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Introduction
In RAN1 #91, the following agreements were made:
Agreements:
· NR supports aperiodic ZP-CSI-RS for rate matching, with a separate DCI field for triggering aperiodic ZP-CSI-RS
Agreement  
Activation and deactivation of semi-persistent CSI-IM is done with the same MAC CE message as that activates/deactivates semi-persistent CSI-RS

Additionally, the following RRC parameters are included in TS 38.331 v 1.0.1 for defining ZP CSI-RS:
-- A Zero-Power (ZP) CSI-RS resource configuration. Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfig' (see 38.214, section FFS_Section)
ZP-CSI-RS-Resource ::=						SEQUENCE {
	-- ZP CSI-RS resource configuration ID
	-- Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfigId' (see 38.214, section FFS_Section)
	zp-CSI-RS-ResourceId						ZP-CSI-RS-ResourceId,
	-- OFDM symbol and subcarrier occupancy of the ZP-CSI-RS resource within a slot
	-- Corresponds to L1 parameter 'ZP-CSI-RS-ResourceMapping' (see 38.214, section FFS_Section)
	resourceMapping								SEQUENCE {
		-- Frequency domain allocation within a physical resource block in accordance with 38.211, table 7.4.1.5.2-1. FFS: Table correct?
		-- The number of bits that may be set to one depend on the chosen row in that table. 
		frequencyDomainAllocation				CHOICE {
			row1									BIT STRING (SIZE (4)),
			row2									BIT STRING (SIZE (12)),
			row4									BIT STRING (SIZE (3)),
			other									BIT STRING (SIZE (6))
		},
		-- Time domain allocation within a physical resource block. The field indicates the first OFDM symbol in the PRB used for CSI-RS.
		firstOFDMSymbolInTimeDomain				INTEGER (0..13)
	}																												OPTIONAL,
	-- Periodicity and slot offset for periodic/semi-persistent ZP-CSI-RS
	-- Corresponds to L1 parameter 'ZP-CSI-RS-timeConfig' (see 38.214, section FFS_Section)
	periodicityAndOffset						CHOICE {
		sl5											INTEGER (0..4), 
		sl10										INTEGER (0..9), 
		sl20										INTEGER (0..19), 
		sl40										INTEGER (0..39), 
		sl80										INTEGER (0..79), 
		sl160										INTEGER (0..159), 
		sl320										INTEGER (0..319), 
		sl640										INTEGER (0..639)
	}																															OPTIONAL,
	-- Includes parameters to enbale configuration of frequency-occupancy of ZP-CSI)RS
	-- Corresponds to L1 parameter 'ZP-CSI-RS-FreqBand' (see 38.214, section FFS_Section)
	freqBand									SEQUENCE {
		-- PRB where this NZP-CSI-RS-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 NZP-CSI-RS-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)
	}																															OPTIONAL,
	-- Density of ZP-CSI-RS resource measured in RE/port/PRB. 
	-- 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
	-- Corresponds to L1 parameter 'ZP-CSI-RS-Density' (see 38.214, section FFS_Section)
	density											CHOICE {
		dot5											ENUMERATED {evenPRBs, oddPRBs}, 
		one												NULL, 
		three											NULL, 
		spare											NULL
	}																															OPTIONAL,
	-- Time domain behavior of ZP-CSI-RS resource configuration. 
	-- Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfigType' (see 38.214, section FFS_Section)
	resourceType									ENUMERATED {aperiodic, periodic}											OPTIONAL,
	-- QCL type for source RS ==> target RS association. Corresponds to L1 parameter 'QCL-Type' (see 38.214, section FFS_Section)
	qcl-Type										ENUMERATED {typeA, typeB, typeC, typeD}										OPTIONAL
}

ZP-CSI-RS-ResourceId ::=							INTEGER (0..maxNrofZP-CSI-RS-Resources-1)

Additionally, in PDSCH-Config the following IE contains the configured ZP CSI-RS resources:
-- A list of Zero-Power (ZP) CSI-RS resources.
	-- Corresponds to L1 parameter 'ZP-CSI-RS-ResourceConfigList' (see 38.214, section FFS_Section)
	zp-CSI-RS-Resources						SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-Resource		OPTIONAL,

