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1. Introduction
In previous meetings, some agreements are made on TRS/CSI-RS for IDLE/inactive UEs[1]. In this contribution, we will discuss remaining issues on TRS/CSI-RS for idle and inactive UEs power saving.  
2. [bookmark: _Ref498564494]Availability indication for TRS resources
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2.1. Indication Content for L1 availability
For availability indication design, following agreements have been made in previous RAN1 meetings[1] and RAN plenary.
	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


For the working assumption ‘If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration.’. If the WA is confirmed, and if the network does not change the TRS for IDLE/INACTIVE UEs very frequently (e.g., the change only occurs when from day to night), in order to keep the TRS active for UEs, the network needs to send L1 indication frequently to IDLE UEs. It is a waste of network resources.  
In order to solve this, it should be flexible design to accommodate different scenarios such as,
· Case 1: the network does not frequently change TRS for IDLE/INACTIVE UEs (change frequency is in the level of hours/days)
· For this case, once the network configures the TRS resources for UEs by SIB, it is assumed that it is available for IDLE/INACTIVE UEs and SIB indicates to UEs that L1 availability indication is NOT applicable.
· Case 2: the network frequently changes TRS for IDLE/INACTIVE UEs (change frequency is in the level of seconds/minutes)
· For this case, once the network configures the TRS resources for UEs by SIB, SIB indicates to UEs that L1 availability indication is applicable and the TRS availability information is provided by L1.
[bookmark: PP1]Proposal 1: the network configures the TRS resources for UEs by SIB and
· TRS is available for IDLE/INACTIVE UEs when SIB indicates to UEs that L1 availability indication is NOT applicable
· TRS availability information is provided by L1when SIB indicates to UEs that L1 availability indication is applicable
For L1 availability indication, it was discussed whether L1 availability is provided in both PEI, if configured, and paging PDCCH, and whether the same information is provided in these two channels. In our understanding, the L1 availability should be provided at least in paging DCI to enable the indication for UEs not capable of receiving PEI. If PEI is configured, which is used to indicate whether UE is required to receiving paging PDCCH. It is not power efficient for UEs capable of PEI reception to still obtain L1 availability in paging PDCCH. Therefore, if L1 availability indication is enabled, it should be provided in both PEI (if configured) and paging DCI. Furthermore, the availability/unavailability information provided in paging DCI and PEI should be the same, to avoid duplicated work, and to avoid SIB to provide different grouping of TRS resource set for PEI and paging DCI, which would further increase SIB overhead.
[bookmark: PP2]Proposal 2:  If L1 availability indication is enabled, it should be provided in both PEI (if configured) and paging DCI.
· The paging DCI and PEI should provide the same availability/unavailability 
For L1 indication in paging PDCCH, 6 bits are reserved in DCI format 1-0 with P-RNTI. Hence, the availability provided by paging PDCCH should be limited within 6 bits. NW should properly group the TRS resources to ensure availability of all TRS can be provided in this bitmap. A group index can be provided along with the TRS resource configuration, and up to 6 groups can be supported. Each TRS resource can be configured with a group index, which is associated with one bit in the bitmap, and the availability/unavailability of the TRS can be derived from the associated bit in the DCI. If group index for TRS is not provided, UE can assume the TRS available once configured. For PEI based availability indication, the same number of bits for L1 availability indication to ensure the same availability/unavailability information is provided.
The bit field for the L1 availability can be right after bitfield ‘TB scaling’ in paging DCI, and right after ‘paging indication field’ in PEI. The bit field length is the number of groups configured for TRS resource set.
[bookmark: PP3]Proposal 3: The bit field length for L1 availability indication is the number of groups configured for TRS resource set. The number of bits for the bitfield is up to 6, and the location can be
· Right after bitfield ‘TB scaling’ in paging DCI, and
· Right after ‘paging indication field’ in PEI.
2.2. Validity time for L1 based TRS availability indication
In previous meetings, some proposals for validity time for availability have been agreed, summarized as follows
	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


· Validity time for the L1 availability indication
In last meeting, the it is agreed that the validity time for TRS availability indication can be optionally configured.
When the time duration for the validity time is configured, the validity time length should be in unit of paging cycle considering paging PDCCH monitoring period. {2,4,8,16} default paging cycles can be considered as baseline.
[bookmark: PP4]Proposal 4: When validity time is configured, the length of the validity time can be multiple paging cycles.
· {2,4,8,16} default paging cycles can be considered as baseline.
