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Motivation
For a periodic NZP CSI-RS resource, the associated QCL information is contained in its RRC configuration as follows [1]:
-- ASN1START
-- TAG-NZP-CSI-RS-RESOURCE-START
NZP-CSI-RS-Resource ::=		SEQUENCE {
	nzp-CSI-RS-ResourceId				NZP-CSI-RS-ResourceId,

	-- OFDM symbol location(s) in a slot and subcarrier occupancy in a PRB of the CSI-RS resource	
	resourceMapping							CSI-RS-ResourceMapping,
	-- Power offset of NZP CSI-RS RE to PDSCH RE. Value in dB. Corresponds to L1 parameter Pc (see 38.214, sections 5.2.2.3.1 and 4.1)
	powerControlOffset						INTEGER(-8..15),
	-- Power offset of NZP CSI-RS RE to SS RE. Value in dB. Corresponds to L1 parameter 'Pc_SS' (see 38.214, section 5.2.2.3.1)
	powerControlOffsetSS					ENUMERATED{db-3, db0, db3, db6}		OPTIONAL,	
	-- Scrambling ID (see 38.214, section 5.2.2.3.1)
	scramblingID							ScramblingId,

	-- Periodicity and slot offset sl1 corresponds to a periodicity of 1 slot, sl2 to a periodicity of two slots, and so on. 
	-- The corresponding offset is also given in number of slots. Corresponds to L1 parameter 'CSI-RS-timeConfig' (see 38.214, section 5.2.2.3.1)
	periodicityAndOffset					CSI-ResourcePeriodicityAndOffset	OPTIONAL, --Cond PeriodicOrSemiPersistent

	-- For a target periodic CSI-RS, contains a reference to one TCI-State in TCI-States for providing the QCL source and 
	-- QCL type. For periodic CSI-RS, the source can be SSB or another periodic-CSI-RS.
	-- Corresponds to L1 parameter 'QCL-Info-PeriodicCSI-RS' (see 38.214, section 5.2.2.3.1)
	qcl-InfoPeriodicCSI-RS						TCI-StateId			OPTIONAL, --Cond Periodic
	...
}

-- TAG-NZP-CSI-RS-RESOURCE-STOP

Regarding the TRS which is a CSI-RS resource set configured with higher layer parameter TRS-Info, each CSI-RS resource has its individual configuration of QCL assumption since TRS is a set of periodic CSI-RS resource. If each CSI-RS resource has different QCL assumptions, the UE may have to use different Rx beams to receive a burst of TRS. Then the channel large-scale properties corresponding different CSI-RS resources in different OFDM symbols within a burst may be different, which will lead to performance degradation of timing/frequency tracking.  Thus it is better to clearly state UE doesn’t expect such kind of configuration in TS 38.214 [2]. 
Although the current spec TS 38.214 [2] states that UE shall assume the antenna port with the same port index of the configured NZP CSI-RS resources in the CSI-RS resource set is same. However, the current definition of antenna port is somewhat of ambiguity since it is not clear whether or not the beams carrying these CSI-RS resources can be changed among the consecutive slots. There are some discussions on the definition of antenna ports for different types of CSI-RS resources, but no consensus were achieved [3][4].
In RAN1#92bis meeting, aperiodic TRS was agreed for NR. The reference signals for QCL assumption of aperiodic TRS is its associated periodic TRS, which is capture in TS 38.214 as follows:
     the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources

 In order to avoid the ambiguity of QCL assumption for aperiodic TRS, it also requires that the CSI-RS resources within a periodic TRS should be configured with the same QCL assumption.
[bookmark: _GoBack]Based on the above discussions, we have the following suggestion:

Suggestion 1: In Section 5.1.6.1.1 of TS 38.214, the QCL configuration of each CSI-RS resource for periodic TRS should be the same.

