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Introduction
In RAN1#94 meeting, some TPs were agreed and the updated specifications were endorsed in [1][2]. Because there are still some remaining issues to be solved, we provide some TPs and proposals on RS and QCL related remaining issues in this contribution.
Discussion
DM-RS
Since only 2, 4 and 7 symbol duration are supported for PDSCH mapping type B, the DMRS position values for 6 symbols duration should be removed as shown in the following TP: 
TP1 for section 7.4.1.1.2 in 38.211: 
< Start of text proposal >

Table 7.4.1.1.2-3: PDSCH DM-RS positions  for single-symbol DM-RS.
	Duration in symbols
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< End of text proposal >

Before RAN1 ad-hoc#1801 meeting, DMRS sequence group hopping was never discussed for DFT-s-OFDM, and the editor used LTE like description in the very initial 38.211 as follows. 
Sequence-group hopping can be enabled or disabled by means of the cell-specific parameter Group-hopping-enabled-Transform-precoding provided by higher layers. Sequence-group hopping can be disabled for a certain UE through the higher-layer parameter Disable-sequence-group-hopping-Transform-precoding despite being enabled on a cell basis. 
And in ad-hoc#1801 meeting, one TP was agreed to remove cell-specific parameter Group-hopping-enabled-Transform-precoding. However, in the current 38.331, the parameter still exists under PUSCH-ConfigCommon as follows
-- ASN1START
-- TAG-PUSCH-CONFIGCOMMON-START
PUSCH-ConfigCommon ::= 					SEQUENCE {
	groupHoppingEnabledTransformPrecoding	ENUMERATED {enabled}													OPTIONAL,	-- Need R
	pusch-TimeDomainAllocationList			PUSCH-TimeDomainResourceAllocationList								OPTIONAL,	-- Need R
	msg3-DeltaPreamble						INTEGER (-1..6)															OPTIONAL,	-- Need R
	p0-NominalWithGrant						INTEGER (-202..24)														OPTIONAL,	-- Need R
	...
}

-- TAG-PUSCH-CONFIGCOMMON-STOP
-- ASN1STOP
	PUSCH-ConfigCommon field descriptions

	groupHoppingEnabledTransformPrecoding
Sequence-group hopping can be enabled or disabled by means of this cell-specific parameter. Corresponds to L1 parameter 'Group-hopping-enabled-Transform-precoding' (see 38.211, section FFS_Section) This field is Cell specific

	msg3-DeltaPreamble
Power offset between msg3 and RACH preamble transmission. Actual value = field value * 2 [dB]. Corresponds to L1 parameter 'Delta-preamble-msg3' (see 38.213, section 7.1)

	p0-NominalWithGrant
P0 value for PUSCH with grant (except msg3). Value in dBm. Only even values (step size 2) allowed. Corresponds to L1 parameter 'p0-nominal-pusch-withgrant' (see 38.213, section 7.1) This field is cell specific

	pusch-TimeDomainAllocationList
List of time domain allocations for timing of UL assignment to UL data


Therefore, we propose to send an LS to inform RAN2 that this parameter is not used in RAN1.
Proposal 1: Send an LS to inform RAN2 that the parameter ‘groupHoppingEnabledTransformPrecoding’ is not used in RAN1.

SRS
Based on the current 38.214 for the UL beam management as follows, the SRS resources in different SRS resource sets can be transmitted simultaneously. However, this rule seems not correct if two SRS resource sets are in different BWPs or have different time domain behavior. As shown in Figure 2.2-1, SRS resource set 0 and set 1 are periodic and aperiodic respectively. Since some resources in set 1 may have the same beam with some resources in set 0, the rule is not correct in this case. So the rule is satisfied only when SRS resource sets for BM have the same time domain behavior in the same BWP.
[image: ]
Figure 2.2-1 SRS for BM
Therefore, we provide one TP to fix this issue as follows
TP2 for section 6.2.1 in 38.214:
< Start of text proposal >

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSet. For each SRS resource set, a UE may be configured with SRS resources (higher later parameter SRS-Resource), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', the SRS resources in different SRS resource sets within the same BWP can be transmitted simultaneously if these SRS resources have the same time domain behaviorThe SRS resources in different SRS resource sets can be transmitted simultaneously.
< End of text proposal >

