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1 Introduction
In this contribution we discuss the remaining issue of the reference signals and QCL support in NR. 
2 CSI-RS
Power offset signalling for CSI-RS and DM-RS of PDSCH/PDCCH
In RAN1#94 the issue of power assistance information for AGC was raised. For PDSCH and PDCCH channels, it was proposed to introduce power offset signalling (with 1dB step) relative to the CSI-RS for that purpose. It should be noted that the CSI-RS reference signal and PDSCH / PDCCH channels can be multiplexed with other channels and reference signals in the frequency domain that makes the corresponding fine granularity power offset signalling meaningless for AGC purpose. In practical UEs, significantly larger margin is already provisioned to compensate the uncertainty associated with such multiplexing and possible presence of additive interference from the other making the corresponding power offset signalling useless.
If AGC assistance information is found to be necessarily, we propose to handle this issue in unified manner for all cases (not just between CSI-RS and PDSCH/PDCCH) by using QCL framework and the same “average gain” assumption at the UE.
Proposal 1: Power offset signalling between CSI-RS and DM-RS of PDSCH / PDCCH is not supported. If AGC power assistance information is required, consider use of QCL framework and same “average gain” assumption
The following editorial text proposal is proposed for CSI-RS and PDCCH power ratio.
Proposal 2: Adopt the following TP on CSI-RS for 38.214.
[bookmark: _Toc517439441]4.1	Power allocation for downlink 
<Unrelated part omitted>
For link recovery, tThe downlink PDCCH EPRE is assumed as determined by the ratio of the PDCCH EPRE to NZP CSI-RS EPRE, and the ratio takes the value of 0 dB.


3 PT-RS
For uplink Non-Codebook (NCB) based transmission, the number of PT-RS antenna ports is determined by the PT-RS port index configured for each indicated SRS resources.
SRS-Resource ::= 						SEQUENCE {
	srs-ResourceId							SRS-ResourceId,
	nrofSRS-Ports							ENUMERATED {port1, ports2, ports4},
	ptrs-PortIndex							ENUMERATED {n0, n1 }				OPTIONAL,	-- Need R  
	...
}
Currently this parameter is optional. Hence its default value should be defined. One possible way is that if this is not configured, UE shall use single port PT-RS when it is present. Therefore the following TP is proposed.
Proposal 3: Adopt the following TP on PT-RS for 38.214.
[bookmark: _Toc517439525]6.2.3.1	UE PT-RS transmission procedure when transform precoding is not enabled
<Unrelated part omitted>
For non-codebook based UL transmission, the actual number of UL PT-RS port(s) to transmit is determined based on SRI(s). A UE may be configured with the PT-RS port index for each configured SRS resource by the higher layer parameter ptrs-PortIndex configured by SRS-Config. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port. If ptrs-PortIndex is not configured in any of the indicated SRS resource(s), the actual number of UL PT-RS port to transmit is 1 when PT-RS is present.

4 SRS
It has been agreed in RAN1 #93 meeting that minimal aperiodic SRS triggering offset is N2+42 symbols. In RAN1 #94 meeting, the minimal aperiodic SRS triggering offset for codebook and antenna switching for FR1 is optimized to be N2 symbols. Therefore for other types of SRS, this value should be N2+42. A TP is proposed as follows.
Proposal 4: Adopt the following TP on SRS for 38.214.
[bookmark: _Toc517439519]6.2.1	UE sounding procedure
<Unrelated part omitted>
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk523752361][bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to ‘codebook’ or ‘antennaSwitching’  in frequency range 1, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2, for which the minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. Otherwise, [Ffor other cases] the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + 42. 


