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Introduction
For Rel-15 3GPP defined a set of possible configurations for CSI-RS for tracking (TRS). At the time the supported configurations were a compromise between the UE’s need for RS for time/frequency synch, and the overhead and energy consumption imposed to the network. 
The TS 38.214 subclause 5.1.6.1.1 defines the CSI-RS for tracking to have two symbols per slot in a one or two slot configuration, but hard-codes the FR1 to always transmit the TRS in the two-slot configuration, while FR2 is designed to work with a onw-slot TRS configuration.
	-	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. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one 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. 
[…]
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four 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.



The TS 38.306 appears to imply that there was an intent to support a one-slot TRS configuration for all frequency ranges, and the UE capability text indicates that UEs are required to support 1-slot TRS config, when 38.214 removes the 1-slot possibility from FR1.
	csi-RS-ForTracking
Indicates support of CSI-RS for tracking (i.e. TRS). This capability signalling comprises the following parameters:
-	maxBurstLength indicates the TRS burst length. Value 1 indicates 1 slot and value 2 indicates both of 1 slot and 2 slots. In this release UE is mandated to report value 2;
-	maxSimultaneousResourceSetsPerCC indicates the maximum number of TRS resource sets per CC which the UE can track simultaneously;
-	maxConfiguredResourceSetsPerCC indicates the maximum number of TRS resource sets configured to UE per CC. It is mandated to report at least 8 for FR1 and 16 for FR2;
-	maxConfiguredResourceSetsAllCC indicates the maximum number of TRS resource sets configured to UE across CCs. If the UE includes the field in an FR1 band, it shall set the same value in all FR1 bands. If the UE includes the field in an FR2 band, it shall set the same value in all FR2 bands. The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the FR1 value across all FR1 serving cells and no more than the FR2 value across all FR2 serving cells. The UE is mandated to report at least 16 for FR1 and 32 for FR2.
The UE is mandated to report csi-RS-ForTracking.



The symbol locations and the requirement for two-slot configuration in FR1 complicates the TRS multiplexing with PDSCHs sent before the UE has a dedicated configuratin (SI, paging, RAR), and the need for two-slot config limits the network energy saving when there is only light traffic in the system.
In this TEI18 document we propose additional FR1 TRS configurations to better facilitate multiplexing with common PDSCH transmissions and increase the opportunities for network energy savings.
[bookmark: _Hlk510705081]Discussion
The currently allowed TRS configurations for FR1 are depicted in Figure 1. It is evident that UEs not aware of the TRS cannot use the PRBs with TRS except by brute-force puncturing the TRS REs, and in many cases on FR1 carriers this means that the slots cannot be used at all for paging, system info or random access response. It is also not possible to multiplex TRS in the SSB slots if more than 1 SSB is used by the network.
In low-loaded environment this means that instead of being able to concentrate the TRS transmissions with common channels, different set of slots need to be used, increasing the network’s on-time.
[image: ]
[bookmark: _Ref127443279]Figure 1: Allowed FR1 TRS configurations since Rel-15

Possible enhancements allowing better multiplexing of PDSCH and SSB with TRS: 
· Support TRS symbols at the end of the slot so that the beginning of the slot can be used for PDSCH. E.g. symbol configurations {9, 13}, {11, 13} and {12, 13}
· Support a single-symbol TRS configuration at the end of the slot, leaving the beginning of the TRS slot for PDSCH and SSB
· Support one-slot TRS configurations as with FR2, preferably together with the option of placing the TRS symbols at the end of the slot, e.g. symbol configurations {9, 13}, {11, 13} and {12, 13}

[image: ]
Figure 2: Possible new TRS configurations friendlier to PDSCH multiplexing

	Configuration
	Benefit over TRS configurations supported in Rel-15

	{9,13}
	Allows muxing of PDSCH with TRS. Same TRS RE distance as with existing TRS configs.

	{11,13}
	Allows better multiplexing of PDSCH with TRS

	{12,13} and {13}
	Allows multiplexing with >1 SSBs and even better multiplexing with PDSCH



