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Introduction
In this contribution, we discuss the detailed design for specifying the indication of TRS/CSI-RS to idle/inactive-mode UEs [1], including the configuration signaling, the availability signaling, and some overhead reduction enhancements. (Past agreements are included in Appendix B.)
TRS/CSI-RS Configurations
The main motivation of indicating TRS/CSI-RS occasion(s) to idle/inactive-mode UEs is to facilitate AGC and UE time/frequency synchronization, so that the UE does not need to wake up for too long or too far in advance for synchronization, which saves UE power. Comparing TRS and CSI-RS,
· TRS is best suited for this purpose as the pattern is specifically designed to assist UE with time/frequency tracking.
· All connected UEs are configured with TRS, and typically the connected UEs (in the same beam) share the same TRS configuration. This means that as long as there is at least one connected UE, TRS would be transmitted. In this sense, TRS is more stable than CSI-RS configurations for connected UEs, which minimizes the need for changing the indication for idle/inactive UEs. 
Due to these reasons, we think it is sufficient to support only periodic TRS for idle/inactive UEs.
Proposal 1: Support only periodic TRS for idle/inactive UEs. Periodic CSI-RS other than TRS is not supported.

Based on this proposal, we further discuss what parameters are needed for signaling the periodic TRS and how they can be signaled.
Currently a full TRS configuration is signaled via a NZP CSI-RS resource set (NZP-CSI-RS-ResourceSet) with 2 or 4 NZP CSI-RS resources (NZP-CSI-RS-Resource), corresponding to 1 or 2 slots TRS. (The detailed RRC signaling is provided in Appendix B for reference.) If we directly reuse the current signaling method, one TRS configuration is roughly 48 bytes assuming 4 NZP CSI-RS resources for a TRS, or 26 bytes assuming 2 NZP CSI-RS resources for a TRS. If we assume a max of 64 beams and one TRS configuration needs to be signaled per beam, the total size is roughly 64 x 48 = 3072 bytes, or 64 x 26 = 1664 bytes.
However, the current limit for the SI message size is 2976 bits, as defined in TS 38.214: “The UE is not expected to receive a PDSCH assigned by a PDCCH with CRC scrambled by SI-RNTI with a TBS exceeding 2976 bits.” Moreover, SIB segmentation is not supported at the moment. Directly reusing the current CSI-RS configuration signaling certainly results in a message size that is much larger what can be supported today.
RAN2 is considering the possibility of supporting SIB segmentation. But regardless of whether SIB segmentation is supported or not, we should aim to minimize the signaling overhead for efficiency. In fact, there is a lot of room for signaling optimization of the TRS configuration.
First of all, using multiple CSI-RS resources to indicate a TRS configuration results in quite some redundant information across the CSI-RS resources, because TRS is very well structured and there is no need to repeat the same information for multiple CSI-RS resources. In this sense, it is more efficient to introduce a specific TRS configuration.
Next, we discuss the few open issues on the configuration parameters related to the following agreements from RAN1#104-e.
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-eRAN1#105-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: TCI state 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 
· FFS details
· Other alternatives are not precluded

For SCS, we think it should the same as the initial DL BWP, in order to avoid the numerology switching for idle/inactive UEs.
For the frequency location, we do not see the need for the configuration itself to be restricted to initial DL BWP. Instead, the UE can receive the signal within the initial DL BWP based on the configuration. This is also consistent with the current behavior of the connected UEs.
For QCL indication, since SSB is the only reference available, the QCL information can be simply provided as an SSB index. Since the intention is to reuse the TRS for connected UEs, it is not quite possible to assume implicit association with SSB (Alt-2).
Proposal 2: The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs is the same as the initial DL BWP.
Proposal 3: The indicated frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted to the initial DL BWP.
Proposal 4: The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index.
In Table 1, we summarize the parameters that are need for a TRS configuration for idle/inactive UEs and how they can be signaled. The agreed parameters are highlighted in green. With this structure, each TRS configuration takes about 8 bytes, and 64 TRS configurations would take 512 bytes (4096 bits).
Table 1 TRS configuration parameters
	TRS configuration parameters
	Value Range

	TRS configuration index
	0 to (max # of TRS configurations – 1)

	Frequency domain allocation
	{0, 1, 2, 3}
For TRS, this can be simplified to the offset for the TRS REs in a RB.

	firstOFDMSymbolInTimeDomain
	0 to 9

	startingRB
	Can reuse the existing range: 0 to 274

	nrofRBs
	Can reuse the existing range: 24 to 276

	powerControlOffsetSS
	Reuse the existing range: {-3, 0, 3, 6} dB

	scramblingID
	Reuse the existing range: 0 to 1023

	periodicityAndOffset
	Can reuse the existing structure of CSI-ResourcePeriodicityAndOffset, with periodicity limited to {10, 20, 40, 80} ms.

