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1. Introduction
In RAN1#104e meeting [1], some agreements are made on TRS/CSI-RS for IDLE/inactive UEs. In this contribution, we will discuss remaining issues on TRS/CSI-RS for idle and inactive UEs power saving.  
2. Parameters for TRS/CSI-RS Configuration
In last meeting, parameters for TRS/CSI-RS are discussed, and following agreements are made on SCS, frequency location, and QCL information. 
Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.
Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: from higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO
· FFS details
· Other alternatives are not precluded
In this section, we will discuss on the alternatives for deriving these parameters.
· SCS of TRS/CSI-RS
For RRC connected UEs, except for CSI-RS for mobility, UE assumes the CSI-RS have the same SCS as that of the active BWP. Similarly, for idle UEs, UE can assume the same SCS as that of initial DL BWP. Besides, different SCS between TRS and initial DL BWP may require addtional UE capability. Hence, to make sure UE can beninfit from the TRS/CSI-RS resources, the same SCS between TRS/CSI-RS for idle/inactive UEs and the initial DL BWP should be guaranteed.
[bookmark: PP1]Proposal 1: The SCS for TRS/CSI-RS configured for idle/inactive UEs should be the same as that of initial DL BWP.
· Frequency location
For frequency location of TRS/CSI-RS for idle/inactives, the two alternatives, i.e., configuring the RS resources within initial DL BWP, or the bandwidth configuration can be larger than initial DL BWP while UE is not required to receive TRS/CSI-RS outside initial DL BWP, will not make any difference from UE perspective. However, the latter one provides more flexibility for NW implementation. Hence, Alt.2 is preffered.
[bookmark: PP2]Proposal 2: The configuration of the frequency location and bandwidth are not restricted by initial DL BWP, and UE is not required to receive the RS resources outside initial DL BWP.
· QCL information
Based on agreements made, the QCL information of CSI-RS/TRS can be determined through explict configuration, or determined based on implicit rule. 
For the implicit rule, the QCL assumptions is associated with SSBs, which is similar to association between paging monitoring and SSBs, and it implies TRS/CSI-RSs are also transmitted in beam sweeping manner. Keeping in mind that the TRS/CSI-RS resources are shared from the resources configured for connected UEs, such implicit association would lead to restrictions on NW implementation. For example, to realize same beam sweeping manner as that for SSB, NW need to carefully arrange the time domain resources of TRS/CSI-RS resources for multiple connected UEs, to make sure the beam sweeping manner is aligned with SSBs, as shown inFigure 1. Hence, QCL assumptions association with SSBs, imposes challenges in gNB implementation. While for explicit configuration, NW can flexibly share the TRS resources to idle/inactive UEs without considering beam sweeping manner.

[bookmark: _Ref68421646]Figure 1. Illustration of beam sweeping for TRS/CSI-RS
[bookmark: OB1]Observation 1: If QCL assumptions of TRS/CSI-RS resources for idle/inactive UEs are associated with transmitted SSBs implicitly, it would lead to restrictions at NW when configuring TRS/CSI-RS resource for connected UEs.
[bookmark: PP3]Proposal 3: QCL information of TRS/CSI-RS resources for idle/inactive UEs is explicitly configured.
3. [bookmark: _Ref498564494]Availability of TRS/CSI-RS for idle/inactive UEs
1. [bookmark: _Hlk521582650]
2. 
3. 
[bookmark: _Hlk56167136]Availability of TRS/CSI-RS for idle and inactive UEs are discussed in previous meetings, and following agreements are made [1].
Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).
Accordingly, we will discuss the detailed solutions for the availability indications.
1. 
2. 
3. 
3.1. Channels for TRS availability indication
The CSI-RS availability indication can be delievered in paging DCI or PEI, and there are some bits reserved in paging DCI, hence some of the reserved bits can be used to indicate CSI-RS state/configuration update. Paging PDCCH can be used to indicate on/off state of the configured CSI-RS resource. A bitmap can be delieved by the reserved bits, where each bit is associated with a CSI-RS resource(set), and is used to indicate UE whether the associated CSI resource is actually transmitted by gNB. The network can flexibly switch on/off the CSI-RS resources configured by SIB through paging DCI. Note that, the reserved bits in paging DCI are ignored by legacy UEs, and there would be no impacts for legacy UEs. 
The availability indication can also be transmitted in PEI, if connfigured. However, PEI for paging reception and TRS/CSI-RS should be decoupled features for UE power saving. Otherwise, it means TRS/CSI-RS availability can not be indicated when PEI is not configured. Idle/inactive UEs may need to support different implementations with or without PEI, and leading to additional complexity for UE implementation. Besides, whether the indication can be delievered in PEI also depends on the signal/channel design of PEI. If PEI is PDCCH, and considering the paging subgrouping to delievered in PEI, and further limited DCI size, e.g. 12 bits, to guarantee PEI reliability, the feasibility for availability indication through PEI is not clear. Availability indication through PEI should be further studied after the details for PEI signaling/channel design are clear. 
[bookmark: OB2][bookmark: OB7]Observation 2: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
[bookmark: PP4]Proposal 4: The availability indication can be delievered at least through paging DCI.
· TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are clear.
3.2. TRS/CSI-RS availability update procedure
In previous meetings, some availability indication methods are proposed [2][3], summarized as follows
· Alt-1: UE determines the instantaneous availability of TRS/CSI-RS before PO through PEI;
· Alt-2: UE assumes the TRS/CSI-RS available before receiving signaling indicating the TRS/CSI-RS as NOT available.
The major difference between the two alternatives is, whether the availability indication provide a long-term availability indication or a short-term indication. 
For Alt-1, idle/inactive UEs can not assume TRS/CSI-RS resources are available before PEI indication, and it may imply that TRS/CSI-RS resources are mapped between PEI and PO, which would limit NW flexibility when configuring TRS/CSI-RS resources, as shown in Figure 2. Besides, if the availability of TRS/CSI-RS is provided through PEI only, it also prevents UE to take advantages of TRS/CSI-RS, when PEI is not configured. 

