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[bookmark: _Toc513642956][bookmark: _Toc513643001][bookmark: _Toc513799206]1	Introduction
In this contribution we propose minor specification changes related to parameter ranges for CSI-RS, and some clarifying text proposals. We also note an issue with the NZP CSI-RS design that may lead to high CM/PAPR in the transmitted signal.
[bookmark: _Ref178064866][bookmark: _Toc513642957][bookmark: _Toc513643002][bookmark: _Toc513799207]2	Discussion
[bookmark: _Toc513642958][bookmark: _Toc513643003][bookmark: _Toc513799208]2.1	Value range of nrofRBs in CSI-FrequencyOccupation IE
In RAN1#92b, the following agreement was made:
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.

The intention of this agreement was to ensure that even for a BWP that is not an integer multiple of 4 PRBs, CSI-RS can still be configured to span the entire BWP. This agreement was necessary since the nrofRBs field within the IE CSI-FrequencyOccupation IE in 38.331 can only be configured as an integer multiple of 4 PRBs. Hence, allowing nrofRBs to be configured greater than the width of the BWP and then specifying that the UE can assume that the actual CSI-RS transmission is truncated to the width of the BWP solves the problem. However, another problem still remains. For the case of the largest possible BWP (275 PRBs) which is not a multiple of 4, it is currently not possible to configure nrofRBs as 276 (the next largest multiple of 4). This is because the value range of nrofRBs is currently INTEGER (24..maxNrofPhysicalResourceBlocks) where maxNrofPhysicalResourceBlocks = 275. This can be fixed simply by extending the value range by 1 at the upper end.
One other issue remains, and that is that is with the lower end of the value range. In RAN1#91, the following agreement was made:
Agreement
	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) 



According to this agreement, if a BWP has a width less than 24 PRBs, then the CSI-RS allocation should be equal to the width of the BWP. However, currently the minimum allowed value of nrofRBs is 24. This can be fixed simply by extending the value range down to 4 at the lower end, since nrofRBs still must be an integer multiple of 4. 
Based on the above, we propose the following:
[bookmark: _Toc513796879][bookmark: _Toc513642959][bookmark: _Toc513643004][bookmark: _Toc513799209][bookmark: _Toc513800018][bookmark: _Toc513795115][bookmark: _Toc513798905]Modify the value range of the nrofRBs field in the CSI-FrequencyOccupation IE in 38.331 to be 4 .. 276 RB in order to allow a CSI-RS resource to fully span any possible configured BWP bandwidth.

This proposal is captured in the following text proposal.
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>>>>>>>>>>>>TEXT PROPOSAL (38.331, Section 6.3.2) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
-- ASN1START
-- TAG-CSI-FREQUENCYOCCUPATION-START

CSI-FrequencyOccupation ::=				SEQUENCE {
	-- PRB where this CSI resource starts in relation to PRB 0 of the associated BWP. 
	-- Only multiples of 4 are allowed (0, 4, ...)
	startingRB								INTEGER (0..maxNrofPhysicalResourceBlocks-1),
	-- Number of PRBs across which this CSI resource spans. Only multiples of 4 are allowed. The smallest configurable 
	-- number is the minimum of 24 and the width of the associated BWP.
	nrofRBs									INTEGER (24..maxNrofPhysicalResourceBlocks)(4..maxNrofPhysicalResourceBlocksPlus1),
	...
}

-- TAG-CSI-FREQUENCYOCCUPATION-STOP
-- ASN1STOP
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>
>>>>>>>>>>>>TEXT PROPOSAL (38.331, Section 6.4) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
maxNrofPhysicalResourceBlocks			INTEGER ::= 275		-- Maximum number of PRBs
maxNrofPhysicalResourceBlocks-1			INTEGER ::= 274		-- Maximum number of PRBs
maxNrofPhysicalResourceBlocksPlus1		INTEGER ::= 276		-- Maximum number of PRBs plus one
maxNrofControlResourceSets 				INTEGER ::= 12 		-- Max number of CoReSets configurable on a serving cell
maxNrofControlResourceSets-1			INTEGER ::= 11  	-- Max number of CoReSets configurable on a serving cell minus 1
maxCoReSetDuration						INTEGER ::= 3		-- Max number of OFDM symbols in a control resource set
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>
[bookmark: _Toc513642961][bookmark: _Toc513643006][bookmark: _Toc513799211]2.2	Value range of firstOFDMSymbolInTimeDomain2 in CSI-RS-ResourceMapping IE
The parameters l0 and l1 in 38.211 [1], and the corresponding higher layer parameters firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2 in the CSI-RS-ResourceMapping IE defined in 38.331 configure the first OFDM symbol indices of the CDM groups for 4-symbol CSI-RS resources with TD-CDM 2.  The range for both parameters is 0…13. We note that there is an implicit condition that l1>(l0+1) - otherwise the TDMed CDM groups defined for NZP CSI-RS would overlap or be swapped. Similarly, we have that l1<13 - as the resource would otherwise not fit in the slot. Hence, we propose:
[bookmark: _Toc513799232][bookmark: _Toc513795116][bookmark: _Toc513796880][bookmark: _Toc513798906]Modify the value range of the parameter firstOFDMSymbolInTimeDomain2 in 38.331 to be 2...12.