	QCL information
	0 to 63, indicating the QCLed SSB index

	Number of slots for TRS
	{1, 2}



Even though the overhead has been significantly reduced with this structure, there is still room for further optimization if desired. For example, it may make sense to make some parameters common for all TRS configurations. One good candidate is the RB allocation (starting RB and nrofRBs), which is more likely to be the same across the TRS configurations and it also brings non-negligible overhead saving given its size.
Proposal 5: Use the TRS configuration parameters in Table 1 as the starting point. Further signaling overhead reduction/optimization can be considered.

Availability indication of TRS/CSI-RS occasion(s)
It has been agreed that the availability of TRS-CSI-RS occasion(s) is indicated to the UE so that the UE does not need to do blind detection. A few options have been proposed by companies in terms of how to indicate the availability:
· Option 1: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE implicitly or explicitly via SIB.
· The UE can always count on the indicated TRS/CSI-RS occasion(s) for AGC and time/frequency tracking and it does not need to wake up too far in advance.
· The concern is that the reconfiguration of the TRS/CSI-RS occasions can be slow, and may create additional network overhead.
· Option 2: It can be dynamically indicated in the paging DCI whether the configured TRS/CSI-RS occasion(s) are transmitted or not.
· If cross-slot scheduling is used and there is sufficient gap between DCI and PDSCH, TRS/CSI-RS can be transmitted in the gap. UE can then use it to improve the tracking for PDSCH decoding. However, if the presence of TRS/CSI-RS is dynamically indicated in the DCI and cannot be guaranteed, the UE would still need to wake up earlier to achieve sufficient tracking performance in case TRS/CSI-RS is not present. Therefore, this does not help the UE power saving.
· A more practical approach is to indicate the availability of TRS/CSI-RS for the future paging cycles, so that the UE knows in advance when it should wake up based on the availability of TRS/CSI-RS. 
· Option 3: It can be dynamically indicated together with paging early indication (PEI) whether the configured TRS/CSI-RS occasion(s) are transmitted or not.
· This can be quite straightforward to support if PEI is supported using PDCCH, but it can be more challenging if PEI is supported using a sequence.
· In our previous contribution [2], we provided evaluation results and showed that indicating the presence of TRS/CSI-RS on top of PEI provides meaningful additional gain, especially for high group paging rate.
We think all the three options are useful and supporting all of them gives the network flexibility to choose the best signaling approach for the desired operation. For example, if there is connected UE in the system almost all the time, or if the network does not mind the additional overhead even when there is no connected UE, SIB signaling would be sufficient already. Otherwise, the network can choose to use either paging DCI or PEI to carry the information, depending on whether PEI is configured or not.
Proposal 6: The availability indication of the TRS/CSI-RS occasion(s) can be carried in SIB, paging DCI and/or PEI (if PDCCH is adopted for PEI).
If we use PDCCH to carry the availability indication, one issue is whether the indication is small enough to fit into a DCI message. For example, if there are a total of 64 TRS configurations and one bit per TRS configuration is used for availability indication, we need 64 bits, which is certainly too large for a PDCCH. One straightforward and effective way for overhead reduction is to indicate the availability only for the TRS configuration(s) that correspond to the same beam. Because there should be very few TRS configurations (if more than one) for each beam, this would require only one or at most a few bits in the DCI.
Proposal 7: When the availability indication is carried in a DCI, it only carries the information for TRS/CSI-RS configuration(s) that correspond to the same beam as the DCI.
Overhead Reduction
If the TRS indicated to idle/inactive UEs is used by the connected UEs, there is no additional overhead to transmit TRS from network perspective. However, if the TRS is no longer used by the connected UEs, it may take some time for the gNB to notify all the idle/inactive UEs about the availability change. Before the gNB notifies all the UEs about the changes, the TRS transmission is additional overhead. In some other cases, the gNB may choose to provide TRS to idle/inactive UEs even when it is not used by the connected UEs. For these cases, it is also important to minimize the TRS overhead.
One way to reduce the TRS overhead is to limit the TRS occasion(s) that is assumed by the idle/inactive UEs to be available. As shown in Fig. 1(a), if a TRS configuration is indicated as available, the UE may assume that only the N TRS occasions before the PO are available, instead of all the TRS occasions. Given that the idle/inactive UEs only need the TRS before the PO, having such restrictions should not affect anything for these UEs.