When we discussed the QCL assumption regarding TRS, there were only agreements to support periodic TRS. However, in RAN1#92bis meeting, there was an agreement regarding aperiodic TRS, which introduce the QCL assumption between aperiodic TRS and periodic TRS [3]. 
Agreement:
· Rel-15 supports aperiodic TRS for FR2 as an optional UE feature with UE capability signalling
· (Working assumption) A UE does not expect to be triggered to aperiodic TRS unless it has been configured with an associated periodic TRS with the same burst length X slots on the same BWP
· The aperiodic TRS and the associated periodic TRS has the same BW, [same symbol position, same subcarrier location] and the aperiodic TRS will be QCL type A+D (if applicable) with this periodic TRS
· FFS on DCI trigger timing for SCell activation and BWP switching
· The UE does not expect the scheduling offset between DCI to the first symbol of TRS be smaller than the threshold UE reported
· The aperiodic TRS is triggered by UL DCI (same as CSI-RS) 
· No new/additional RRC parameters are introduced for this feature except UE capability



Based on the above agreement, we have a new QCL assumption between periodic TRS and aperiodic TRS with respective QCL-Type A or {QCL-Type A + QCL-Type D}. Naturally, the corresponding QCL assumption and QCL types should be capture in Section 5.1.5 of TS 38.214

Suggestion 2: In Section 5.1.5 of TS 38.214, adopt the following text proposal to capture the newly introduced QCL assumption between periodic TRS and aperiodic TRS:
       -	If an aperiodic CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect 
-	’QCL-TypeA' or {QCL-TypeA' and QCL-TypeD'} with a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.

In the current version of TS 38.214, there are some QCL assumption regarding TRS:
-	If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect 
-	'QCL-TypeC' or {QCL-TypeC' and QCL-TypeD'} configurations with SS/PBCH block, or
-	’QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.


We need to state clearly that the above description is only for periodic TRS since an aperiodic TRS can be only quasi col-located with its associated periodic TRS

Suggestion 3: In Section 5.1.5 of TS 38.214, adopt the following modification to capture that the current description about TRS is only for periodic TRS:
       -	If a periodic CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect 
-	'QCL-TypeC' or {QCL-TypeC' and QCL-TypeD'} configurations with SS/PBCH block, or
-	’QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.

The higher layer parameter periodicityAndOffset within NZP-CSI-RS-Resource provides two parameters: periodicity and offset (in terms of slots). In the current specification of Section 5.1.5 in TS 38.214, we only talk about the periodicity. Thus we need to modify the sentence to reflect the periodicity configuration restriction. Moreover, the unit of “ms” should also be removed here.

Suggestion 4: In Section 5.1.5 of TS 38.214, adopt the following modification
· 

the periodicity and slot offset, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource , . The periodicity is one of slots where 10, 20, 40, or 80ms and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 

In RAN1 NR AdHoc meeting in Vancouver [5], there was a remaining issue regarding whether TRS for SCell can be enabled during the deactivated state. For the PCell, UE is not configured with TRS until the RRC connection is established. That is to say, for the initial transmissions, UE can provide acceptable performance without TRS. Thus for the SCell, UE is expected to offer acceptable performance for a limited number of transmissions without TRS. Such behavior also has less requirement on UE complexity.

Suggestion 5: UE is not required to monitor the TRS on the deactivated SCell(s).

In RAN1#92 meeting [6], there were some discussions on how to configure the reporting setting for TRS during the email discussion. However, no consensus was achieved. Generally, there are two basic solutions:
1. No report setting is configured for TRS
2. The value of reportQuantity  is set to “none” in the reporting setting configured for TRS
For the periodic TRS, no report is needed for TRS. However, for aperiodic TRS, the DCI will trigger a report setting, which requests the reporting setting(s) for TRS.  In order to support both periodic and aperiodic TRS in a common way, we prefer Alternative 2.

Suggestion 6: 
· A reporting setting with the parameter reportQuantity set to “none” is configured for TRS.