[bookmark: _GoBack]In this contribution, we present our views on the remaining details on ZP CSI-RS for rate matching, as well as how rate matching round CSI-IM should be indicated.
Remaining details on periodic ZP CSI-RS 
In LTE TM10, it is possible to define multiple periodic ZP CSI-RS configurations, where each configuration comprises multiple periodic ZP CSI-RS resources. It is possible to dynamically select which ZP CSI-RS configuration should be used for PDSCH rate matching via the PQI field in the DCI scheduling the PDSCH, where the PQI field indicates an RRC configured set of PQI parameters comprising an identifier of a ZP CSI-RS configuration. Even if multiple-TRP operation and dynamic indication of periodic ZP CSI-RS resources is not supported for NR Rel-15, it would be desirable to have a corresponding structure in place for forward compatibility reasons.
[bookmark: _Toc503354318][bookmark: _Toc503358636][bookmark: _Toc503553979]Introduce a ZP-CSI-RS-ResourceSet information element containing multiple ZP CSI-RS resource Ids. For periodic rate-matching of PDSCH, a zp-CSI-RS-ResourceSetId is configured in PDSCH-Config
The corresponding ASN.1 code for the above proposal is illustrated below:
ZP-CSI-RS-ResourceSet ::=						SEQUENCE {	
	zp-CSI-RS-ResourceSetId						ZP-CSI-RS-ResourceSetId,
	zp-CSI-RS-Resources							SEQUENCE (SIZE (1..maxNrofZP-CSI-RS-Resources)) OF ZP-CSI-RS-ResourceId
}


Remaining details on aperiodic ZP CSI-RS triggering
Given that a separate DCI field is agreed for triggering aperiodic ZP CSI-RS for rate matching, one open issue is the length of this field.  Given that ZP CSI-RS can be configured flexibly (via parameters ZP-CSI-RS-ResourceMapping, ZP-CSI-RS-timeConfig, ZP-CSI-RS-FreqBand, ZP-CSI-RS-Density, etc), it is sufficient to support a fixed length for the DCI field used to trigger aperiodic ZP CSI-RS for rate matching.  A bit length of 2 can be considered as a starting point.  It should also be possible to de-configure the presence of the ZP CSI-RS trigger field if aperiodic ZP CSI-RS operation is not used by the gNB.
[bookmark: _Toc503354319][bookmark: _Toc503358637][bookmark: _Toc503553980]NR supports a fixed length of 2 bits for the DCI field used to trigger aperiodic ZP CSI-RS for rate matching, if the presence of the ZP CSI-RS trigger field is configured
Another remaining detail is the exact triggering mechanism. In our view, it should be possible to trigger multiple ZP CSI-RS resources with a single codepoint of the ZP CSI-RS trigger field. Thus, each codepoint of the field could be associated in RRC with a ZP-CSI-RS-ResourceSet containing aperiodic ZP CSI-RS resources. Thus, the following ASN.1 code could capture the desired behaviour:
AperiodicZP-CSI-RS-Triggers ::=							SEQUENCE (SIZE (1..maxNrofZP-CSI-RSCodePoints)) {
				
				dci-CodePoint						INTEGER(1.. maxNrofZP-CSI-RSCodePoints),
				zp-CSI-RS-ResourceSetId						ZP-CSI-RS-ResourceSetId
}

[bookmark: _Toc503354320][bookmark: _Toc503358638][bookmark: _Toc503553981]Each codepoint of the ZP CSI-RS trigger field is associated in RRC with a ZP CSI-RS resource set containing a number of aperiodic ZP CSI-RS resources
Rate matching around CSI-IM REs
As has already been agreed, configuration of CSI-IM, indicating REs for interference measurements, and ZP CSI-RS, indicating rate matching of PDSCH, is separate. The motivation for why CSI-IM is not always rate matched around is that for CoMP CQI calculations, for instance with DPS hypothesis, the UE may want to measure its own PDSCH as interference. Therefore, in some cases, the CSI-IM would not have a corresponding ZP CSI-RS configured to indicate PDSCH rate matching on the CSI-IM REs. In most practical implementations though (not involving CoMP) it is beneficial to always configure overlapping CSI-IM and ZP CSI-RS resources so that the UE would not measure its own PDSCH as interference.
[bookmark: _Toc503358181][bookmark: _Toc503358649][bookmark: _Toc503553977]Separate CSI-IM and ZP CSI-RS configuration is useful for CoMP, but in most cases a CSI-IM resource would always have an overlapping ZP CSI-RS resource
When aperiodic CSI-IM is used, the presence of aperiodic CSI-IM (and CSI-RS) is indicated by the CSI request field in the UL-related DCI. If the UE is also scheduled with a PDSCH in the same slot wherein the aperiodic CSI-IM occurs, rate matching around the aperiodic CSI-IM would have to be indicated using the ZP CSI-RS field in the DL DCI (note that the UE is aware of the presence of the aperiodic CSI-RS from the UL DCI and so knows that PDSCH should be rate matched around it without the need for aperiodic ZP CSI-RS indication.
This means that if a first UE receives PDSCH and measures aperiodic CSI-IM in the same slot, the gNB cannot trigger aperiodic NZP CSI-RS/CSI-IM measurements for a second UE in the same slot, as that would require the first UE to rate match its PDSCH around the second UEs NZP CSI-RS/CSI-IM. This rate matching is not possible to indicate since the ZP CSI-RS trigger field is already used to indicate rate matching around the first UEs CSI-IM. Furthermore, the codepoints of the ZP CSI-RS trigger field are exhausted as all possible CSI-IM positions must be possible to trigger, which limits the amount of possible NZP CSI-RS positions that PDSCH can be rate matched around.