[bookmark: _Ref39855116][bookmark: _Ref53525464]Figure 2. Availability indication through PEI
[bookmark: OB3]Observation 3: If PEI is used to indicate whether TRS is present before PO, it implies that TRS/CSI-RS resources are mapped between PEI and PO, which would limit NW flexibility when configuring TRS/CSI-RS resources.
While for Alt-2, UE assumes the TRS/CSI-RS available before indicated as not available. From UE perspective, the TRS/CSI-RS resources are similar to semi-persistent resources, and the function of availability indication is similar to activation signaling of semi-persistent reference signals. Thus, UE does not need to check the availability, and receive TRS/CSI-RS for T/F tracking when needed. Note that, there would be transmissions, other than paging, could be supported for Rel-17 UEs in idle/inactive state, such as DL reception for MBS and UL transmission for SDT. As shown in [4], UE can obtain more accurate T/F tracking through TRS compared to that based on SSB. Hence, idle/inactive UEs can also take advantage of TRS/CSI-RS resources for T/F tracking, even if the TRS/CSI-RS resources are not mapped between PEI and PO.
[bookmark: OB4]Observation 4: For Rel-17 UEs in idle/inactive state, DL reception for MBS and UL transmission for SDT can also take advantage of TRS/CSI-RS resources for T/F tracking, even if TRS is not mapped between PEI and PO.
[bookmark: PP5]Proposal 5: UE assumes the TRS/CSI-RS available before receiving signaling indicating the TRS/CSI-RS as NOT available.
Assuming the availability indication is provided through paging PDCCH or PEI, and considering the TRS/CSI-RS resources are provided to idle/inactive UEs with different UE-ID and/or different periodicity of paging cycles, different UEs may reveive PEI or paging PDCCH in different occassions. Thus, a lead time for availability indication transmission should be considered at NW, to make sure all UEs can obtained the availability indication before the NW actually switches off the availability indication As shown in Figure 3, the lead time should not be shorter than one DRX cycle.

[bookmark: _Ref67590817]Figure 3. Timeline for TRS on-to-off switching indication to take effect
In current mechanism, if NW would change system information, lead time for SI change notification through paging DCI before transmission of updated SI, is aslo needed to make sure all UEs can obtain SI change notification[5]. A modification period is used, i.e. updated SI message is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period is expressed in number of radio frames= modificationPeriodCoeff * defaultPagingCycle, where the value ranges of these two parameters are given as follows:
BCCH-Config ::=						SEQUENCE {
	modificationPeriodCoeff				ENUMERATED {n2, n4, n8, n16}
……
}