For stable TRS resources, NW can provide a long validity time, e.g. tens of default paging cycles. When new paging/PEI is received within the validity time, the TRS transmission is prolonged, which may result in ‘always on’ transmission of TRS resources per PO paging rate is high. To allow NW to terminate the transmission of TRS flexibly, unavailability for TRS can be indicated before the validity timer expires.
[bookmark: PP5]Proposal 5: Unavailability for TRS resources can be indicated before the validity timer expires.
When the time duration for the validity time is not configured, UE assume the TRS resources are available once ‘availability’ is informed. NW can terminate the transmission of TRS by a new L1 indication. This mode can be used for relatively stable TRS resources, and the TRS resource availability does not change frequently. Thus, the additional overhead for NW to switch-off the TRS resources is limited considering the switching-off indication rarely needs to be transmitted. In our understanding, there is no difference between ‘the availability indication is valid until when the UE receives another availability indication’ and ‘the availability indication is valid until L1 availability indication is changed by network’.
[bookmark: PP6]Proposal 6: When the time duration for the validity time is not configured, UE assumes the availability indication is valid until L1 availability indication is changed by network.
For paging message, NW should transmit the paging PDCCH and paging PDSCH in beam sweeping manner, to ensure the reliability of paging message. It is up to UE implementation to detect on subset of the beams or all of the beams corresponding to SSB transmissions, which depends channel conditions estimated at UE. UE can try to detect paging/PEI in multiple monitoring occasions if UE is in poor coverage.
Furthermore, paging PDCCH is kind of broadcast PDCCH for idle/inactive UE. Based on evaluation in coverage enhancement SI [TR 38.830], coverage of NR deployment is limited by UL channels rather than DL channels. Hence, If the TRS availability indication is provided in paging DCI/PEI, the reliability can be guaranteed. No additional mechanism is needed to address the miss-detection of the availability indication.
[bookmark: OB1]Observation 1: In a typical NW deployment, the reliability if paging PDCCH/PEI can be guaranteed.
[bookmark: PP7]Proposal 7: No additional mechanism is needed to handle the miss-detection of the availability indication.
· Reference point for start of the validity duration
Since the TRS configured for idle/inactive UEs are intended for connected UEs at the first place, it is nature to assume that NW has already started the transmission of TRS when providing the availability indication to idle/inactive UEs. For off-to-on switching, the timeline of TRS transmission and indication availability of TRS is shown in Figure 1. Therefore, it is nature that UE can immediately assume the TRS resources are available if the availability information is provided.
For on-to-off switching, although TRS transmission may not be terminated when the switching off indication is provided, the additional benifit of receiving TRS, in the remaining duration before the transmission is actually terminated, is marginal. Hence, UE can also assume the TRS resources are not available if the unavailability information is detected.
[image: ]
[bookmark: _Ref67590796]Figure 1. Timeline for TRS off-to-on switching indication to take effect
As discussed above, for TRS availability indication by NW, the starting time of transmission of the TRS is not predicted by NW given the TRS is provided to connected UE at the first place. The TRS transmission is already available at NW before NW provide the availability to idle/inactive UEs, the only thing the NW can predict is how long the TRS transmission can last for. Hence, even if the validity timer starts from the next paging cycle, the TRS should be considered as available once the availability indication is received. For cases when duration of validity time is not configured, it is nature that the availability information takes effects once received, without impacted by starting time of validity timer.
Considering the fact that TRS transmission are already available before the availability information is provided through paging DCI, it is nature that transmission of TRS is started from current DRX cycle. Hence, Alt-2 is preferred for paging DCI.
[bookmark: PP8]Proposal 8: The L1 availability indication for TRS takes effect once it is received.
· Alt-2 is preferred for reference point for validity time for paging DCI.
For PEI monitoring, the monitoring occasion is defined as PEI-O, which can be located in different PF from that for POs for paging PDCCH monitoring. The frame for PEI may be in previous paging cycle of corresponding paging PDCCH. If either Alt-1 or Alt-2 is applied for both paging DCI and PEI, it may lead to different understanding of expiration of validity time. Take Alt-2 as an example, the ending time of the TRS transmission for the availability indication for same TRS resource in PEI and paging DCI is offset by one paging cycle, as shown in Figure 2. The same issue would occur if Alt-1 is adopted.


Figure 2. different ending time for validity time duration according to PEI and paging DCI
To address above issue, the ending time of the expiration of validity time should be aligned. For PEI based availability indication, the reference time of the start of validity time follows the reference time for the associated occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting of validity time. 
[bookmark: PP9]Proposal 9: For PEI based availability indication, the reference time of the start of validity time follows the reference time for the associated monitoring occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting of validity time.
