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1. Introduction
According to WID on UE Power Saving Enhancements, one objective in UE Power Saving Enhancements work item is about specifying the indication of TRS/CSI-RS to idle/inactive-mode UEs [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 discuss and provide our view on providing potential CSI-RS/TRS occasion(s) available in connected mode to idle/inactive mode UEs.

2. Impact on PDSCH 
The reference signals are predefined signals occupying specific resources and it can be used for e.g. time/frequency synchronization or channel estimation by UEs. Obviously, UE shall have clear understanding whether the downlink reference signals can be assumed at REs that gNB schedules. When overlap between the reference signal and a scheduled PDSCH is occurred, UE can expect to receive either the reference signal or the PDSCH at REs where overlaps are occurred, and prioritization rule and corresponding RE mapping method are clearly defined in the spec to avoid ambiguity between UE and gNB. 
According to the section 5.1.6.1 in TS 38.214, UE is not expected to receive CSI-RS/TRS and SIB1 message in the overlapping PRB in the OFDM symbols where SIB1 is transmitted. Note that not only RRC idle/inactive UEs but also RRC connected UEs, which is aware of CSI-RS/TRS transmission, need to receive SIB1 message for SI update procedure. 
Observation 1: According to the section 5.1.6.1 in the TS 38.214, idle/inactive UE can assume that it is not expected to receive TRS and SIB1 message in the overlapping PRB in the OFDM symbols where SIB1 is transmitted. 
For the overlap between TRS and scheduled PDSCH for RRC connected UEs, PDSCH RE mapping rule described in section 5.1.4 in TS 38.214 can be applied. Meanwhile, overlaps between CSI-RS/TRS transmission and other broadcasted PDSCHs, which is not for RRC connected UEs, has not been handled so far. For example, RRC connected UE shall monitor PDCCH with CRC scrambled by P-RNTI if configured, but does not need to receive corresponding PDSCH that contains paging message. Thus Rel-15/16 UE does not need to know whether the indicated TRS can be assumed at REs where paging message is transmitted. However, in Rel-17, TRS resources can be configured and indicated to idle/inactive UEs. Hence UEs need to have clear understanding whether the indicated TRS can be assumed or not at REs where the broadcast PDSCH is scheduled. 
Observation 2: Rel-15/16 UE in idle/inactive state does not have prior information on TRS. Therefore, the Rel-15/16 UE is not able to deal with the overlap between indicated TRS and broadcast PDSCH which occurs in the idle/inactive state.
Observation 3: Rel-17 UE in idle/inactive state can have prior information on TRS. Therefore, it is necessary to deal with the overlap between indicated TRS and broadcast PDSCH for the Rel-17 idle/inactive UEs.
In general, the reference signal has higher priority than the PDSCH transmission. Moreover, UE cannot be aware of some PDSCHs even if it is broadcasted for idle/inactive UEs. For example, UE may not be aware of PDSCH transmission for paging message that is scheduled at a PO which is for other UE group. Thus, it seems natural that TRS indicted via L1 based availability indication shall have higher priority than broadcast PDSCHs other than one for SIB1 message. 
To deal with the overlap between the indicated TRS and broadcast PDSCH, we can consider two possible approaches. The first one is to follow the PDSCH RE mapping rule for the connected UEs which as described in section 5.1.4 in TS 38.214. In this case, UE shall assume that REs corresponding to the TRS availability indication are not available for PDSCH. Since the REs for TRS resources are not counted as the PDSCH REs, the output bit sequence after rate matching will be impacted during the duration where the validity of TRS is indicated. However it should be noted that legacy UEs, which is not aware of TRS availability, cannot assume non-availability of those REs, so PDSCH decoding will be failed if the modification of PDSCH RE mapping rule for the connected UEs is applied to TRS for idle/inactive UE.
Alternatively puncturing PDSCH REs that overlaps TRS resources can be considered. In this method, idle/inactive UEs assume zero power for PDSCH transmission at REs where overlap with TRS resources that actually transmitted. Since the output bit sequence after the rate matching are not impacted by the method, backward compatibility for the broadcast PDSCH can be guaranteed. 
Proposal 1: For REs that are configured for a TRS occasion(s) for idle/inactive UEs and indicated actual TRS transmission via L1 signaling
· The UE expects TRS transmission in the REs even if they are overlapped with scheduled PDSCH
· The UE expects PDSCH REs, which overlap with actual TRS transmission, are punctured after PDSCH RE mapping (i.e. zero power PDSCH RE)