PCCH-Config ::=						SEQUENCE {
	defaultPagingCycle					PagingCycle
……
}

PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
As shown by above parameters, the modification period is composed of several paging cycles, NW can properly configure the length of the period to make sure all UEs can receive SI change notification in paging DCI. Similarly, for TRS availability change, the availability indication can follow the same timeline as that for SI update, i.e. the TRS availability is transmitted in a first modification period, during which the availability does not take effect, until the next modification period. In this case, UEs with different UE-IDs can obtain the availability indication within a modification period. 
Alternatively, the lead time for availability indication can be transparent to idle/inactive UEs. UE assumes the TRS available or not available once the availability indication is received. For on-to-off switching for TRS resources, although NW does not switch off TRS transmission immediately, UE assumes the TRS not available. For off-to-on switching, UE assumes the TRS not present, and performs T/F tracking based on SSBs until the availability indication is received, although the TRS have been actually transmitted by NW, as shown in Figure 3. UE can assume the TRS is present immediately after the “switching on” indication is received. The latency for the TRS availability indication has less impact to UE performance.
From NW perspective, these two alternatives have no differences in resource overhead. While for on-to-off switching, if the former alternative is adopted, UE may take more advantages of the TRS resources before the transmission is actually switched off.
[bookmark: _GoBack]
[bookmark: _Ref67590796]Figure 4. Timeline for TRS off-to-on switching indication to take effect
[bookmark: PP6]Proposal 6: Following the TRS availability update procedure can be considered
· Alt-1: The availability indication is transmitted in a first modification period, during which the availability does not take effect until the next modification period. (preferred for on-to-off switching)
·  The modification period is defined for SI update in current specification.
· Alt-2: The availability indication takes effect once it is received. (preferred for off-to-on switching)

3.3. TRS/CSI-RS and CSI-RS overlapping with other transmissions
In Rel-16, idle UEs are not provided with TRS/CSI-RS configurations, and UE receives the broadcast PDSCHs without considering overlapping with TRS/CSI-RS resources. For SIB1, overlapping with CSI-RS is error case in current specification, according to section 5.1.6.1 in TS38.214.
	…
The UE is not expected to receive CSI-RS and SIB1 message in the overlapping PRBs in the OFDM symbols where SIB1 is transmitted.


However, there is no restriction on TRS/CSI-RS overlapping with other broadcast PDSCH, e.g., paging PDSCH and OSI, and it may be difficult for NW always avoid colliding at NW scheduler. It is not clear whether NW will transmit overlapping TRS/CSI-RS in resources for paging/OSI PDSCHs in implementation. 
[bookmark: OB5]Observation 5: There is no restriction on TRS/CSI-RS overlapping with broadcast PDSCH other than SIB1.
NW may transmit TRS/CSI-RS and paging/OSI PDSCHs in overlapping resources, but the transmission of overlapping TRS/CSI-RS resources are transparent to UEs. In Rel-17, when the availability of TRS/CSI-RS resources is provided, better detection performance for these broadcast PDSCH can be obtained if the availability of overlapping TRS/CSI-RS resources are considered at receiver.
[bookmark: PP7][bookmark: OB6]Observation 6: Better performance can be achieved for paging/OSI PDSCH if availability of overlapping TRS/CSI-RS resources are considered at receiver.
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 SCS for TRS/CSI-RS configured for idle/inactive UEs should be the same as that of initial DL BWP.
Proposal 2: The configuration of the frequency location and bandwidth are not restricted by initial DL BWP, and UE is not required to receive the RS resources outside initial DL BWP.
Observation 1: If QCL assumptions of TRS/CSI-RS resources for idle/inactive UEs are associated with transmitted SSBs implicitly, it would lead to restrictions at NW when configuring TRS/CSI-RS resource for connected UEs.
Proposal 3: QCL information of TRS/CSI-RS resources for idle/inactive UEs is explicitly configured.
Observation 2: TRS/CSI-RS availability indication through PEI is not unified solution since PEI and TRS/CSI-RS for idle/inactive UEs are decoupled features for UE power saving.
Proposal 4: The availability indication can be delievered at least through paging DCI.
· TRS/CSI-RS availability indication through PEI also depends on the signal/channel design of PEI, and it can be discussed after the details are clear.
Observation 3: If PEI is used to indicate whether TRS is present before PO, it implies that TRS/CSI-RS resources are mapped between PEI and PO, which would limit NW flexibility when configuring TRS/CSI-RS resources.
Observation 4: For Rel-17 UEs in idle/inactive state, DL reception for MBS and UL transmission for SDT can also take advantage of TRS/CSI-RS resources for T/F tracking, even if TRS is not mapped between PEI and PO.
Proposal 5: UE assumes the TRS/CSI-RS available before receiving signaling indicating the TRS/CSI-RS as NOT available.
Proposal 6: Following the TRS availability update procedure can be considered
· Alt-1: The availability indication is transmitted in a first modification period, during which the availability does not take effect until the next modification period. (preferred for on-to-off switching)
·  The modification period is defined for SI update in current specification.
· Alt-2: The availability indication takes effect once it is received. (preferred for off-to-on switching)
Observation 5: There is no restriction on TRS/CSI-RS overlapping with broadcast PDSCH other than SIB1.
Observation 6: Better performance can be achieved for paging/OSI PDSCH if availability of overlapping TRS/CSI-RS resources are considered at receiver.
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