[bookmark: OLE_LINK15][bookmark: OLE_LINK14]In RAN1#94 meeting, it has been agreed that for SRS for CB PUSCH and antenna switching on FR1, 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 symbols. For FR2, there was discussion on the minimal time in post-RAN1#94 email discussion. The difference between FR1 and FR2 is mainly on beam switching.  Hence for SRS for CB PUSCH and antenna switching on FR2, beam switching time should be reserved. Considering UE capability and the configuration of spatialRelationInfo between PUSCH and SRS, we propose that 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 + A, where A=0 if only one active spatialRelationInfo value is configured for PUCCH, PUSCH and SRS (i.e. sharing the same beam), otherwise A is based on UE capability.  Note that‘active spatialRelationInfo’ refers to the finally selected spatial relation for each PUCCH resource or SRS resource for PUSCH via MAC-CE or RRC. In additon, since it has been agreed not to configure both associated CSI-RS resource and spatialRelationInfo for the SRS which is used for NCB based PUSCH in FR2, the minimal time interval of this case can follow the other cases, i.e. N2+A.   
Proposal 2: For SRS on FR2, 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 + A. A=0 if only one active spatialRelationInfo value is configured for PUCCH, PUSCH and SRS, otherwise A is based on UE capability. 
TP3 for section 6.2.1 in 38.214:
< Start of text proposal >
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]-	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 SRS in frequency range 2, 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 + A, where A=0 if the same spatialRelationInfo value is configured for PUCCH, PUSCH and SRS, otherwise A is based on UE capability. Otherwise, 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. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS.

-	If the UE receives the DCI triggering aperiodic SRS in slot n, the UE transmits aperiodic SRS in each of the triggered SRS resource set(s) in slot where k is configured via higher layer parameter slotoffset for each triggered SRS resources set and is based on the subcarrier spacing of the triggered SRS transmission, µSRS and µPDCCH are the subcarrier spacing configurations for triggered SRS and PDCCH carrying the triggering command respectively. 
< End of text proposal >

TRS
Based on the current specification, we cannot see the description to support aperiodic TRS set configured with four NZP CSI-RS resources in two consecutive slots with two NZP CSI-RS resources in each slot for FR1. So the related description for TRS pattern and configuration should be for both periodic TRS and aperiodic TRS.
TP4 for section 5.1.6.1.1 in 38.214:
< Start of text proposal >
A UE in RRC connected mode is expected to receive the higher layer UE specific configuration of a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
For a NZP-CSI-RS-ResourceSet configured with the higher layer parameter trs-Info, the UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the NZP-CSI-RS-ResourceSet is the same. For frequency range 1, the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. For frequency range 2 the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 
A UE configured with NZP-CSI-RS-ResourceSet(s) configured with higher layer parameter trs-Info may have the CSI-RS resources configured as:
-	Periodic, with the CSI-RS resources in the NZP-CSI-RS-ResourceSet configured with same periodicity, bandwidth and subcarrier location
-	Periodic CSI-RS resource in one set and aperiodic CSI-RS resources in a second set, with the aperiodic CSI-RS and periodic CSI-RS resource having the same bandwidth (with same RB location) and the aperiodic CSI-RS being 'QCL-Type-A' and 'QCL-TypeD', where applicable, with the periodic CSI-RS resources. For frequency range 2, the UE does not expect that the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than the UE reported ThresholdSched-Offset. The UE shall expect that the periodic CSI-RS resource set and aperiodic CSI-RS resource set are configured with the same number of CSI-RS resources. For the aperiodic CSI-RS resource set if triggered, and if the associated periodic CSI-RS resource set is configured with four periodic CSI-RS resources with two consecutive slots with two periodic CSI-RS resources in each slot, the higher layer parameter aperiodicTriggeringOffset indicates the triggering offset for the first slot for the first two CSI-RS resources in the set.
A UE does not expect to be configured with a CSI-ReportConfig that is linked to a CSI-ResourceConfig containing an NZP-CSI-RS-ResourceSet configured with trs-Info and with the CSI-ReportConfig configured with the higher layer parameter timeRestrictionForChannelMeasurements set to 'configured'.
A UE does not expect to be configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to other than 'none' for aperiodic NZP CSI-RS resource set configured with trs-Info.
A UE does not expect to be configured with a CSI-ReportConfig for periodic NZP CSI-RS resource set configured with trs-Info.
A UE does not expect to be configured with a NZP-CSI-RS-ResourceSet configured both with trs-Info and repetition.
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:
-	the time-domain locations of the two periodic CSI-RS resources in a slot, or of the four periodic CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.