This proposal is captured in the following text proposal.
>>>>>>>>>>>>TEXT PROPOSAL (38.331, Section 6.3.2) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
CSI-RS-ResourceMapping ::= 				SEQUENCE {
	-- Frequency domain allocation within a physical resource block in accordance with 38.211, section 7.4.1.5.3 including table 7.4.1.5.2-1.
	-- The number of bits that may be set to one depend on the chosen row in that table. For the choice "other", the row can be determined from
	-- the parmeters below and from the number of bits set to 1 in frequencyDomainAllocation.
	frequencyDomainAllocation			CHOICE {
		row1								BIT STRING (SIZE (4)),
		row2								BIT STRING (SIZE (12)),
		row4								BIT STRING (SIZE (3)),
		other								BIT STRING (SIZE (6))
	},
	-- Number of ports (see 38.214, section 5.2.2.3.1)
	nrofPorts							ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
	-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
	-- Parameter l0 in 38.211, section 7.4.1.5.3. Value 2 is supported only when DL-DMRS-typeA-pos equals 3.
	firstOFDMSymbolInTimeDomain			INTEGER (0..13),
	-- Time domain allocation within a physical resource block. Parameter l1 in 38.211, section 7.4.1.5.3.
	firstOFDMSymbolInTimeDomain2		INTEGER (0..13)	(2..12)															OPTIONAL,	-- Need R
	-- CDM type (see 38.214, section 5.2.2.3.1)	
	cdm-Type								ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
	-- Density of CSI-RS resource measured in RE/port/PRB. Corresponds to L1 parameter 'CSI-RS-Density'  (see 38.211, section 7.4.1.5.3)
	-- Values 0.5 (dot5), 1 (one) and 3 (three) are allowed for X=1,
	-- values 0.5 (dot5) and 1 (one) are allowed for X=2, 16, 24 and 32,
	-- value 1 (one) is allowed for X=4, 8, 12.
	-- For density = 1/2, includes 1 bit indication for RB level comb offset indicating  whether odd or even RBs are occupied by CSI-RS
	density									CHOICE {
		dot5									ENUMERATED {evenPRBs, oddPRBs}, 
		one										NULL, 
		three									NULL, 
		spare									NULL
	},
	-- Wideband or partial band CSI-RS. Corresponds to L1 parameter 'CSI-RS-FreqBand' (see 38.214, section 5.2.2.3.1)	
	freqBand								CSI-FrequencyOccupation,
	...
}
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>

[bookmark: _Toc513642960][bookmark: _Toc513643005][bookmark: _Toc513799210]2.3	Ratio of PDCCH to CSI-RS EPRE
In RAN1#91, the following agreement was made:
Agreement
Introduce parameter PC-PDCCH which has a fixed value of 0dB and indicates the power offset of PDCCH and CSI-RS
which seems to have been captured in 38.214 in Section 4.1.4 which describes the power allocation for the downlink. Our understanding of the intention of this agreement was to allow the UE to make an assumption on the power offset for the purposes of computation of BLER on a hypothetical PDCCH in order to detect possible beam failure. Hence, the intention of this parameter was not to affect the actual power allocation for the downlink. Hence we propose the following
[bookmark: _Toc513798907]Remove the statement about the ratio of PDCCH to CSI-RS EPRE in Section 4.1.4 of 38.214.  Send an LS to RAN4 requesting that the 0 dB power offset assumption for computation of BLER on a hypothetical PDCCH is moved to 38.133.
A text proposal capturing this agreement is as follows:
>>> Text Proposal for 38.214 Section 4.1.4 >>>
The downlink PDCCH EPRE is assumed as the ratio of the PDCCH EPRE to NZP CSI-RS EPRE and takes the value of 0 dB.
>>> End Text Proposal >>>
2.4	Overlapping NZP CSI-RS and ZP CSI-RS
From RAN1#92 we have the following agreement
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.
We note that rate matching of PDSCH around non-mobility NZP/ZP CSI-RS resources is already covered in Section 7.3.1 of 38.211 [1]. However, for extra clarity, we propose the following
[bookmark: _Toc513796881][bookmark: _Toc513798908]Clarify that configuration of ZP-CSI-RS in a resource element affects only the UE assumption on PDSCH rate matching around that RE. The UE shall make no other assumptions about transmissions in that RE unless otherwise specified or indicated.
This proposal is captured in the following text proposal:
>>>>>>>>>>>>TEXT PROPOSAL (38.212, 7.4.1.5.1) <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
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 unless otherwise specified or indicated.
>>>>>>>>>>>>  End text proposal  >>>>>>>>>>>>
[bookmark: _Toc513642962][bookmark: _Toc513643007][bookmark: _Toc513799212]2.4	CSI-RS sequence mapping
[bookmark: _Toc513642963][bookmark: _Toc513643008][bookmark: _Toc513799213]The sequence mapping for NZP CSI-RS has a flaw that may lead to significantly increased PAPR/CM in the transmitted waveform. The magnitude of the increase depends on the structure of the precoder applied to CSI-RS; in particular it depends on how CSI-RS ports are combined in the transmit chain. We note that the flaw may lead to severe limitations in how CSI-RS can be configured, and to how multi antenna schemes can be implemented. Therefore, this flaw needs to be corrected as soon as possible: in Rel-15 or Rel-16. For further details on the PAPR increase, see [3].
Conclusion
Based on the discussion in this paper we propose the following:
Proposal 1	Modify the value range of the nrofRBs field in the CSI-FrequencyOccupation IE in 38.331 to be 4 .. 276 RB in order to allow a CSI-RS resource to fully span any possible configured BWP bandwidth.
Proposal 2	Modify the value range of the parameter firstOFDMSymbolInTimeDomain2 in 38.331 to be 2...12.
Proposal 3	Remove the statement about the ratio of PDCCH to CSI-RS EPRE in Section 4.1.4 of 38.214.  Send an LS to RAN4 requesting that the 0 dB power offset assumption for computation of BLER on a hypothetical PDCCH is moved to 38.133.
Proposal 4	Clarify that configuration of ZP-CSI-RS in a resource element affects only the UE assumption on PDSCH rate matching around that RE. The UE shall make no other assumptions about transmissions in that RE unless otherwise specified or indicated.
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