In RAN1#92 meeting [6], there was a discussion on the joint use of TRS and SSB. Generally speaking, whether to jointly use TRS and SSB for better timing/frequency tracking is up to UE implementation. If the UE thinks only TRS is sufficient, it will only use TRS for finer tracking. On the contrast, the UE may use TRS and SSB if it has some algorithm to achieve better time/frequency tracking by exploiting SSB in addition to TRS. 

Suggestion 7: Whether or not to support joint use of SSB and TRS is up to UE implementation and has not impact on the specification. 

In RAN1#92bis meeting, there is a FFS part within the agreement for aperiodic TRS [3]:
FFS on DCI trigger timing for SCell activation and BWP switching

For the SCell activation or BWP switching, there are some guard period reserved for UE to re-tune the RF or change the BWP.  For a DCI-triggered A-TRS, such kind of guard period should be reused. Thus the DCI triggering time should reuse the counterpart of SCell activation/BWP switching, and introduce no new timing.

Suggestion 8: the DCI triggering timing for TRS should reuse the counterpart of the other similar operation involving SCell activation/BWP switching, and introduce no new timing.


Text proposal
Section 5.1.6.1.1 of TS 38.214
Based on the above discussion, we make the following text proposal to capture the suggestions and some minor corrections for Section 5.1.6.1.1 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.6.1.1 of TS 38.214*********************/
[bookmark: _Toc510988179][bookmark: _Hlk512408402]5.1.6.1.1	CSI-RS for tracking
[bookmark: _Hlk513060382]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 same. For frequency range 1, the UE may be configured with a NZP-CSI-RS-ResourceSet of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. For frequency range 2 the UE may be configured with a NZP-CSI-RS-ResourceSet of two periodic CSI-RS resources in one slot or with a NZP-CSI-RS-ResourceSet of four periodic CSI-RS resources in two consecutive slots with two periodic CSI-RS resources in each slot. 
[bookmark: _Hlk513180296][bookmark: _Hlk512260067]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, and the same value of the RRC parameter qcl-InfoPeriodicCSI-RS
· For frequency range 2, 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, [symbol position, subcarrier location] and the aperiodic CSI-RS being ‘QCL-Type-A’ and ‘QCL-TypeD’, where applicable, with the periodic CSI-RS resources. The UE does not expect that the scheduling offset between 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.
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 NZP-CSI-RS-ResourceSet configured with trs-Info and repetition simultaneously.
Each CSI-RS resource, defined in Subclause 7.4.1.5.3-1 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, 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, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource , . The periodicity is one of slots where 10, 20, 40, or 80 ms and where µ is defined in Subclause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
/******************** End of Text Proposal for Section 5.1.6.1.1 of TS 38.214*********************/

Section 5.1.5 of TS 38.214
Based on the discussions, we make the following text proposal to capture the above-mentioned suggestions and some minor corrections for Section 5.1.5 of TS 38.214

/******************** Start of Text Proposal for Section 5.1.5 of TS 38.214*********************/
· [bookmark: _Toc510988176][bookmark: _Hlk498589824]5.1.5	Antenna ports quasi co-location
<text omitted> 
A UE should expect only the following qcl-Type configurations in the higher layer parameter TCI-State:
-	If a periodic CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect 
-	'QCL-TypeC' or {QCL-TypeC' and QCL-TypeD'} configurations with SS/PBCH block, or
-	’QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
-	If an aperiodic CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info, the UE should only expect 
-	’QCL-TypeA' or {QCL-TypeA' and QCL-TypeD'} with a periodic CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info.
-	If a CSI-RS resource is in a NZP-CSI-RS-ResourceSet configured without higher layer parameter trs-Info and without repetition , the UE should only expect
[bookmark: _Hlk510821913]-	'QCL-TypeA' or 'QCL-TypeB' configuration with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter trs-Info or
-	 'QCL-TypeD' with a CSI-RS resource in a NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition.
<text omitted>
/******************** End of Text Proposal for Section 5.1.5 of TS 38.214*********************/
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