-	the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks

-	the UE is not expected to be configured with the periodicity of  slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.


-	the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of slots where 10, 20, 40, or 80 and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 
-  same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
< End of text proposal >

QCL
QCL indication for TRS 
In the current 38.214, SSB configured in a TCI is to deliver QCL type C for a target periodic TRS. Meanwhile, in the description of the current 38.331, the RS configured in TCI and the target RS can be in the different CCs only if qcl-Type is type D as described in the red part below. 
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::= 						SEQUENCE {
	tci-StateId							TCI-StateId,
	qcl-Type1							QCL-Info,
	qcl-Type2							QCL-Info																OPTIONAL,	-- Need R
	...
}

QCL-Info ::=						SEQUENCE {
	cell								ServCellIndex															OPTIONAL,	-- Need R
	bwp-Id								BWP-Id																	OPTIONAL, -- Cond CSI-RS-Indicated
	referenceSignal						CHOICE {
		csi-rs								NZP-CSI-RS-ResourceId,
		ssb									SSB-Index
	},
	qcl-Type							ENUMERATED {typeA, typeB, typeC, typeD},
	...
}

-- TAG-TCI-STATE-STOP
-- ASN1STOP
	QCL-Info field descriptions

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

	cell
The UE’s serving cell in which the referenceSignal is configured. 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.


However, there may be no SSB in some CCs which still have TRS transmission as shown in Figure 2. In order to achieve QCL type C for TRS in CC1, SSB in CC0 can be as a QCL type C reference for the target TRS in CC1. 
[image: ]
Figure 2 No SSB in CC1
Proposal 3: Send a LS to RAN2 that:
The RS configured in QCL-Info can be located on a serving cell other than the serving cell in which the TCI-State is configured if the qcl-Type is configured as typeD or if the qcl-Type is configured as typeC and the referenceSignal is configured as ssb. 

TCI indication with AP CSI-RS
In NR, the TCI in a DCI 1_1 to schedule a PDSCH can indicate an AP CSI-RS as QCL source, and the QCL for AP CSI-RS is configured in CSI trigger states. In the following cases, the large-scale channel parameters including spatial QCL parameter delivered by AP CSI-RS can be updated dynamically.
Case 1: Update the QCL source of AP CSI-RS in DCI 0_1
As the QCL source of AP CSI-RS is configured in CSI trigger states, it can be updated via CSI request field in DCI 0_1. For example, if the following trigger states are configured, both the DCI codepoints associated with trigger state 0 and trigger state 1 can trigger AP CSI-RS 0, but with different QCL sources. The different QCL sources indicate different Rx beam for the AP CSI-RS and the corresponding PDSCH. The example shows that UE cannot know the Rx beam for the PDSCH scheduled by a DCI 1_1 before it detects the DCI 0_1 triggering the AP CSI-RS.
Table 2.6-1 Example of trigger states for AP CSI
	CSI trigger State
	Resource ID in a resource set
	QCL source in a TCI state

