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1 Introduction
In this contribution, we provide the remaining design details of TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. 
2 L1-based availability indication design
2.1 Issue #1: validity duration
The validity duration of L1-based TRS/CSI-RS availability indication has been agreed in RAN1#106-bis-e [1]
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[2], but the time duration and reference point for validity duration have not been decided. In this section, we will provide the suggested design based on the agreement quoted below:
	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




The validity duration is determined by the time duration (length) and the reference point (time to start). Firstly, we start with time duration. To make sure the TRS availability information is useful to UE, a validity duration is suggested to accommodate all possible paging DRX cycles, including the default paging cycle and UE specific paging cycle. Otherwise, the TRS availability indication may not be useful. Take default paging cycle as an example, if the default paging cycle is shorter than the UE-specific DRX cycle, the UE never detect the available TRS before the next PO, as illustrated in Figure 1.
Observation 1: For availability indication by paging PDCCH, UE may not benefit from TRS if the validity duration is based on a different paging cycle length from what UE is configured.
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Figure 1. TRS availability indication is not useful with shorter time duration than UE paging cycle
However, if UE-specific DRX cycle is configured, network has to maintain the different validity duration based on UE-specific DRX cycle. In order to reduce the management complexity, the maximum paging cycle is recommended to be configured as the applicable values of valid duration. Using maximum paging DRX cycle as the unit of valid duration can avoid the issue as illustrated in Figure 1.  
Proposal 1:  Use maximum paging DRX cycle, 2.56 sec, as the unit of validity duration.
Another issue is whether UE doesn’t expect inconsistent L1 based indication during the time duration. In our view, the limitation of updating TRS availability information after validity duration will make this feature lack of flexibility. As mention before, to serve the UE who has lower paging rate, a longer paging cycle may be selected as the validity duration.  If the connected mode UE leaves during the validity duration, network cannot update the available TRS information until the validity duration expires. To resolve the flexibility limitation, short application delay can be introduced. The UE can adapt to the updated information after the short application delay.

Proposal 2: Application delay of TRS availability indication, [5] ms, is introduced.
After analyzing the time duration, let us look at reference point. To facilitate the validity duration management, a unified reference point is preferred. Compared to other alternatives, Alt 2 is suggested. As illustrated in Figure 2, Alt 1 may not provide useful TRS availability indication for PO in the first PF of DRX cycle while Alt 2 can resolve this problem by configuring an appropriate validity duration. As for Alt 3, it also has similar problem as Alt 1. In addition, by setting an appropriate validity duration, Alt 2 can also provide the useful TRS information with PEI-based indication, as shown in Figure 3.
Observation 2: Alt 2 can provide useful TRS availability indication for all POs.

· Alt 1 cannot provide useful TRS availability indication for a PO in the first PF of paging DRX cycle
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Figure 2. TRS information provided by Alt 2 is useful for PO in the first PF in the DRX.
Observation 3: Alt 2 is unified solution to provide availability information with either paging PDCCH or PEI.

[image: image3.png]DRX cycle

(Alt 2) avallable indication

(Alt 2) TRS validity time indicated by PElI





Figure 3. Alt 2 can also provide the useful information which is indicated by PEI.
Proposal 3: Support Alt2 as the reference point

· The same reference point is utilized for paging PDCCH and PEI.
2.2 Issue #2: indication content
In this section, we will provide proposals to resolve the remaining issues on how to indicate TRS/CSI-RS availability information through L1-based signalling. 

	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




Since there are two types of L1 availability indications, paging PDCCH based indication and PEI based indication, there are some discussions on 

· Whether to set different upper bound of bitmap size based on the type of L1 availability indication

· Whether to specify the content carried by PEI based L1 based availability indication
For the sake of progress, we suggest to reuse the format/content of paging PDCCH based indication. That is, PEI based L1 availability indication shares the same bitmap size with paging PDCCH based indication. And PEI based indication can provide availability information for RS with QCL references not confined to be the same as for the L1 availability indication occasion.
Proposal 4: The bitmap size X of PEI can be same as the paging PDCCH. 

Proposal 5: PEI DCI provides L1 availability indication information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion.

Another issue is whether to support that L1 availability indication at an occasion can provide availability information for all configured RS resources. In our view, L1 availability indication only needs to indicate some configured RS resources so as to fit in the available bit number in paging PDCCH. Thus, we have the following proposal.
Proposal 6: Due to limited number of reserved bits in paging PDCCH, support to provide the information only for some configured RS resources.

2.3 Issue #3: Unified availability signalling methods
In RAN1#106-bis-e meeting [1]
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[2], it is controversial on whether to prioritize paging PDCCH based signaling method for the availability indication of TRS/CSI-RS occasions for idle/inactive UEs. Based on the discussion in section 2.1 and section 2.2, it is clear that same design can be applied to both paging based and PEI based available indication.
Proposal 7: Confirm the following working assumption for TRS/CSI-RS availability information:

Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

· FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Because the design of L1 based availability indication is now complete, we suggest to also confirm the following working assumption:

Proposal 8: Confirm the following working assumption:
Working Assumption

If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 

3 Conclusion
In this contribution, we provide suggested design details for TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. Based on the discussions, we have the following observations and proposals.
Observation 1: For availability indication by paging PDCCH, UE may not benefit from TRS if the validity duration is based on a different paging cycle length from what UE is configured.
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Figure 1. Available TRS may not be accessible if using # of default paging cycle as time duration
Proposal 1:  Use maximum paging DRX cycle, 2.56 sec, as the unit of validity duration.
Proposal 2: Application delay of TRS availability indication, [5] ms, is introduced.
Observation 2: Alt 2 can provide useful TRS availability indication for all POs.
· Alt 1 cannot provide useful TRS availability indication for a PO in the first PF of paging DRX cycle

[image: image5.png]D RXAcyCI e

P
(0]

TRS available duration
‘ (Alt 1) available indication 3‘

%(Alt 1) TRS validity time indicated by PO

(Alt 2) available indication

-

(Alt 2) TRS validity time indicated by: PO




Figure 2. TRS information provided by Alt 2 is useful for PO in the first PF in the DRX.
Observation 3: Alt 2 is unified solution to provide availability information with either paging PDCCH or PEI.
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Figure 3. Alt 2 can also provide the useful information which is indicated by PEI.
Proposal 3: Support Alt2 as the reference point
· The same reference point is utilized for paging PDCCH and PEI.
Proposal 4: The bitmap size X of PEI can be same as the paging PDCCH.
Proposal 5: PEI DCI provides L1 availability indication information for RS resources with QCL references not confined to be the same as for the L1 availability indication occasion.
Proposal 6: Due to limited number of reserved bits in paging PDCCH, support to provide the information only for some configured RS resources.
Proposal 7: Confirm the following working assumption for TRS/CSI-RS availability information:
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.

Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.

· FFS whether and how to enable/disable L1 based availability indication configurable by SIB
Proposal 8: Confirm the following working assumption:
Working Assumption

If TRS resource is configured in SIB, L1 based availability indication is always enabled based on the configuration. 
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