3. Issue on SI update
During a previous meeting, UE assumption on TRS validity duration impacted by a SI update procedure has discussed. 
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Issue #1: Ambiguity on exact timing where indicated TRS validity duration is expired
According to discussion during a previous meeting, it seems common understanding that any validity duration that UE has indicated before should be expired when SI for TRS configuration is updated. However, the reference point where UE should stop assuming indicated TRS validity is still unclear. Figure 1 shows an example of SI change for TRS configuration procedure timeline. When UE receives SI change indication via paging DCI at a modification period, it will start SI update procedure from the start of the next modification period boundary. At the modification period where SI update procedure is proceeding, UE can check a value tag of the SI for TRS configuration from SIB1 message, and after that it will acquire the TRS configuration via SIB-X if the value tag from the SIB1 message is different from a stored version. However it should be noted that UE may fail to decode SIB1 message, and gNB cannot know whether UE finished the SI procedure or not. False assumption on TRS validity would bring time/frequency synchronization error which can significantly impact paging reception performance. Thus, it is worthwhile to set the explicit timing where validity duration corresponding to previous L1 based availability indications becomes unavailable by the SI update procedure.

Issue #2: Ambiguity on exact timing where new SI for TRS configuration is applied
When UE receives L1 based availability indication, it will apply stored version of SI for TRS configuration to determine indicated TRS resource set(s) and their validity duration. However, it should be noted that UE is not aware of whether the SI for TRS configuration is updated before it checks the value tag in SIB1 message. Also, UE cannot apply updated TRS configuration until it successively receive the corresponding SIB-X message. Thus if L1 based availability indication is received before SI procedure completes, UE may misunderstand indicated TRS validity. Moreover, as commented in issue#1, different UE may have different version of TRS configuration due to the SIB1/SIB-X reception failure. For example, UE that obtains SIB1 and SIB-X at the first attempt, e.g. CASE 1 in Figure 1, can apply the TRS availability indication at the first PO based on updated TRS configuration. Meanwhile, the UE that fails to receive SIB1 and/or SIB-X at the first attempt, e.g. CASE 2 in Figure 1, cannot have acquire the updated TRS configuration and may apply old version of SIB which is not valid anymore. Hence, different UE may have different interpretation of a L1 based availability indication during the modification period. Thus, the reference timing where UE can start to apply availability indication by the L1 signaling for the new configured SIB should be aligned to avoid the ambiguity problem.

To resolve the ambiguity issues above, modification period boundary can be used as the reference point where UE can assume indicated validity duration(s) are temporally unavailable and new SI for TRS configuration can be applied. For example, following procedure can be used: 
UE assumes any validity duration are temporally unavailable from the start of modification period where SI acquisition procedure is applied until it acquires a SIB1 message. After the UE acquires SIB1 message, and if a value tag of the SI for TRS configuration is changed from the stored version, any validity duration indicated before the current modification period are unavailable. Also UE need to acquire updated SI for TRS configuration via SIB-X, and it can start using the L1 based availability indication based on updated TRS configuration from the modification period. Otherwise, if the value tag conveyed by the SIB1 message is not changed, UE can re-assume stored version of SI for TRS configuration and restart assuming indicated validity durations. 
Proposal 2: UE assumes the indicated validity durations are temporally unavailable from the start of modification period where SI acquisition procedure is applied until it acquires a SIB1 message
· If a value tag of the SI for TRS configuration is changed from the stored version 
· the validity durations indicated before the current modification period are unavailable
· UE acquires SIB-X to update TRS configuration 
· UE can apply L1 based availability indication based on updated TRS configuration from the current modification period 
· Otherwise, if a value tag of the SI for TRS configuration is not changed from the stored version
· UE can use stored version of SI for TRS configuration 
· UE can re-assume TRS for the indicated validity durations, if available 

