose that UE does not perform rate matching on REs overlapped with CSI-RS for mobility.

	
	

	
	

	
	

	
	



Sequence generation for asynchronous network
Per the agreed CSI-RS sequence initialization, the UE should be informed the slot number within a radio frame, to receive CSI-RS. Therefore, in case of asynchronous network where a UE may not be able to know the actual values of   neighboring cells, CSI-RS from other cells might not be available for some UEs.
	Company(s)
	View/position

	Samsung
	Proposal 1. CSI-RS sequence initialization method can be chosen by useServingCellTimingForSync:
If useServingCellTimingForSync is configured as TRUE, the agreed CSI-RS sequence initialization is reused.

If useServingCellTimingForSync is configured as FALSE,  in the agreed CSI-RS sequence initialization is replaced by 

	
	

	
	

	
	

	
	



Comb offset
As agreed in RAN1#91 meeting, a description on RRC parameter for CSI-RS comb offset for D=1/2 should be added in TS38.214. 
	Company(s)
	View/position

	Samsung
	Agreed

	Ericsson
	Isn’t this already captured? The description of the RRC parameter CSI-RS-Density has the following:
Density of CSI-RS resource measured in RE/port/PRB
For density = 1/2, includes 1 bit indication for RB level comb offset indicating  whether odd or even PRBs are occupied by CSI-RS
This is also reflected in 38.331. 
In 38.211, there is the following wording:




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 . 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.
So, this says that CSI-RS-FreqBand and the 1-bit indicator in the RRC parameter CSI-RS-Density together specify the RBs that are occupied. Is some further clarification required?

	OPPO
	No needed

	
	



Agreements in RAN1#91

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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