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Introduction
RAN1#104b and #105 there has been good progress with Idle TRS design, agreements are summarized in Appendix.

In this contribution, we focus on two aspects of design 
· How to validate Idle TRS
· Reduction of configuration overhead
Validation of a periodic iTRS occasions
	Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Agreement:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling




To further progress with the design, it is necessary to agree on the following points
· Max size of the DCI field
· What is the validation period
· Which TRS resources / resource sets are indicated. 

In our opinion validation period would be sufficient to configure and does not require dynamic indication. Such period could be configured in subframes/frames, would be SCS agnostic, and would be configured by gNB to be larger than UEs (e)DRX cycle. In principle, for a UE, it would be sufficient to know whether one TRS before its next PO is validated or not. However, different UEs may have different (e)DRX cycles and thus this approach would be to complex. Therefore, to us it seems a better solution to have validation period, and gNB setting the period. It could be even beneficial to have different period for different groups of UEs. This could be considered.

When it comes to indication of which TRS resources are to be triggered, as previously mentioned, it would be sufficient to trigger all TRS for all transmitted SSB beams, especially if Idle TRS burst is defined. However, if network vendors see benefit in triggering separate groups we suggest that codepoint are configured, each codepoint toggles one or more TRS resources or resource-sets. For example, one code-point may trigger all resource sets, while the other code-point only a subset. 

Proposal-1: A gNB may configure X codepoints, up to [8], each codepoint indicating validity/invalidity for subset of configured iTRS resource sets. 
· validity/invalidity is indicated for a pre-configured period of time (e.g. 10s) from the time of indication. 
· FFS: different validity/invalidity periods for different UE groups
· DCI field is present in Paging Early indication PDCCH (if configured), otherwise in Paging DCI.  

Configuration of iTRS
On set of configurable parameters
Feature lead summarized all the parameters for connected CSI-RS configuration. After RAN1#105 it seems that applicable RRC parameters has been finalized. This is summarized below
	#
	Parameters
	Need and details
	Overhead

	1
	bwp-Id
	Idle TRS agreed not to be part of any BWP
	0

	2
	resourceType 
{aperiodic, semiPersistant, periodic}
	Field is not needed, as only periodic TRS are supported based on previous agreements.
	0

	3
	repetition {on, off}
	Not applicable to TRS
	0

	4
	aperiodicTriggeringOffset
	Field not needed, as only periodic TRS are supported
	0

	5
	trs-Info {true}
	Not applicable to TRS
	0

	7
	powerControlOffset
	Not applicable to TRS
	0

	8
	powerControlOffsetSS
	Agreed {-3, 0, 3, 6}
	2

	9
	scramblingID
	Agreed 0..1023
	10

	10
	periodicityAndOffset
	Agreed: {10, 20, 40, 80}ms + offsets
max for 120kHz SCS, this means 
640+320+160+80=1200 entries

	11 

	11
	qcl-InfoPeriodicCSI-RS
	Agreed: 0..63
	6

	12
	frequencyDomainAllocation
{row1, row2, row4, others}
	Agreed: {0,1,2,3}
	2

	13
	nrofPorts
	Not applicable to TRS
	0

	14
	firstOFDMSymbolInTimeDomain
	Agreed: 0-9 
	4

	15
	firstOFDMSymbolInTimeDomain2
	Not applicable to TRS
	0

	16
	cdm-Type
	Not applicable to TRS
	0

	17
	density
	Not applicable to TRS
	0

	18
	startingRB
	Agreed: 0 to 274
	9

	19
	nrofRBs
	Agreed: 24 to 276
	8

	20
	subcarrierSpacing (this is not part of CSI-RS resource configuration)
	RAN1 agreed that SCS is the one of CORESET#0
	0 

	21
	Others. (please provide any missing/additional parameters)
	
	0

	
	
	Total
	Total 52bits 


Observation-1: The overhead per Idle TRS resource is 52bits
On reduction of configuration and system overhead 
It turns out that configuring resources for 16beams results in overhead of 864bits and even if separate SIBx would be used to carry such information overhead is large already for 16beams. Therefore, we suggest to discuss which of above parameters could be common among different beam’s, i.e. between multiple NZP-CSI-RS resources. 
In our opinion the following are good candidates, being the most hungry fields: 
· Scrambling-ID (10bits): used to randomize between cells and can be the same for all beams of Idle TRS 
· powerControlOffsetSS (9bits): could be common for all the beams
· starting RB and size (8bits): could be common for all the beams. 
Proposal-1: Scrambling ID, power offset to SSB and start RB and size can be common for all resources of idle TRS.
This reducing overhead to half. The rest of the parameters could be configured to be different or same. Alternatively, pattern could be configured by frequency positions, used symbols and transmitted beams are mapped to the pattern. For example for 4 transmitted beams gNB could configure 
· Bitmap frequencyDomainAllocation = 0101 ()
· Bitmap firstOFDMSymbolInTimeDomain = 000000011
· periodicityAndOffset  is the same for all beams 
· SSBs are mapped to TRS e.g. frequency-first time second, as shown in Figure 1