[bookmark: _Toc503358182][bookmark: _Toc503358650][bookmark: _Toc503553978]According to current status of the spec, aperiodic ZP CSI-RS would need to be indicated with ZP CSI-RS field in DL DCI to rate match around aperiodic CSI-IM. This implies that only a single UE can receive beamformed NZP CSI-RS in a slot, since the ZP CSI-RS field cannot be used to indicate rate matching around other UEs NZP CSI-RS.
This limits the scheduling flexibility and also the utility of the aperiodic CSI-RS / CSI-IM feature. It would be more efficient if rate matching around aperiodic CSI-IM resources could also be indicated by the CSI request field in UL DCI, as this would allow the ZP CSI-RS trigger field to indicate rate matching around aperiodic NZP CSI-RS of other UEs, as is its intention.
[bookmark: _Toc503358639][bookmark: _Toc503553982]Whether aperiodic CSI-IM REs are rate matched around or not is conveyed by the CSI request field. The following options can be considered:
a. [bookmark: _Toc503358640][bookmark: _Toc503553983]A CSI-IM-Resource in RRC is optionally associated with a ZP-CSI-RS-Resource
b. [bookmark: _Toc503358641][bookmark: _Toc503553984]A CSI-IM-Resource in RRC has a true/false state that indicates if it’s rate matched around
c. [bookmark: _Toc503358642][bookmark: _Toc503553985]The CSI request field can optionally trigger a ZP CSI-RS resource set

Illustration of why joint indication of aperiodic CSI-IM and rate matching is beneficial
Figure 1 gives an example of why joint indication of aperiodic CSI-IM and rate matching is beneficial. In slot n, UE #1 has been scheduled with a PDSCH by a DL DCI (which was received either in slot n or a previous slot). UE #1 is also triggered with an aperiodic CSI report and measurement on aperiodic CSI-RS and CSI-IM, occurring in slot n, using an UL DCI. The UL DCI also schedules the UE for PUSCH transmission in slot n+3, whereon the aperiodic CSI report is carried. Also in slot n, UE #2 is triggered with an aperiodic CSI report and measurement on another aperiodic CSI-RS and CSI-IM, also occurring in slot n, by another UL DCI. That UL DCI also schedules a PUSCH transmission for UE #2 whereon the CSI report shall be carried.
Upon reception of the UL DCI scheduling PUSCH for UE #1, it determines from the CSI request field that aperiodic NZP CSI-RS and CSI-IM is triggered in slot n, and therefore knows that the PDSCH scheduled by the DL DCI shall be rate matched around the NZP CSI-RS REs. If rate matching of CSI-IM can be inferred from the CSI request field, the UE can infer that the PDSCH shall be rate matched around the aperiodic CSI-IM as well. Otherwise, the ZP CSI-RS field in DL DCI must be used to indicate rate matching around CSI-IM.
Since UE #1 is not aware of the aperiodically triggered CSI-IM and CSI-RS for UE #2, it must be explicitly indicated that its PDSCH shall be rate matched around the REs that UE #2’s CSI-RS and CSI-IM occupy. This can be indicated in the ZP CSI-RS trigger in the DL DCI that schedules UE #1’s PDSCH, if it does not have to be used to indicate rate matching around the UE #1s own CSI-IM. However, if that is not the case, it is not possible to trigger an aperiodic CSI-RS / CSI-IM for UE #2, since it would not be possible to indicate the appropriate rate matching of PDSCH to UE #1.
Note that as UE #2 is not scheduled to receive a PDSCH in slot n, it does not need to be informed about the presence of CSI-RS #1 and CSI-IM #1, and no ZP CSI-RS indication for UE #2 is needed.


