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Introduction
In the 3GPP TSG RAN1#106b-e meeting [1], agreements about TRS for idle/inactive state UE were reached as follows.
	Conclusion
No consensus to support SIB based signaling for availability information of TRS/CSI-RS occasions for idle/inactive UEs
Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 
Agreement
For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability information for configured RS resources using a bitmap. where each bit indicates whether associated TRS resource(s) are available.
· support L1 availability indication at an occasion can provide availability information RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
· FFS associated TRS resource(s) per bit, e.g. a bit is associated with a TRS resource set
· Bitmap size is up to X bits
· X = [6] for paging PDCCH based L1 availability indication.
· FFS X for PEI DCI based L1 availability indication
· FFS details about how to configure the DCI field: e.g. start and length of bitmap (e.g. explicitly/implicitly configured)
· for paging PDCCH based L1 availability indication, support L1 availability indication at an occasion can provide availability information for all configured RS resources
· FFS whether this needs to be supported regardless of the number of beams or for some configured RS resources
· FFS: PEI DCI provides L1 availability indication information only for RS resources with QCL references to be the same as for the L1 availability indication occasion
· FFS: indication of unavailability
Agreement
At least for paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the L1 availability indication is valid for a time duration starting from a reference point, where
· the time duration is a validity duration configured by higher layer,
· FFS applicable values, e.g. # of DRX cycles, or multiple of default paging cycle duration (i.e. modification period)
· FFS UE doesn’t expect inconsistent L1 based indication during the time duration
· the reference point for start of the validity duration is one of the following alternatives:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network
· Alt3: default time duration e.g. default paging cycle
· FFS whether and how to handle the miss detection issue of L1 signaling

Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
  a QCL reference
  firstOFDMSymbolInTimeDomain,
  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
  FFS
        scramblingID,
        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.


In this contribution, more details about TRS provided to UEs in RRC idle/inactive state are discussed.

Availability indication


Indication content
In RAN1#106b-e, the following was agreed regarding how to indicate availability / unavailability information of the TRS resources.
	Agreement:
For L1 based availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, support availability information for configured RS resources using a bitmap. where each bit indicates whether associated TRS resource(s) are available.
· support L1 availability indication at an occasion can provide availability information RS resources with QCL references not confined to be the same as for the L1 availability indication occasion
· FFS associated TRS resource(s) per bit, e.g. a bit is associated with a TRS resource set
· Bitmap size is up to X bits
· X = [6] for paging PDCCH based L1 availability indication.
· FFS X for PEI DCI based L1 availability indication
· FFS details about how to configure the DCI field: e.g. start and length of bitmap (e.g. explicitly/implicitly configured)
· for paging PDCCH based L1 availability indication, support L1 availability indication at an occasion can provide availability information for all configured RS resources
· FFS whether this needs to be supported regardless of the number of beams or for some configured RS resources
· FFS: PEI DCI provides L1 availability indication information only for RS resources with QCL references to be the same as for the L1 availability indication occasion
· FFS: indication of unavailability



According to the agreements in RAN1#106bis-e, each TRS resource set is associated with a common parameter of QCL reference. If each bit in the bitmap is associated with a TRS resource, up to 64 bits are needed to indicate the availability indication for FR2 with 64 beams. To reduce the DCI signaling overhead and guarantee the detection performance of paging DCI, it is suggested that each bit can be used to indicate availability information for TRS resource set group which comprises one or more TRS resource sets.
[bookmark: _Toc87032458]The TRS/CSI-RS sets with different QCL references should be further grouped to reduce the signaling overhead of L1 availability indication.
[bookmark: _Toc87032459]Each bit in the bitmap is associated with one or more TRS resource sets.
As to the information field in paging DCI, there 6 and 8 reserved bits for licensed and unlicensed spectrum, respectively. In addition, other resource allocation fields, including frequency/time domain resource assignment, etc. are also reserved if only short message is carried. However, to make sure that the scheduling information of paging message and TRS availability indication can be conveyed in the same DCI to avoid unnecessary signaling overhead, it is reasonable to carry TRS availability indication via the reserved bits in paging DCI. 
[bookmark: _Toc87032460]The reserved bits in paging DCI are used for TRS availability indication. The bitmap size can be up to 6 bits.
For PDCCH based PEI, according to the guidance from RAN#93 [2], the same design principle should be applied to both paging PDCCH and PEI. Hence, it is straightforward that the same TRS availability indication mechanism should be applied to DCI based PEI. Furthermore, the bit size and indication content should be the same in PEI and paging DCI to make sure the information conveyed to UEs is consistent even different L1 signaling is detected. 
[bookmark: _Toc87032461]The TRS availability indication mechanism, bit size, and indication content for paging PDCCH and PEI should be the same.
According to the agreements in previous meeting (RAN1#104-e), UE will assume the TRS resources are unavailable if availability information is not detected. Therefore, it is a tradeoff between gNB resource overhead and UE power saving to indicate L1 TRS availability information for all the TRS resources (i.e., regardless of the number of beams).
[bookmark: _Toc87032462]All the TRS resources should be indicated with L1 TRS availability information regardless of the number of beams.
In RAN1#106b-e, the following working assumption was reached. To reduce signaling overhead, there is no need to configure an extra parameter to indicate whether the L1 based indication is enabled or not.
	Working Assumption
If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.