4. Supporting eDRX
According to the RAN2 discussion, UE in eDRX mode can take advantage of TRS availability indication. Due to the long duration where UE does not monitor a PO, the UE may miss the SI update for TRS configuration between PTWs. In general UE can acquire SI change notification at the first PO within a PTW. However, unlike other SI information, it should be noted that UE receive the TRS availability indication at the first PO and its corresponding PEI occasion before it notice that TRS configuration has been changed. If the TRS configuration was changed during the sleep duration and UE applies the availability indication that is received at the first PO/PEI-O, UE may assume invalid TRS resources. 
Moreover, there can be a situation where the indicated validity duration expires during the sleep duration between PTWs. According to the agreement in a previous RAN1 meeting, validity duration can be configured up to 22 minutes. If the configured eDRX cycle is smaller than the configured validity duration, UE that receive the availability indication at the PTW would assume the validity of TRS at the next PTW. However, as we discussed in a previous section, indicated validity duration for TRS resource set groups can be expired when SI for TRS configuration is updated. In this case UE may falsely assume the invalid TRS transmission at the next eDRX cycle. 
From these perspective, whether and how to assume validity for the TRS configuration and associated availabilities when eDRX cycle is used should be considered carefully. As a starting point of our discussion, following three options can be considered: 
Opt 1: UE shall monitor SIB1 to check the value tag of SI for TRS configuration before the PTW every eDRX cycles.
Simply, UE can determine whether the SI for TRS configuration was changed during the sleep duration by checking the value tag in the SIB1 message. If UE finds the changed value tag, it can delete the stored version of SIB-X and can assume any validity durations indicated in previous eDRX cycles are unavailable. This option does not require additional signaling overhead, and UE can take advantage of validity duration that was indicated in previous eDRX cycles if SIB-X has not changed. However, UE requires to monitor SIB1 every eDRX cycle, so power consumption efficiency would be decreased. 
Opt 2: UE cannot assume any validity duration before it monitors the first PO within a PTW.
Like other SI update procedure for eDRX UEs, UE may have chance to acquire SI change notification at the first PO within a PTW. If the paging DCI at the first PO indicates UE to perform the SI update procedure, there could be a possibility that TRS configuration has changed during the sleep duration. In this case the procedure in proposal 2 in a previous section can be used; check SIB1 message after the first PO if SI change notification is indicated, and assumes the TRS configuration and any validity durations are temporally unavailable. Since the UE is not aware of the SI change notification, it shall not assume TRS even when the indicated validity durations are valid before the first PO within a PTW. Compare to the option 1, UE can saves power consumption from the periodic SIB1 decoding. 
Opt 3: L1 signal (i.e. paging DCI and PEI) conveys bit field for indicating SI update for TRS configuration.
To avoid unnecessary power consumption due to the periodic SIB1 decoding, conveying information on TRS configuration status via L1 signaling can be considered. For example, one bit for indicating TRS configuration update can be included in PEI and/or paging DCI. Although this option requires additional DCI overhead than the option 2, TRS configuration update can be indicated separately from other SI update. Hence UE can quickly check and re-assume the TRS configuration and corresponding availability if TRS configuration has not changed during the eDRX cycle.

Proposal 3: Consider following options for the TRS configuration validation and associated availabilities for the eDRX UE:
· Opt 1: UE shall monitor SIB1 to check the value tag of SI for TRS configuration before the PTW every eDRX cycles
· Opt 2: UE cannot assume any validity duration before it monitors the first PO within a PTW
· Opt 3: L1 signal (i.e. paging DCI and PEI) conveys bit field for indicating SI update for TRS configuration


5. Conclusion
In this contribution, we discuss and provide our view on providing potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive mode UEs. Proposals in this contribution are summarized as follows.
Observation 1: According to the section 5.1.6.1 in the TS 38.214, idle/inactive UE can assume that it is not expected to receive TRS and SIB1 message in the overlapping PRB in the OFDM symbols where SIB1 is transmitted. 
Observation 2: Rel-15/16 UE in idle/inactive state does not have prior information on TRS. Therefore, the Rel-15/16 UE is not able to deal with the overlap between indicated TRS and broadcast PDSCH which occurs in the idle/inactive state.
Observation 3: Rel-17 UE in idle/inactive state can have prior information on TRS. Therefore, it is necessary to deal with the overlap between indicated TRS and broadcast PDSCH for the Rel-17 idle/inactive UEs.

Proposal 1: For REs that are configured for a TRS occasion(s) for idle/inactive UEs and indicated actual TRS transmission via L1 signaling
· The UE expects TRS transmission in the REs even if they are overlapped with scheduled PDSCH
· The UE expects PDSCH REs, which overlap with actual TRS transmission, are punctured after PDSCH RE mapping (i.e. zero power PDSCH RE)
Proposal 2: UE assumes the indicated validity durations are temporally unavailable from the start of modification period where SI acquisition procedure is applied until it acquires a SIB1 message
· If a value tag of the SI for TRS configuration is changed from the stored version 
· the validity durations indicated before the current modification period are unavailable
· UE acquires SIB-X to update TRS configuration 
· UE can apply L1 based availability indication based on updated TRS configuration from the current modification period 
· Otherwise, if a value tag of the SI for TRS configuration is not changed from the stored version
· UE can use stored version of SI for TRS configuration 
· UE can re-assume TRS for the indicated validity durations, if available 
Proposal 3: Consider following options for the TRS configuration validation and associated availabilities for the eDRX UE:
· Opt 1: UE shall monitor SIB1 to check the value tag of SI for TRS configuration before the PTW every eDRX cycles
· Opt 2: UE cannot assume any validity duration before it monitors the first PO within a PTW
· Opt 3: L1 signal (i.e. paging DCI and PEI) conveys bit field for indicating SI update for TRS configuration
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