Conclusion
This contribution discusses the multiplexing inefficiency network energy related aspects of the existing CSI-RS for tracking (TRS) configurations and proposes extending the TRS configurations with at least some of the following for FR1:
· TRS symbols at the end of the slot so that the beginning of the slot can be used for PDSCH. 
· Symbol configurations {9, 13}, {11, 13} and {12, 13}
· Single-symbol TRS at the end of the slot
· At least symbol configuration {13}
· One-slot TRS configurations 
· With existing symbol configurations {4,8}, {5,9} and {6,10}
· With new symbol configurations {9, 13}, {11, 13} and {12, 13}
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Annex – TS 38.214 subclause 5.1.6.1.1 CSI-RS for tracking
[bookmark: _Toc11352099][bookmark: _Toc20317989][bookmark: _Toc27299887][bookmark: _Toc29673152][bookmark: _Toc29673293][bookmark: _Toc29674286][bookmark: _Toc36645516][bookmark: _Toc45810561][bookmark: _Toc122105111][bookmark: _Hlk127440009]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 the same. 
[bookmark: _Hlk25849405]-	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. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigDedicated, then the UE may be configured with one or more NZP CSI-RS set(s), where a NZP-CSI-RS-ResourceSet consists of two periodic NZP CSI-RS resources in one 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. 
[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.
-	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 configured with qcl-Type set to 'typeA' and '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 beamSwitchTiming + d  in CSI-RS symbols, where beamSwitchTiming is UE reported value defined in [13, TS 38.306], the reported value is one of the values of {14, 28, 48}, and the beam switching timing delay d is defined in Table 5.2.1.5.1a-1 if  µPDCCH < µCSIRS , else d is zero. 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 and with the same number of CSI-RS resources in a slot. 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 Clause 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 CSI-RS resources in a slot, or of the four 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.
-	if carrier , ,  and the carrier is configured in paired spectrum, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is X resource blocks, where  resource blocks if the UE indicates trs-AddBW-Set1 for the trs-AdditionalBandwidth capability for CSI-RS for tracking or addBW-Set1 for the aperiodicCSI-RS-AdditionalBandwidth capability for aperiodic CSI-RS for fast SCell activation and  if the UE indicates trs-AddBW-Set2 for the AdditionalBandwidth capability for CSI-RS for tracking or addBW-Set2 for the aperiodicCSI-RS-AdditionalBandwidth capability for aperiodic CSI-RS for fast SCell activation; in these cases, if the UE is configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, 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. For operation with shared spectrum channel access in FR1, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 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 Clause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.
A UE in RRC_IDLE or RRC_INACTIVE can receive a higher layer configuration of TRS occasions via a trs-ResourceSetConfig. 
-	For frequency range 1, the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a TRS-ResourceSet consists of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. If no two consecutive slots are indicated as downlink slots by tdd-UL-DL-ConfigurationCommon, then the UE may be configured with one or more TRS resource set(s), where a TRS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot.
-	For frequency range 2 the UE may be configured with one or more TRS resource set(s), where each TRS resource set configured by a TRS-ResourceSet consists of two periodic NZP CSI-RS resources in one slot or by a TRS-ResourceSet of four periodic NZP CSI-RS resources in two consecutive slots with two periodic NZP CSI-RS resources in each slot. 
Each NZP CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter TRS-ResourceSet with the following restrictions for a UE in RRC_IDLE or RRC_INACTIVE:
-	the number of periodic NZP CSI-RS resources configured by a TRS-ResourceSet is given by nrofResources
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), is one of



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







-	, , , , ,  or  for frequency range 2.
-	where the first symbol location in a slot is indicated by firstOFDMSymbolInTimeDomain in the TRS-ResourceSet and the second symbol location in a slot is firstOFDMSymbolInTimeDomain + 4

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211].
-	the bandwidth and the frequency location of the NZP CSI-RS resource, is given by the higher layer parameter nrofRBs, startingRB and frequencyDomainAllocation in a TRS-ResourceSet and applies to all resources in a TRS-ResourceSet. Bandwidth, nrofRBs, and the initial CRB index, startingRB, of the NZP CSI-RS resource configured by TRS-ResourceSet are not restricted by initial DL BWP.
-	UE is not required to receive TRS occasions outside the initial DL BWP.


-	the periodicity for periodic NZP CSI-RS resources, is given by the higher layer parameter periodicityAndOffset configured by a TRS-ResourceSet, is one of slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [4, TS 38.211], applies to all resources in a TRS-ResourceSet. The slot offset given by the higher layer parameter periodicityAndOffset configured by a TRS-ResourceSet provides the location of the first slot containing the periodic NZP CSI-RS resources configured by by a TRS-ResourceSet.

-	the UE does not expect the TRS-ResourceSet to be configured with the periodicity of  slots if the bandwidth of NZP CSI-RS resource is larger than 52 resource blocks.
[bookmark: _Hlk86149805]-	the UE may assume the sub-carrier spacing of the NZP CSI-RS resources configured by TRS-ResourceSet to be same as the sub-carrier spacing of the initial DL BWP.
[bookmark: _Hlk86149878]-	powerControlOffsetSS given by a TRS-ResourceSet applies to all resources in a TRS-ResourceSet.
-	the QCL information for periodic NZP CSI-RS resources, is given by the higher layer parameter ssb-Index configured by a TRS-ResourceSet, is a SS/PBCH block, applies to all resources in a TRS-ResourceSet.
-	One or more scrambling IDs according to scramblingID-Info where if a single scramblingIDforCommon is configured, it applies to all NZP-CSI-RS resources in the resource set, otherwise, each NZP-CSI-RS resource is provided with a scrambling IDs according to scramblingIDperResourceListWith2 or scramblingIDperResourceListWith4.
-	the UE may assume the following quasi co-location type(s):
-	'typeC' with an SS/PBCH block and, when applicable, 'typeD' with the same SS/PBCH block.
For each TRS-ResourceSet the index of the associated bit in TRS availability indication field [5, TS 38.212], is given by the higher layer parameter indBitID.
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