Similarly, if the TRS availability is indicated in PEI and the UE needs to monitor the PO based on PEI, the UE may assume that only the TRS occasions between PEI and PO are available; otherwise the UE assumes the TRS occasions are not available.
So instead of transmitting in all the TRS occasions, the gNB can choose to transmit only the TRS occasions that are assumed to be available by the idle/inactive UEs.
Proposal 8: When a TRS configuration is indicated as available, the idle/inactive UEs assumes that only a certain number of TRS occasion(s) before a PO is available.
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(a) UE assumes only the N TRS occasions before the PO are available
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(b) UE assumes that the TRS occasion(s) between PEI and PO are available
Figure 1 Potential TRS overhead reduction
Conclusion
In this contribution, we discussed the issue of indicating the availability of the configured TRS/CSI-RS occasions to idle-inactive-mode UEs and made the following observations and proposals:
Proposal 1: Support only periodic TRS for idle/inactive UEs. Periodic CSI-RS other than TRS is not supported.
Proposal 2: The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs is the same as the initial DL BWP.
Proposal 3: The indicated frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs is not restricted to the initial DL BWP.
Proposal 4: The QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs is indicated as a SSB index.
Proposal 5: Use the TRS configuration parameters in Table 1 as the starting point. Further signaling overhead reduction/optimization can be considered.
Proposal 6: The availability indication of the TRS/CSI-RS occasion(s) can be carried in SIB, paging DCI and/or PEI (if PDCCH is adopted for PEI).
Proposal 7: When the availability indication is carried in a DCI, it only carries the information for TRS/CSI-RS configuration(s) that correspond to the same beam as the DCI.
Proposal 8: When a TRS configuration is indicated as available, the idle/inactive UEs assumes that only a certain number of TRS occasion(s) before a PO is available.
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Appendix A: NZP-CSI-RS-ResourceSet and NZP-CSI-RS-Resource
	NZP-CSI-RS-ResourceSet ::=          SEQUENCE {
    nzp-CSI-ResourceSetId               NZP-CSI-RS-ResourceSetId,
    nzp-CSI-RS-Resources                SEQUENCE (SIZE (1..maxNrofNZP-CSI-RS-ResourcesPerSet)) OF NZP-CSI-RS-ResourceId,
    repetition                          ENUMERATED { on, off }                                                  OPTIONAL,   -- Need S
    aperiodicTriggeringOffset           INTEGER(0..6)                                                           OPTIONAL,   -- Need S
    trs-Info                            ENUMERATED {true}                                                       OPTIONAL,   -- Need R
    ...,
    [[
    aperiodicTriggeringOffset-r16       INTEGER(0..31)                                                          OPTIONAL   -- Need S
    ]]
}
NZP-CSI-RS-Resource ::=             SEQUENCE {
    nzp-CSI-RS-ResourceId               NZP-CSI-RS-ResourceId,
    resourceMapping                     CSI-RS-ResourceMapping,
    powerControlOffset                  INTEGER (-8..15),
    powerControlOffsetSS                ENUMERATED{db-3, db0, db3, db6}                 OPTIONAL,   -- Need R
    scramblingID                        ScramblingId,
    periodicityAndOffset                CSI-ResourcePeriodicityAndOffset                OPTIONAL,   -- Cond PeriodicOrSemiPersistent
    qcl-InfoPeriodicCSI-RS              TCI-StateId                                     OPTIONAL,   -- Cond Periodic
    ...
}
CSI-RS-ResourceMapping ::=          SEQUENCE {
    frequencyDomainAllocation           CHOICE {
        row1                                BIT STRING (SIZE (4)),
        row2                                BIT STRING (SIZE (12)),
        row4                                BIT STRING (SIZE (3)),
        other                               BIT STRING (SIZE (6))
    },
    nrofPorts                           ENUMERATED {p1,p2,p4,p8,p12,p16,p24,p32},
    firstOFDMSymbolInTimeDomain         INTEGER (0..13),
    firstOFDMSymbolInTimeDomain2        INTEGER (2..12)                                                         OPTIONAL,   -- Need R
    cdm-Type                            ENUMERATED {noCDM, fd-CDM2, cdm4-FD2-TD2, cdm8-FD2-TD4},
    density                             CHOICE {
        dot5                                ENUMERATED {evenPRBs, oddPRBs},
        one                                 NULL,
        three                               NULL,
        spare                               NULL
    },
    freqBand                            CSI-FrequencyOccupation,
    ...
}
CSI-FrequencyOccupation ::=         SEQUENCE {
    startingRB                          INTEGER (0..maxNrofPhysicalResourceBlocks-1),
    nrofRBs                             INTEGER (24..maxNrofPhysicalResourceBlocksPlus1),
    ...
}

