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Introduction
In the RAN #88e meeting, Rel-17 power saving enhancements WID has identified potential TRS/CSI-RS occasions as one of the major areas for RAN1 work [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
…
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
…


In this contribution, we will discuss remaining issues for TRS/CSI-RS for idle/inactive UE power saving enhancements.
Idle/Inactive TRS Design
It has been agreed that Rel-17 adopts periodic TRS to facilitate UE idle/inactive mode power saving. In this paper, we will continue analyzing remaining issues for TRS configuration and TRS availability information and provide our solutions accordingly.
Enabling of L1 TRS Availability Indication
In RAN1 #106-bis-e, companies discussed the enabling and disabling of L1 TRS availability indication. This discussion was also related to the support of SIB based availability information. There are different combinations of the L1 based and SIB based indications. Eventually no consensus was achieved for the SIB based availability information. A working assumption was made such that if any TRS resource is configured the L1 based availability indication signaling is always enabled [2].
	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. 



[bookmark: p1]Proposal 1: Confirm the following working assumption 
· If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.

Content of L1 TRS Availability Indication
The following agreement was made in RAN1 #106-bis-e for the content of the L1 based TRS availability indication [2]. For paging PDCCH based availability indication, the design is almost complete. For PEI based availability indication, some major design aspects are still pending including the association between the PEI and the QCL of the indicated TRS resources and number of bits for the availability information. 
	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 RAN #93 conclusion, RAN1 should strive to align the TRS availability indication design between the paging PDCCH based solution and the PEI based solution [3]. Our understanding of the “same mechanism/principle for TRS availability indication” includes to use the same number of bits in the DCI to indicate availability for the same set of TRS resources based on the same resolution of TRS resources (e.g., resource, resource set, or group of resource sets). Otherwise, Rel-17 should only support the paging PDCCH based TRS availability indication design. 
	Conclusion for Issue 1.
· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI



[bookmark: o1]Observation 1: According to the RAN #93 conclusion, RAN1 should strive to align the TRS availability indication design between the paging PDCCH based solution and the PEI based solution.
[bookmark: p2]Proposal 2: For PEI based TRS availability indication, RAN1 adopt one of the following two options
· Option 1: PEI based TRS availability indication is not supported. Only paging PDCCH based TRS availability indication is adopted
· Option 2: PEI based TRS availability indication and paging PDCCH based TRS availability indication use the same number of bits in the DCI format to indicate availability for the same set of TRS resources based on the same resolution of TRS resources (e.g., one bit per resource, resource set, or group of resource sets).

Based on this proposal, the L1 availability indication information provided by PEI should not be restricted to RS resources with QCL references to be the same as for the L1 availability indication occasion (see “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”). This ensures the same mechanism and principle for TRS availability indication for both paging PDCCH and PEI. This is also beneficial for idle and inactive UE beam management. Without the restriction of the FFS, the UE can receive the TRS on a beam not limited to the beam actively tracked by the UE, update tracking loops and switch to the new beam if it is better. This allows the UE to receive the L1 availability based on the updated tracking loops by both SSB and TRS on the new beam. Otherwise, beam management is still only based on SSB. The restriction of the FFS can provide more information bits for finer granularity indication, but we do not think the benefit is essential given that PEI is an optional feature for idle and inactive mode UEs. Besides, it causes more design problems for UEs that support PEI, e.g., how to interpret availability indication from both PEI and paging PDCCH when UE is paged. 
[bookmark: p3]Proposal 3: L1 availability indication information provided by PEI is not restricted to RS resources with QCL references to be the same as for the L1 availability indication occasion.
Regarding the mapping of bits of the TRS availability signal and configured TRS resources, the following two FFSs from the agreement are relevant. 
	· FFS associated TRS resource(s) per bit, e.g. a bit is associated with a TRS resource set
· FFS whether this needs to be supported regardless of the number of beams or for some configured RS resources



Another related agreement in RAN1 #106-bis-e is TRS resources of the TRS resource set share the same QCL reference. The number of information bits available for TRS availability is limited by the maximum number of reserved bits of the paging PDCCH (i.e., 6). Then if the number of transmitted SSBs in the cell is larger than 6, there is not enough bits to indicate at least 1 TRS resource for each beam. This significantly restricts the usage of idle/inactive mode TRS especially for FR2. To avoid this problem, it is necessary to further group the configured TRS resource sets or define default availability for configured TRS resources that cannot be indicated by the L1 TRS availability signal.

	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.



[bookmark: p4]Proposal 4: If the number of configured TRS sets is larger than the number of bits (i.e., 6) in the L1 TRS availability indication signal, adopt one of the following two options
· Option 1: Network configures groups of TRS resource sets and use one bit in the DCI format for each group of TRS resource sets
· Option 2: For TRS resource sets that are not indicated by the L1 TRS availability indication signal, UE expects TRS resources of these TRS resource sets are always available.