	Trigger State 0
	AP CSI-RS resource 0
	CSI-RS 1 for BM

	Trigger State 1
	AP CSI-RS resource 0
	CSI-RS 2 for BM


Case 2: Update the channel parameter by measuring the AP CSI-RS
There are several detailed examples for Case 2. One example is to trigger a P3 before receiving the PDSCH. Specifically, gNB triggers an AP CSI-RS resource set with repetition ON, so that UE can refine the Rx beam before receiving the PDSCH. Another example is to trigger an AP TRS before receiving the PDSCH. UE can refine the channel parameter after measuring the AP TRS and apply it on the PDSCH reception. This can be used just after BWP switch or SCell activation.
For the above cases, if TCI indicates an AP CSI-RS as QCL source, UE need some time to process another DCI or the AP CSI-RS itself before applying the channel parameter to PDSCH reception. However, the timing for this TCI indication is not clear when AP CSI-RS is used. It would cause significant issues for both gNB and UE. 
· From UE side, it may not have enough time to apply the QCL information indicated by gNB. Moreover, the AP CSI-RS can be triggered multiple times before the PDSCH, UE does not know the QCL of which occasion shall be used. 
· From gNB side, it does not know whether UE can process the information in time. Then gNB does not know when to indicate the TCI state or trigger the AP CSI-RS, as the UE behavior is not clear to it. 
For example, for the case in Fig. 3(a), the UL DCI updating the QCL information of AP CSI-RS is quite close to the target PDSCH. UE does not have time to apply the latest QCL information given in this UL DCI. gNB does not know whether it shall expect the UE to update the QCL information.


(a)


(b)
Fig. 3 Timing issue for TCI indication with an AP CSI-RS
Due to the significant issues caused by the lack of timing for the indicated AP CSI-RS and the target PDSCH, we propose to adopt the approach given in Fig. 3(b), i.e., simply clarifying that the AP CSI-RS is the latest AP CSI-RS prior to the OFDM symbol which is S symbols before the first symbol of the scheduled PDSCH. Based on this clarification, UE can guarantee sufficient time between AP CSI-RS and PDSCH and the time between UL DCI and PDSCH. gNB knows that how to indicate TCI state and trigger the AP CSI-RS so that the QCL information can be applied, since the UE behavior is clear to gNB. Both the above Case 1 and Case 2 can work well.
For the value of S, it should fulfill the time requirement of processing the AP CSI-RS resource to derive the best Rx beam or other QCL parameters according to the above Case 2, including the Rx switch time for receiving the PDSCH if needed. It’s more appropriate to make it depend on UE capability as different types of UEs require different numbers of symbols to derive these parameters.
Proposal 4: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.
- The value of S is reported as UE capability.
[bookmark: _GoBack]
Clarification of 'QCL-TypeD is applicable' for CSI-RS resource
In last meeting, the clarification of ‘QCL-TypeD is applicable’ is quite controversial for CSI-RS resource. In our view, at least for CSI-RS resources with the following usages can be configured without QCL-TypeD in FR2.
· CSI-RS resources within a resource set configured with repetition on. This case is actually for initial beam sweeping with P3. The main motivation is to train UE receiving beams. 
· Ap-CSI-RS with a shorter delay than a threshold. In RAN1#94 meeting, a default beam had been agreed in this case at least for CSI-RS for CSI. In other words, QCL-Type D of this kind of CSI-RS will follow some other signals, e.g. PDCCH. So configuring QCL-Type D for those CSI-RS resources is unnecessary.
Proposal 5: In FR2, CSI-RS resource can be configured without QCL-TypeD.

Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provide our proposal and some TPs on RS and QCL related issues to the current NR specifications. 
Proposal 1: Send an LS to inform RAN2 that the parameter ‘groupHoppingEnabledTransformPrecoding’ is not used in RAN1.
Proposal 2: For SRS on FR2, 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 + A. A=0 if only one active spatialRelationInfo value is configured for PUCCH, PUSCH and SRS, otherwise A is based on UE capability. 
Proposal 3: Send a LS to RAN2 that:
The RS configured in QCL-Info can be located on a serving cell other than the serving cell in which the TCI-State is configured if the qcl-Type is configured as typeD or if the qcl-Type is configured as typeC and the referenceSignal is configured as ssb. 
Proposal 4: If a TCI state for PDSCH indicates an AP CSI-RS resource as a QCL source, UE shall apply the QCL of the latest occasion of this AP CSI-RS prior to the OFDM symbol n-S, where symbol n is the first symbol of the scheduled PDSCH.
- The value of S is reported as UE capability.
Proposal 5: In FR2, CSI-RS resource can be configured without QCL-TypeD.
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