maxNrofPhysicalResourceBlocks = 275



Appendix B: Related Agreements
RAN1#102-e
Agreements:
· New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.

Agreements:
The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 
-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).
-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.
-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required
-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 
- FFS for other RS types
-  FFS: Whether UE blind detection is required or not.

Agreements:
Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 
-           AGC, time/frequency tracking
-           FFS: RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication

Observation:
It is up to gNB implementation whether or not to transmit a TRS/CSI-RS to idle/inactive UEs even when the TRS/CSI-RS is not needed by connected UEs (e.g., when there is a connected mode UE in a cell but the UE is no longer using the TRS/CSI-RS, or when there is no longer connected mode UE in a cell, etc.)


Agreements:
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling
-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)
-           FFS for other signalling candidates (e.g., pre-configuration, etc.)
-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)

Agreements:
Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).
- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.

RAN1#103-e
Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).

Agreements:
· SIB signalling provides the configuration of TRS/CSI-RS occasion(s) for idle/inactive UE(s).
· Up to RAN2 to decide which SIB is to be used.
· Whether or not to additionally support other high-layer signalling methods (e.g., dedicated RRC, RRC release message, etc.) is up to RAN2
Send an LS to RAN2 informing the above agreements, and
· To further add that RAN1 is working on the detailed physical layer design 
Draft LS is endorsed, with final LS in R1-2009791.

Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Agreements:
- Target sending an LS to RAN2 and RAN4 to ask whether it is feasible to allow a UE to use the potential TRS/CSI-RS occasion to enhance the SSB based IDLE/Inactive mode evaluations of the serving cell. (to also include agreements from last meeting)
* Further discussion whether any additional information needs to be included in the LS or not, including potential re-wording of the leading sentence

[bookmark: _Hlk56167136]Agreements:
· Discuss further based on the following alternatives and down-select at RAN1#104-e:
· Alt 1: The availability of TRS/CSI-RS at the configured occasion(s) is NOT informed to the UE.
· Alt 2: The availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
· Alt 3. The conditional availability of TRS/CSI-RS at the configured occasion(s) is informed to the UE.
·  The condition can be, e.g., existence of paging.
· Alt 4. Combination of the above alternatives.
· FFS for details
· FFS for UE behavior when the availability is not informed.
· Other techniques are not precluded.
· Companies encourage to provide sufficient information for the proposal, e.g.,
· how to achieve power saving gain
· how to minimize impact on NW
· how to minimize extra UE implementation complexity
· feasibility check on sharing the TRS/CSI-RS between connected UEs and idle/inactive UEs
· Proposals should be consistent with the WID objective.

Conclusion:
· TRS/CSI-RS based PEI is discussed in AI 8.7.1.1.
· PEI functionality is not further discussed under AI 8.7.1.2.
· Note: This does not prevent to potentially use PEI to carry the indication for TRS/CSI-RS presence.

RAN1#104-e
Agreements:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB.
· nrofRBs,
· FFS other parameters
· FFS applicable values

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-eRAN1#105-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 

Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)

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).

Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.

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: TCI state 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 
· FFS details
· Other alternatives are not precluded


Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.
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