We provide TP for 38.214 Section 6.2.1.2 UE sounding procedure for DL CSI acquisition, adding more clarifications about definition of UE antenna switching capability and corresponding configurations.
Proposal 5: Adopt the following TP on SRS for 38.214.
[bookmark: _Toc517439521]6.2.1.2 	UE sounding procedure for DL CSI acquisition 
When the UE is configured with the higher layer parameter usage in SRS-ResourceSet set as 'antennaSwitching', the UE may be configured with one of the following configurations depending on the indicated UE capability ('1T2R', '2T4R', '1T4R', '1T4R/2T4R', or 'T=R'). The indicated UE antennaSwitching capability of ‘xTyR’ corresponds to a UE, capable of simultaneous SRS transmission on at least ‘x’ antenna ports and has total of ‘y’ antenna ports.
-	1T2R: up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of the second resource in the set is associated with a different UE antenna port than the SRS port of the first resource in the same set, or
-	2T4R: up to two SRS resource sets configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports, and the SRS port pair of the second resource is associated with a different UE antenna port pair than the SRS port pair of the first resource, or
-	1T4R: zero or one SRS resource set configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent' with four SRS resources transmitted in different symbols, each SRS resource in a given set consisting of a single SRS port, and the SRS port of each resource is associated with a different UE antenna port, and
[bookmark: _Hlk493885834]-	1T4R: zero or two SRS resource sets each configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic' and with a total of four SRS resources transmitted in different symbols of two different slots, and where the SRS port of each SRS resource in given two sets is associated with a different UE antenna port. The two sets are each configured with two SRS resources, or one set is configured with one SRS resource and the other set is configured with three SRS resources. The UE shall expect that the two sets are both configured with the same values of the higher layer parameters alpha, p0, pathlossReferenceRS, and srs-PowerControlAdjustmentStates in SRS-ResourceSet. The UE shall expect that the value(s) of the higher layer parameter aperiodicSRS-ResourceTrigger in each SRS-ResourceSet are the same, and the value of the higher layer parameter slottOffset in each SRS-ResourceSet is different. Or, 
-	T = R: up to two SRS resource sets each with one SRS resource, where the number of SRS ports for each resource is equal to 1, 2, or 4.
The UE is configured with a guard period of Y symbols, in which the UE does not transmit any other signal, in the case the SRS resources of a set are transmitted in the same slot. The guard period is in-between the SRS resources of the set.
If the indicated UE capability is '1T4R/2T4R,' the UE shall expect to be configured with the same number of SRS ports, either one or two, for all SRS resources in the SRS resource set(s).
If the indicated UE capability is '1T2R', '2T4R', '1T4R', '1T4R/2T4R', the UE shall not expect to be configured or triggered with more than one SRS resource set in the same slot. If the indicated UE capability is 'T=R,' the UE shall not expect to be configured or triggered with more than one SRS resource set in the same symbol. 



5 TRS
As periodic and aperiodic TRS are agreed, for CSI-RS resources in a resource set, they should be configured with the same time domain to keep the same time domain behaviour for TRS.
Proposal 6: Adopt the following TP on TRS resource type for 38.214.
[bookmark: _Toc517439462]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]<Unrelated part omitted>
Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
<Unrelated part omitted>
[bookmark: _Hlk512448230]-	same resourceType, powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.

Further, the parameter powerControlOffset is used for CSI feedback, which is specified as follows:
powerControlOffset: which is the assumed ratio of PDSCH EPRE to NZP CSI-RS EPRE when UE derives CSI feedback and takes values in the range of [-8, 15] dB with 1 dB step size.
Therefore this parameter is not applied to TRS. Further the parameter powerControlOffsetSS is optional, so only when it is present, the same value should be configured. Therefore the following TP is proposed.
Proposal 7: Adopt the following TP on TRS power offset set for 38.214.
5.1.6.1.1	CSI-RS for tracking
<Unrelated part omitted>
Each CSI-RS resource, defined in Subclause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
<Unrelated part omitted>
-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources if configured.

6 QCL
QCL Type-C support from cross-CC indication
According to TS 38.311, cross-CC connection between target RS and source RS are only supported for QCL-Type D.
	QCL-Info field descriptions

	bwp-Id
The DL BWP which the RS is located in.

	cell
The carrier which the RS is located in. If the field is absent, it applies to the serving cell in which the TCI-State is configured. The RS can be located on a serving cell other than the serving cell in which the TCI-State is configured  only if the qcl-Type is configured as typeD. See TS 38.214 section 5.1.5.