[image: ]
Figure 1 TRS pattern

This could reduce resource-specific overhead to 0 bits. If there is less positions in slot than transmitted beams, pattern could repeat over contiguous slots. 
Proposal-2: Consider configuring predefined TRS pattern to reduce CSI-RS resource-specific overhead to zero bits. 
While agreed TRS periodicities are 20,40,80,160ms. SSB periodicity would be typically 20ms, which is default periodicity assumption for SSB bursts. On one side gNB would prefer to configure large periodicity such as 40,80ms to reduce overhead. On the other hand, if periodicity of TRS large, this results in unnecessary increased power consumption for the Idle UE. For example, if TRS happen to be e.g. 60ms before paging frame, UE would not benefit from such TRS, since it would need to wake-up from deep sleep at least three SSBs before PO. Therefore, for the case when TRS periodicity is larger than SSB periodicity, RAN1 should consider enabling shift/delay PF from its nominal position (PO R15) to one frame after TRS (PO R17) as shown in Figure 2. This would increase the size of paging groups and group paging rate, but such increased paging rate could be reduced by means of R17 sub-grouping. On the other hand, increased paging rate can also be reduced by shifting/delaying PF of a UE farther away from TRS position if its nominal PF position is right after TRS and the UE is known to be stationary and having good coverage so that it does not need TRS for resynchronization. 

[image: ]
Figure 2 Delaying Paging frame after TRS 
Observation-2: When TRS periodicity is larger than SSB periodicity, UEs with TRS long ahead of PF nominal location will have unnecessarily large power consumption.  
Proposal-3: For the case when TRS periodicity is larger than SSB cycle, consider delaying UE’s PF from nominal position to frame after TRS, in order to facilitate power saving.  
Conclusions 
In this contribution we discussed iTRS design and we had the following observations and proposals: 
Proposal-1: A gNB may configure X codepoints, up to [8], each codepoint indicating validity/invalidity for subset of configured iTRS resource sets. 
· validity/invalidity is indicated for a pre-configured period of time (e.g. 10s) from the time of indication. 
· FFS: different validity/invalidity periods for different UE groups
· DCI field is present in Paging Early indication PDCCH (if configured), otherwise in Paging DCI.  
Observation-1: The overhead per Idle TRS resource is 52bits
Proposal-1: Scrambling ID, power offset to SSB and start RB and size can be common for all resources of idle TRS.
Proposal-2: Consider configuring predefined TRS pattern to reduce CSI-RS resource-specific overhead to zero bits
Observation-2: When TRS periodicity is larger than SSB periodicity, UEs with TRS long ahead of PF nominal location will have unnecessarily large power consumption.  
Proposal-3: For the case when TRS periodicity is larger than SSB cycle, consider delaying UE’s PF from nominal position to frame after TRS, in order to facilitate power saving.  
Appendix
Agreement:
Confirm the following working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signalling
 Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability/unavailability information for configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources 
· FFS maximum number of configured RS resources per physical layer availability indication to support.
· FFS whether availability/unavailability information is for all or some of configured RS resources
 Agreement:
Support applicable values for the following configuration parameters as below.
· powerControlOffsetSS: {-3, 0, 3, 6}dB
· scramblingID: 0 to 1023
· firstOFDMSymbolInTimeDomain: 0 to 9 
· firstOFDMSymbolInTimeDomain indicates first symbol in a slot, a second symbol in the same slot can be derived implicitly with symbol index as firstOFDMSymbolInTimeDomain+4
· startingRB: 0 to 274
· nrofRBs: 24 to 276
 Agreement:
The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index in range of 0 to 63.
· FFS: how the QCL information can be configured, e.g. per RS resource set or per configuration
· FFS: QCL type, which is predetermined
Working assumption:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
1. FFS whether and how to enable/disable L1 based availability indication configurable by SIB

Agreement:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include:
· periodicityAndOffset {10, 20, 40, 80} ms
· frequencyDomainAllocation for row1 with applicable values from {0, 1, 2, 3} to indicate the offset of the first RE to RE#0 in a RB
· FFS Configuration index
· details, 
· E.g. Per resource or resource set or group of resource sets
· E.g. explicit or implicit indication based on QCL source 

Agreement:
Further study supporting SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs at least based on the presence/absence of the configuration of the TRS/CSI-RS occasion in SIB_X in case L1 based availability indication is not configured.
· FFS whether and how SIB based signaling and L1 based signaling can be configured simultaneously

Final summary in R1-2106117
Agreement:
SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is same as SCS of CORESET#0.
Agreement:
Support higher layer configuration of the QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs.
· FFS details of the QCL information, e.g. associated SSB index
Agreement:
IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
· Configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted by initial BWP. 
Working assumption:
Support at least L1 based signaling for the availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs.
· FFS details, including paging DCI and/or PEI for L1 based signaling
· FFS SIB-based signaling/configuration
· Note: It is RAN1 understanding that existing SI update procedure is used for SIB based signaling
Agreement:
Configuration for TRS/CSI-RS occasion(s) for idle/inactive UEs is based on periodic TRS only, including following limitations
· Configuration parameters that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· Applicable values that are necessary to provide configuration of periodic TRS for idle/inactive UEs
· If the configuration is provided, idle/inactive UEs can always implicitly assume that trs-info is configured. 
· The parameter trs-info does not need to be provided in the configuration
Agreement:
For the information provided by a physical layer availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, one or more alternatives from the following can be supported:
· Alt1: Availability/unavailability information for all or some of configured RS resources using a bitmap or codepoint
· e.g. using bitmap, where each bit from a bitmap or a codepoint is associated with at least one resource/configuration or a set/group of resources
· e.g. a codepoint to indicate a state of availability/unavailability for all or some of configured RS resources  
· Alt2: value or codepoint to indicate one or more resource/configuration indices that correspond to the available RS resources
· FFS whether and how to indicate the ‘availability’ in beam selective manner.
· Other alternatives are not precluded
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