[bookmark: _Ref503187428]Figure 1: Illustration of why joint indication of CSI-IM and rate matching is beneficial

Introduction of semi-persistent ZP CSI-RS resources
Another issue is that NR supports semi-persistent CSI-RS which may be used for UE-specific beamforming, while semi-persistent ZP CSI-RS is not yet supported for rate matching.  Hence, it seems natural to also support semi-persistent ZP CSI-RS for rate matching to indicate whether or not PDSCH should be rate matched. Otherwise, all UEs in the cell would have to either measure on all active SP NZP CSI-RS resources, or, the gNB must indicate rate matching around SP NZP CSI-RS resources using the ZP CSI-RS trigger field in DCI, which seems inefficient.
[bookmark: _Toc503354321][bookmark: _Toc503358643][bookmark: _Toc503553986]For the purpose of indicating rate matching around semi-persistent NZP CSI-RS of other UEs or cells, NR supports semi-persistent ZP CSI-RS
Since semi-persistent CSI-RS, CSI-IM and CSI reporting on PUCCH is activated with a MAC CE message, semi-persistent ZP CSI-RS could also be activated using MAC CE. As a SP ZP CSI-RS activation for the purpose of rate matching around other UEs SP NZP CSI-RS would likely be configured independently, a separate MAC CE message could be used, for instance containing a bitmap where each bit indicates activation/deactivation of an RRC configured ZP-CSI-RS-ResourceSet or simply conveying an ZP-CSI-RS-ResourceSetId.
[bookmark: _Toc503358644][bookmark: _Toc503553987]Semi-persistent ZP CSI-RS is activated/deactivate via MAC CE
Furthermore, since activation and deactivation of semi-persistent CSI-RS and semi-persistent CSI-IM is done with the same MAC CE message, using that same MAC CE message to also indicate if the SP CSI-IM is to be rate matched around seems appropriate.
[bookmark: _Toc503358645][bookmark: _Toc503553988]Whether semi-persistent CSI-IM REs are rate matched around or not is conveyed by the same MAC CE message as the one that activates/deactivates semi-persistent CSI-RS and semi-persistent CSI-IM. The following options can be considered:
d. [bookmark: _Toc503358646][bookmark: _Toc503553989]A CSI-IM-Resource in RRC is optionally associated with a ZP-CSI-RS-Resource
e. [bookmark: _Toc503358647][bookmark: _Toc503553990]A CSI-IM-Resource in RRC has a true/false state that indicates if it’s rate matched around
f. [bookmark: _Toc503358648][bookmark: _Toc503553991]The MAC CE message can optionally activate a semi-persistent ZP CSI-RS resource set

Conclusions
In this contribution, we present our views on the remaining details on ZP CSI-RS for rate matching and have made the following observations:
Observation 1	Separate CSI-IM and ZP CSI-RS configuration is useful for CoMP, but in most cases a CSI-IM resource would always have an overlapping ZP CSI-RS resource
Observation 2	According to current status of the spec, aperiodic ZP CSI-RS would need to be indicated with ZP CSI-RS field in DL DCI to rate match around aperiodic CSI-IM. This implies that only a single UE can receive beamformed NZP CSI-RS in a slot, since the ZP CSI-RS field cannot be used to indicate rate matching around other UEs NZP CSI-RS.

We make the following proposals:
Proposal 1	Introduce a ZP-CSI-RS-ResourceSet information element containing multiple ZP CSI-RS resource Ids. For periodic rate-matching of PDSCH, a zp-CSI-RS-ResourceSetId is configured in PDSCH-Config
Proposal 2	NR supports a fixed length of 2 bits for the DCI field used to trigger aperiodic ZP CSI-RS for rate matching, if the presence of the ZP CSI-RS trigger field is configured
Proposal 3	Each codepoint of the ZP CSI-RS trigger field is associated in RRC with a ZP CSI-RS resource set containing a number of aperiodic ZP CSI-RS resources
Proposal 4	Whether aperiodic CSI-IM REs are rate matched around or not is conveyed by the CSI request field. The following options can be considered:
a.	A CSI-IM-Resource in RRC is optionally associated with a ZP-CSI-RS-Resource
b.	A CSI-IM-Resource in RRC has a true/false state that indicates if it’s rate matched around
c.	The CSI request field can optionally trigger a ZP CSI-RS resource set
Proposal 5	For the purpose of indicating rate matching around semi-persistent NZP CSI-RS of other UEs or cells, NR supports semi-persistent ZP CSI-RS
Proposal 6	Semi-persistent ZP CSI-RS is activated/deactivate via MAC CE
Proposal 7	Whether semi-persistent CSI-IM REs are rate matched around or not is conveyed by the same MAC CE message as the one that activates/deactivates semi-persistent CSI-RS and semi-persistent CSI-IM. The following options can be considered:
a.	A CSI-IM-Resource in RRC is optionally associated with a ZP-CSI-RS-Resource
b.	A CSI-IM-Resource in RRC has a true/false state that indicates if it’s rate matched around
c.	The MAC CE message can optionally activate a semi-persistent ZP CSI-RS resource set
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