	

	referenceSignal
Reference signal with which quasi-collocation information is provided as specified in TS 38.3214 subclause 5.1.5.

	qcl-Type 
QCL type as specified in TS 38.214 subclause 5.1.5.



It should be noted that for SCell operation without SSB, TRS configured on the SCell will not have any reference to the SSB from the PCell due to the above constraint. Lack of the corresponding QCL-type C information increases UE complexity and introduce new UE processing procedures for TRS comparing to SCell operation with SSB. It is, therefore, proposed to inform RAN2 that QCL type-C can be also applicable for cross CC QCL indication.  
Proposal 8: Send LS to RAN2 to inform that the current cross-CC QCL indication should be also supported for QCL Type-C.
In RAN1#94 meeting the issue of SSB-less configuration of CSI-RS for L1-RSRP was raised. It should be noted that CSI-RS for L1-RSRP wre introduced to support hierarchical beam management, where SSB in the first step are used to acquire preliminary Tx/Rx beam and CSI-RS are subsequently used to refine the Tx/Rx beams. It is, therefore, reasonable to require CSI-RS for L1-RSRP to be always connected to SSB wrt to QCL Type-D parameter.
Proposal 9: CSI-RS for L1-RSRP shall be configured with QCL Type-D connection to SSB.
QCL assumption for the same CSI-RS resource over time
According to TS 36.211, QCL assumption for the SSB with the same and different ID are specified as follows:
	The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block transmissions.



Such QCL assumption is necessarily to provide UE information about beam consistency over the time for the given SSB to facilitate Rx beam acquisition. For periodic and semi-persistence CSI-RS (unless higher layer configuration provides updated QCL) the same QCL consistence shall be defined in the specification. 
In RAN1#94 it was mentioned that the corresponding consistent QCL assumption over time for CSI-RS resource ID is implicitly implied by the current specification. It is, therefore, proposed to make the corresponding conclusion in the chairman’s notes.
Proposal 10: Capture the as conclusion in the chairman’s notes that unless indicated by higher layers, the UE may assume that CSI-RS resources transmitted with the given ID are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other CSI-RS transmissions with other ID. No spec changes are needed.
7 DMRS
In TS 38.211, Section 7.4.1.1.2, we have the following QCL assumptions for downlink DMRS ports within the same CDM group:
The UE may assume that the PDSCH DM-RS within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and spatial Rx.
The implication of this assumption needs to be clarified in the case of single TRP transmission and especially since DMRS port groups were removed from current Rel-15 specifications: Does the assumption still hold for the case of MU-MIMO operation when different UEs are assigned to ports within the same CDM group? 
Proposal 11: Clarify if the assumption that “the UE assumption that PDSCH DMRS ports within the same CDM group are QCL-ed with respect to Doppler Shift, Doppler Spread, Average Delay, delay spread and Spatial Rx,” can be applicable to the case of MU-MIMO transmissions where different UEs are assigned to ports within same CDM-group.
8 Summary
In this contribution the remaining issues of the reference signals and QCL support in NR Release 15 were addressed. In addition to text proposals to correct the current specification, the proposals made in this paper are summarized as follows:
· Power offset signalling between CSI-RS and DM-RS of PDSCH / PDCCH is not supported. If AGC power assistance information is required, consider use of QCL framework and same “average gain” assumption
· Send LS to RAN2 to inform that the current cross-CC QCL indication should be also supported for QCL Type-C.
· CSI-RS for L1-RSRP shall be configured with QCL Type-D connection to SSB.
· Capture the as conclusion in the chairman’s notes that unless indicated by higher layers, the UE may assume that CSI-RS resources transmitted with the given ID are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other CSI-RS transmissions with other ID. No spec changes are needed.
· [bookmark: _GoBack]Clarify if the assumption that “the UE assumption that PDSCH DMRS ports within the same CDM group are QCL-ed with respect to Doppler Shift, Doppler Spread, Average Delay, delay spread and Spatial Rx,” can be applicable to the case of MU-MIMO transmissions where different UEs are assigned to ports within same CDM-group.
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