[bookmark: _Toc87032463]Confirm the following working assumption
[bookmark: _Toc87032464]If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
As to the length of bitmap in paging DCI and PEI, we think it can be determined by the number of TRS resource sets/groups. For the start of the bitmap, it depends on the bit size of the previous information field in the same DCI. Hence, the length and start of the TRS availability indication can be implicitly derived and there is no need to introduce dedicated parameters. 
[bookmark: _Toc87032465]The length and start of the TRS availability indication can be implicitly derived and there is no need to introduce dedicated parameters. 
The TRS resource is shared from UE under RRC connected state, gNB should be allowed to turn it off dynamically to save network energy when there is no RRC connected state UE in the cell. As a result, it needs to indicate unavailability for TRS resource in this case. 
[bookmark: _Toc87032466][bookmark: _Ref85739099]Indication of unavailability for TRS resource is needed to save network energy and resource overhead.
Valid time duration and reference point
In RAN1#106b-e meeting, agreement about valid time duration and the corresponding reference point were reached as below. Herein more details are discussed.
	Agreement
At least for paging PDCCH based L1 availability indication of TRS/CSI-RS at the configured occasion(s) to the idle/inactive UEs, the L1 availability indication is valid for a time duration starting from a reference point, where
· the time duration is a validity duration configured by higher layer,
· FFS applicable values, e.g. # of DRX cycles, or multiple of default paging cycle duration (i.e. modification period)
· FFS UE doesn’t expect inconsistent L1 based indication during the time duration
· the reference point for start of the validity duration is one of the following alternatives:
· Alt1: SFN of the first PF from the next DRX cycle
· Alt2: SFN of the first PF from the current DRX cycle where UE receives the indication
· Alt3: based on SFN configured by higher layer, i.e. modification period configured as multiple of default paging cycle duration
· Alt4: start of the PF for the PO where UE receives the indication
· Note: the DRX cycle in Alt1 and Alt2 is the default paging cycle broadcast in SIB
· Note: The SFN for the first PF is for (UE mod N) = 0, and can be calculated by (SFN + PF_offset) mod T = 0
· the time duration can be optionally configured by gNB
· when the time duration is not configured, one of the following alternatives can be considered:
· Alt1: the availability indication is valid until when the UE receives another availability indication.
· Alt2: the availability indication is valid until L1 availability indication is changed by network
· Alt3: default time duration e.g. default paging cycle
· FFS whether and how to handle the miss detection issue of L1 signaling



As to the start of the valid time depends on information carried by the paging DCI/PEI and both of them are broadcast information, the valid time may result into an always-on TRS without a proper design as it is shown in Figure 1. For example, according to the availability indication transmitted in the first paging cycle, the TRS resources will be available for the next X paging cycles. As the paging DCI is not aimed to one particular UE, network may need to indicate scheduling resources for the paged UE in the second paging cycle. In this case, the valid time duration will be extended till the next X paging cycles starting from the second cycle. Hence, network cannot cease TRS transmission since the valid time duration will be restarted as long as the L1 based signaling is transmitted during the on-going valid time duration. 
[image: ]
Figure 1   Dynamic sliding of valid time
To resolve this issue, a simple and straightforward way is to use the L1 signaling for both availability and unavailability indication. Network has the flexibility to indicate the TRS resource as unavailable when e.g., there is no RRC connected UE in the cell. Moreover, it is understood that the motivation of introduction of TRS valid time is to reduce network resource overhead and energy. However, it is infeasible for network to predict how long the TRS resources will be transmitted for the RRC connected UE. Therefore, it should provide network with the flexibility to dynamically indicate the TRS resources as unavailable/ available, i.e. the availability indication is valid when UE receives another availability indication. It requires the unavailability indication can be carried by the availability information discussed above.
[bookmark: _Toc87032468]When the time duration is not configured, the availability indication is valid when UE receives another availability indication.
Another solution to address the issue illustrated in Figure 1 is using a modification period similar with SI change mechanism. As shown in Figure 2, the availability indication transmitted in the first modification period are not valid until the second modification period starts, where the modification periods are common to all the UEs. While in the second modification period, the L1 signaling can indicate unavailability indication/availability indication which doesn’t either contradict with the availability of TRS resource in the current modification period, or unexpected extend the valid time duration. 
[image: ]
Figure 2   Modification period for TRS availability indication
[bookmark: _Toc87032469]The modification period can be used to determine the valid time for TRS resource, where the time duration is multiple paging cycles, and the reference time for the start of the validity duration is based on the SFN configured by higher layer.

[bookmark: _Ref68083116]Detailed configuration
In RAN1#106b-e meeting, some parameters of TRS for UE in RRC Idle/Inactive state were agreed as follows. However, other parameters need further discussion. 
Moreover, as the parameters of TRS occasions are configured by SIB and the maximum payload size of SIB is limited to 2976 bits. 
	Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
  a QCL reference
  firstOFDMSymbolInTimeDomain,
  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
  FFS
        scramblingID,
        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.