Validity Duration for L1 TRS Availability Indication
In RAN1 #106-bis-e, it was agreed that the validity duration for the L1 availability indication is configured by network. One question captured by FFS is whether UE would expect inconsistent L1 based indication during the validity duration. Our understanding is the L1 based indication should be consistent during the time duration. First, it should be clarified that this validity duration is the time duration when the “availability information” is valid but not the duration when “L1 availability indication is enabled” because there is always an agreement saying as long as TRS resource is configured, the L1 availability indication is always enabled. We think the network configuration for validity duration is meaningful only if the L1 based indication is consistent. Otherwise, there is no need to define the validity duration at all.
[bookmark: o2]Observation 2: The validity duration for the L1 based TRS availability indication is the time duration when the availability information is valid but not the duration when L1 based TRS availability indication is enabled. It is only meaningful for network to configure the validity duration if consistent availability information is provided during the validity duration.
Based on this, we should confirm the FFS or revert the agreement for validity duration configured by higher layer.
[bookmark: p5]Proposal 5: Confirm the FFS “UE doesn’t expect inconsistent L1 based indication during the time duration”. Otherwise, revert the agreement “the time duration is a validity duration configured by higher layer”.
	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



Although the L1 indication is a UE group specific signaling (i.e., paging PDCCH or PEI) for UEs associated with the same PO, there should be only one truth whether a configured TRS is transmitted or not for UEs over all POs in the paging cycle. Since a UE only receives the L1 indication around its own PO in a paging cycle, all UEs should have the same understanding in whether a TRS is transmitted during the entire paging cycle. Besides, a UE should have the same understanding in whether a TRS is transmitted no matter it decides to receive the PEI based availability indication or not for PO. Then all L1 availability indication signaling in the same paging cycle for same or different UEs should indicate the same availability information.
In Figure 1, suppose UE A receives a L1 indication signaling indicating that the configured TRS resource is available. Later, a UE B receives a second L1 indication signaling indicating that the same TRS resource is unavailable. In this example, there is no way for the network to tell UE A that the TRS resource is not available before its PO in the next paging cycle. Then UE A will continue assuming the TRS resource is still transmitted and end up using noise to update its tracking loops. To avoid this problem, network needs to guarantee the consistence of TRS resource availability information within each paging cycle.
[bookmark: o3]Observation 3: All UEs should have the same understanding in whether a TRS is transmitted during the paging cycle. All L1 availability indication signaling in the same paging cycle for same or different UEs should indicate the same availability information for the configured TRS resource.
Based on this observation, it is straightforward to draw the conclusion that the resolution of validity duration for L1 based TRS availability indication should be a paging cycle.


[bookmark: _Ref86936218]Figure 1: TRS availability indication within paging cycle

For the validity duration, the timer-based mechanism won’t work if the timer is reset when a new indication is received. This is shown by the example in Figure 2 where the validity duration is restarted whenever the UE receives another L1 based indication signaling before the validity duration expires. Strictly speaking, this problem can be avoided if network only transmits the L1 based indication signaling in one paging cycle for each validity duration. However, network does need to transmit the L1 based indication signaling more frequently (i.e., in more than one paging cycles for validity duration) so that UEs newly camped on the cell can quickly receive the L1 based indication signaling and start to receive the TRS.
[bookmark: o4]Observation 4: The timer-based validity duration reset for L1 based TRS availability indication has the problem that network cannot change the availability information for a configured TRS resource if the availability information is transmitted more than once (i.e., in more than one paging cycles) for a UE before the validity duration expires.
[bookmark: p6]Proposal 6: Do not support timer-based validity duration reset for L1 based TRS availability indication.


[bookmark: _Ref86936406]Figure 2: Timer-based validity duration reset for TRS availability indication

Regarding reference time of the validity time, we noticed that there are two understandings during RAN1 discussions. The first understanding is that the reference time is the starting time of a duration when UE assumes consistence of availability information from L1 based TRS availability indication signaling. The second signaling is that the reference time is the starting time that UE can apply the received availability information to receive available TRS resources. It is necessary to clarify which understanding should be used before further discussion on the reference time. Besides, there should be a gap at least equal to a paging cycle between time instances of the two understandings to guarantee the causality of the L1 availability indication mechanism.
[bookmark: p7]Proposal 7: Regarding reference time for the validity duration, clarify which understanding should be assumed 
· Understanding 1: the reference time is the starting time of a duration when UE expects consistence of availability information received from the L1 based indication signaling
· Understanding 2: the reference time is the starting time when UE can apply the received availability information to receive available TRS resources
· Note: there should be an application delay of at least one paging cycle between the two instances so that causality is ensured for the L1 based availability signaling, i.e., a UE uses the received L1 based indication to determine whether TRS resource is available or not on future TRS occasions.
[bookmark: p8]Proposal 8: Define application delay for the L1 based TRS availability indication signaling. The application delay has a paging cycle level resolution with the minimum delay value equal to a paging cycle.