3. Handling of TRS availability indication for RRC connected UEs
Paging PDCCH is supported to indicate TRS availability. For RRC connected UEs, UE also need to monitor paging PDCCH if configured. Hence, Rel-17 RRC connected UEs can also be aware of the availability of TRS resources configured for idle/inactive UEs, although the TRS resource for idle/inactive UEs may not be configured to RRC connected UE through dedicated signaling. 
For the TRS resources configured by dedicated signaling, some UE behaviors are defined for coexistence between TRS and other physical channels in Rel-16, including at least the following.
· UE would rate matching PDSCH around the CSI-RS resources.
· If the dynamic indicated UL transmission on semi-static flexible symbols overlapping with CSI-RS resources, UE transmit the UL signals and does not receive CSI-RS.
Whether UE should handle the TRS resource configured for idle/inactive UEs the same way as that for RRC connected UEs should be clarified. For PDSCH overlapping with these TRS, if the TRS is actually transmitted and UE ignores the availability obtained from paging PDCCH, it will lead to degraded PDSCH performance. For PUSCH colliding with TRS on flexible symbols, it seems not appropriate to cancel the TRS transmission due to the availability have already broadcast to the camped UEs. To certain extent, the TRS configured for idle/inactive UEs can be regarded as cell specific transmission rather than UE specific transmission. 
To address the above issue, the following options can be considered for RRC connected UEs
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores TRS configuration provided by SIB and the availability indication in paging PDCCH.
In Opt-1, Rel-17 UEs capable of receiving TRS in idle and inactive state, will assume the TRS availability the same way as that in idle/inactive state, if UE is configured with CSS for paging PDCCH.
While for Opt-2, UE ignores these TRS resources and the bitfields in paging DCI for TRS availability, it is up to NW to avoid TRS resource on flexible symbols overlapping with other signals and channels. However, it will also lead to scheduling restriction at NW.
[bookmark: PP10]Proposal 10: Further clarification is needed on whether and how RRC connected UE would handle the TRS configured for idle/inactive UEs, and following options can be considered.
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores configuration by provided SIB and the availability indication in paging PDCCH.
Note that, even if RAN1 have consensus that Opt-2, i.e., the TRS availability in paging DCI is only applicable for idle and inactive UEs, and connected UE should be ignore the indication, it should be explicitly captured by spec due to different behavior for idle/inactive UEs and connected UEs. Hence, a new agreement is needed for this issue.
Conclusions
In this contribution, we discuss the CSI-RS/TRS for idle and inactive UEs, and we have the following observations and proposals:
Proposal 1: the network configures the TRS resources for UEs by SIB and
· TRS is available for IDLE/INACTIVE UEs when SIB indicates to UEs that L1 availability indication is NOT applicable
· TRS availability information is provided by L1when SIB indicates to UEs that L1 availability indication is applicable
Proposal 2:  If L1 availability indication is enabled, it should be provided in both PEI (if configured) and paging DCI.
· The paging DCI and PEI should provide the same availability/unavailability 
Proposal 3: The bit field length for L1 availability indication is the number of groups configured for TRS resource set. The number of bits for the bitfield is up to 6, and the location can be
· Right after bitfield ‘TB scaling’ in paging DCI, and
· Right after ‘paging indication field’ in PEI.
Proposal 4: When validity time is configured, the length of the validity time can be multiple paging cycles.
· {2,4,8,16} default paging cycles can be considered as baseline.
Proposal 5: Unavailability for TRS resources can be indicated before the validity timer expires.
Proposal 6: When the time duration for the validity time is not configured, UE assumes the availability indication is valid until L1 availability indication is changed by network.
Observation 1: In a typical NW deployment, the reliability if paging PDCCH/PEI can be guaranteed.
Proposal 7: No additional mechanism is needed to handle the miss-detection of the availability indication.
Proposal 8: The L1 availability indication for TRS takes effect once it is received.
· Alt-2 is preferred for reference point for validity time for paging DCI.
Proposal 9: For PEI based availability indication, the reference time of the start of validity time follows the reference time for the associated monitoring occasion for the paging DCI, i.e., UE assumes the L1 availability is detected in the associated paging DCI when determine the starting of validity time.
Proposal 10: Further clarification is needed on whether and how RRC connected UE would handle the TRS configured for idle/inactive UEs, and following options can be considered.
· Opt-1: Assume the same availability as that defined for idle/inactive UEs.
· Opt-2: Ignores configuration by provided SIB and the availability indication in paging PDCCH.
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