If two neighboring cells apply the same scrambling ID on the same REs, the TRS in these two cells might interfere each other. Hence, the scrambling ID should be different among different TRS resources to mitigate interference. As the information such as symbol location has already been considered in initial seed cinit according to the TRS sequence generation in TS38.211, the scrambling ID can be a parameter common to the resource set.
[bookmark: _Toc87032563][bookmark: _Toc78][bookmark: _Toc20901][bookmark: _Toc26136][bookmark: _Toc3580][bookmark: _Toc17829]The configuration of scrambling ID is needed to mitigate interference. 
[bookmark: _Toc87032470]The scramblingID can be configured as a common parameter per resource set.
According to current TS38.214 CR in [3] which is copied as follows, for FR2, the configured TRS resource set can be in one slot or two consecutive slots. Since the parameters in time domain of TRS resource, such as periodicityAndOffset, are configured per resource set according to the agreements, the parameter “number of slots” is needed as a common parameter to distinguish the TRS resource sets with one or two slots in FR2. Hence, we have the following proposal.
[bookmark: _Toc87032471]The number of slot of TRS/CSI-RS occasion(s) should be configured as a common parameter common in TRS resource set.
	TS38.214 CR.
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. 
-	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. 



The number of bits for TRS resource configuration are provided in Table 1, wherein it is assumed that the scramble ID and number of slots are per resource set, TRS resource set ID is included to distinguish the TRS resource set. It can be seen from the table that if the maximum number of resource set is assumed to be 64, the total signaling overhead is 3456 and 3840 bits, respectively, which are larger than the SIB limitation (i.e., 2976 bits). 
[bookmark: _Toc87032564][bookmark: _Toc87032455][bookmark: _Toc87032565][bookmark: _Toc87032566][bookmark: _Toc87032567]For FR2, there are at most 49 TRS resource sets with 49 different beams can be configured by one SIB message (less than 64 beams).
[bookmark: _Toc87021840]
Table 1   Number of bits for TRS configuration
	Parameters
	Number of bits required for FR 1 (Z=8 beams at most)
	Number of bits required for FR 2 (Z=64 beams at most)

	a QCL reference
	3
	6

	firstOFDMSymbolInTimeDomain (in range of 0,1,2, ... , 9)
	4
	4

	frequencyDomainAllocation for row1 (in range of 0,1,2,3)
	2
	2

	startingRB
	9
	9

	nrofRBs
	9
	9

	powerControlOffsetSS (with 4 value)
	2
	2

	periodicityAndOffset (at most 80ms, 60 kHz SCS at most for FR1, i.e., 320 slots, 120 kHz SCS at most for FR2, i.e., 640 slots)
	9
	10

	Total for common parameters
	Y=38
	Y=43

	scramblingID (if agreed as a common parameter)
	U=10
	U=10

	a TRS resource set ID (if agreed as a common parameter)
	V=6 (for maxNrofNZP-CSI-RS-ResourceSets = 64)
	V=6 (for maxNrofNZP-CSI-RS-ResourceSets = 64)

	number of slots {1, 2} or number of symbols {2, 4} if supported (if agreed as a common parameter)
	W=0
	W=1

	Total for a TRS resource set
	T=Y+U+V+W= 54
	T=Y+U+V+W= 60

	Total number of bits for X= maxNrofNZP-CSI-RS-ResourceSets =64 TRS resource sets
	S=X*T= 3456
	S=X*T= 3840




Conclusion
[bookmark: _GoBack]In this contribution, we discuss the power saving enhancement schemes for TRS. We have the following observations and proposals.
Observation 1:	The configuration of scrambling ID is needed to mitigate interference.
Observation 2:	For FR2, there are at most 49 TRS resource sets with 49 different beams can be configured by one SIB message (less than 64 beams).

Proposal 1:	The TRS/CSI-RS sets with different QCL references should be further grouped to reduce the signaling overhead of L1 availability indication.
Proposal 2:	Each bit in the bitmap is associated with one or more TRS resource sets.
Proposal 3:	The reserved bits in paging DCI are used for TRS availability indication. The bitmap size can be up to 6 bits.
Proposal 4:	The TRS availability indication mechanism, bit size, and indication content for paging PDCCH and PEI should be the same.
Proposal 5:	All the TRS resources should be indicated with L1 TRS availability information regardless of the number of beams.
Proposal 6:	Confirm the following working assumption
      If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
Proposal 7:	The length and start of the TRS availability indication can be implicitly derived and there is no need to introduce dedicated parameters.
Proposal 8:	Indication of unavailability for TRS resource is needed to save network energy and resource overhead.
Proposal 9:	When the time duration is not configured, the availability indication is valid when UE receives another availability indication.
Proposal 10:	The modification period can be used to determine the valid time for TRS resource, where the time duration is multiple paging cycles, and the reference time for the start of the validity duration is based on the SFN configured by higher layer.
Proposal 11:	The scramblingID can be configured as a common parameter per resource set.
Proposal 12:	The number of slot of TRS/CSI-RS occasion(s) should be configured as a common parameter common in TRS resource set.
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