[image: ]
Figure 3: Different understandings of the reference time for validity duration

Among the 4 alternatives for the reference time, Alt 1, 2, and 4 all imply timer-based mechanism with timer reset whenever a new signaling is received. Based on early discussion, this is problematic because network cannot switch between availably and unavailability for a configured TRS resource unless the L1 signaling is only transmitted within one paging cycle before the validity duration expires. Alt 3 does not have this problem. As a result, Alt 3 allows network to explicitly indicate unavailability for configured TRS resources in the L1 based availability indication signaling.
[bookmark: p9]Proposal 9: For the reference time of validity duration of the L1 TRS availability indication, adopt Alt 3 with the following updates:
· Reference point for start of the validity duration is based on SFN configured by network based on a periodicity and an offset. The periodicity has a resolution equal to one or multiple paging cycle. The offset is aligned with the start of a paging cycle.
· Note: then unavailability of the TRS resource can be indicated by value 0 of the corresponding bit in the DCI format.
Regarding the validity duration if it is not configured by network, we support Alt 3 for UE to use a default duration value. From UE implementation perspective, we prefer not to adopt two mechanisms for simplicity. Besides, RAN1 has spent efforts to make the network configured validity duration to work. Adopting another mechanism in RAN1 #107-e (the last meeting for Rel-17 WI) has risks to the timely completion of the WI. For example, some companies have concerns in PDCCH missed detection for Alt 1 and 2.
[bookmark: p10]Proposal 10: When the validity duration is not configured by network, a default value of the validity duration is used. 
Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for the idle/inactive mode UE. The following observations and proposals are made: 
Observation 1: According to the RAN #93 conclusion, RAN1 should strive to align the TRS availability indication design between the paging PDCCH based solution and the PEI based solution.
Observation 2: The validity duration for the L1 based TRS availability indication is the time duration when the availability information is valid but not the duration when L1 based TRS availability indication is enabled. It is only meaningful for network to configure the validity duration if consistent availability information is provided during the validity duration.
Observation 3: All UEs should have the same understanding in whether a TRS is transmitted during the paging cycle. All L1 availability indication signaling in the same paging cycle for same or different UEs should indicate the same availability information for the configured TRS resource.
Observation 4: The timer-based validity duration reset for L1 based TRS availability indication has the problem that network cannot change the availability information for a configured TRS resource if the availability information is transmitted more than once (i.e., in more than one paging cycles) for a UE before the validity duration expires.

Proposal 1: Confirm the following working assumption 
· If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.
Proposal 2: For PEI based TRS availability indication, RAN1 adopt one of the following two options
· Option 1: PEI based TRS availability indication is not supported. Only paging PDCCH based TRS availability indication is adopted
· Option 2: PEI based TRS availability indication and paging PDCCH based TRS availability indication use the same number of bits in the DCI format to indicate availability for the same set of TRS resources based on the same resolution of TRS resources (e.g., one bit per resource, resource set, or group of resource sets).
Proposal 3: L1 availability indication information provided by PEI is not restricted to RS resources with QCL references to be the same as for the L1 availability indication occasion.
Proposal 4: If the number of configured TRS sets is larger than the number of bits (i.e., 6) in the L1 TRS availability indication signal, adopt one of the following two options
· Option 1: Network configures groups of TRS resource sets and use one bit in the DCI format for each group of TRS resource sets
· Option 2: For TRS resource sets that are not indicated by the L1 TRS availability indication signal, UE expects TRS resources of these TRS resource sets are always available.
Proposal 5: Confirm the FFS “UE doesn’t expect inconsistent L1 based indication during the time duration”. Otherwise, revert the agreement “the time duration is a validity duration configured by higher layer”.
Proposal 6: Do not support timer-based validity duration reset for L1 based TRS availability indication.
Proposal 7: Regarding reference time for the validity duration, clarify which understanding should be assumed 
· Understanding 1: the reference time is the starting time of a duration when UE expects consistence of availability information received from the L1 based indication signaling
· Understanding 2: the reference time is the starting time when UE can apply the received availability information to receive available TRS resources
· Note: there should be an application delay of at least one paging cycle between the two instances so that causality is ensured for the L1 based availability signaling, i.e., a UE uses the received L1 based indication to determine whether TRS resource is available or not on future TRS occasions.
Proposal 8: Define application delay for the L1 based TRS availability indication signaling. The application delay has a paging cycle level resolution with the minimum delay value equal to a paging cycle.
Proposal 9: For the reference time of validity duration of the L1 TRS availability indication, adopt Alt 3 with the following updates:
· Reference point for start of the validity duration is based on SFN configured by network based on a periodicity and an offset. The periodicity has a resolution equal to one or multiple paging cycle. The offset is aligned with the start of a paging cycle.
· Note: then unavailability of the TRS resource can be indicated by value 0 of the corresponding bit in the DCI format.
Proposal 10: When the validity duration is not configured by network, a default value of the validity duration is used. 
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