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1. Introduction
At the RAN1#106b-e meeting, TRS/CSI-RS occasion for idle/inactive UEs were discussed and RAN1 made following agreements [1].
	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
 
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

Agreement
Configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs include a list of one or more TRS resource sets, where:
        a TRS resource set can be configured to include
o   a set of TRS resources up to two consecutive slots,
  Note: a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol.
o   at least common configuration parameters:
  a QCL reference
  firstOFDMSymbolInTimeDomain,
  ‘frequencyDomainAllocation for row1’, ‘startingRB’ ,‘nrofRBs’,’powerControlOffsetSS’, periodicityAndOffset’
  FFS
        scramblingID,
        a TRS resource set ID, number of slots {1, 2} or number of symbols {2, 4} if supported
        Note: the ‘TRS resource set’ configuration is not (necessarily) identical to ‘NZP-CSI-RS-ResourceSet’ configuration for TRS in R15/16.



In this contribution, we discuss potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs.

2. Discussion
2.1. Explicit availability Indication 
Currently, Idle/inactive-mode UE uses only SSB transmitted at a cell as reference signal for the behaviour such as time/frequency tracking. However, when TRS/CSI-RS is transmitted for connected-mode UE which camps on the cell, the opportunity when the idle/inactive-mode UEs can obtain reference signal can be increased in order to reduce UE power consumption while system overhead is not increased. 
In the last meeting, we discussed whether or not to inform the idle/inactive UE of the availability of TRS/CSI-RS at the configured occasion(s) by PEI and/or Paging DCI. In our understanding, PEI is the best way for informing availability of TRS because there is no additional signal for UE and NW, and it can indicate the availability right before TRS location. 
at the RAN1#106-e meeting and RAN#93-e meeting, the followings were agreed.
	 (Conclusion for Issue 1, Section 7, RP-212611)
Support PDCCH-based PEI as the only option
…
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats



[bookmark: _GoBack]In our understanding, ‘same mechanism/principle for TRS availability indication’ means same DCI field design. That is, it is necessary to apply the best method for either of them to both Paging DCI and PEI. Paging DCI provide availability information for all configured RS resources. Considering UEs that support additional TRS and do not support PEI, it would be better to apply the optimal design for Paging DCI to PEI as well. This means that some bits in the PEI payload bit are allocated to the TRS availability information. In the discussion in section 8.7.1.1, given that the payload bit of the PEI is considered to be around 16 or 32 bits, if the PEI is associated with multiple POs and notifies grouping information at the same time, there will be no room to allocate some bits in PEI for TRS availability. On the other hands, if the PEI is associated with single PO and good coverage, there will be room to allocate some bits in PEI for TRS availability.
However, regarding this point, each company seems to have a different view e.g., ‘same mechanism/principle for TRS availability indication’ means different DCI field design, e.g. the number of bits can be configured differently in Paging DCI and PEI. If the above interpretation is acceptable, payload bits become less burdensome while power saving gain from availability indication via PEI remains the same. Thus, PEI should be adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE.
Proposal 1: Paging early indication should be adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE.
2.2 Valid duration for L1 based availability indication
The availability indication by paging DCI is suitable for the use cases where the TRS availability remains unchanged frequently. For example, when the availability is informed by paging PDCCH, the timer (re)starts, and then UE assumes TRS/CSI-RS can be obtained until the timer expiration. After the timer expires, i.e., paging PDCCH including the availability indication has not been received for the timer period, the UE assumes no TRS/CSI-RS can be obtained. The configuration of the timer period can be indicated, e.g., via SIB. 
In the last meeting, we agree 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

When the paging DCI is used to indicate the available TRS, we prefer to Alt1, in other words, reference point can be set as start of next DRX cycle where UE receives the indication since UE doesn’t receive TRS for synchronization in current DRX cycle. 
On the other hands, when the PEI is used to indicate the available TRS, we prefer to the reference point of PEI is start of the PF for the PO where UE receives the indication since UE basically receive TRS for synchronization in current DRX cycle. In the case of PEI, UE is indicated to wake up PO except that go-sleep using sub-grouping indication via PEI.

Proposal 2: The reference point depends on what kind of L1 indication is used. 
· When the paging DCI is used to indicate the available TRS, we prefer to Alt1
· When the paging PEI is used to indicate the available TRS, we prefer to Alt4

In addition to above, we agree the time duration can be optionally configured by gNB and 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

From among the above, we support Alt3 to avoid the misalignment between the gNB and the UE. Since there is no method for the UE to correctly receive the change in L1 availability indication, we don’t prefer to Alt2/3.
Proposal 3: when the time duration is not configured, UE assume gNB transmits TRS until default time duration.
2.2 Configuration
In the previous meeting, we discussed how to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE. In the case where multiple TRS resource set(s) are configured for idle/inactive UE, it is important to reduce the SIB overhead. In the last meeting, we agreed that the definition of a TRS resource set can be configured to include a set of TRS resources up to two consecutive slots and common configuration parameters in ‘a TRS resource set.’ Another way to reduce the SIB overhead is to apply the common configuration parameter among all TRS resources (a TRS resource is same as Rel-15/16, i.e. a CSI-RS in a symbol). Some configuration parameters, e.g. at least startingRB and nrofRBs, can be common configuration parameter among all TRS resources because the value of those should be typically same among TRS resources. Thus, it is not necessary to notify UE of specific parameters per each resource. 
Proposal 4:  The common configuration parameter among all TRS resources should be supported to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE.

3. Conclusion
In this contribution, potential TRS/CSI-RS occasion(s) available in connected mode UEs to idle/inactive mode UEs was discussed. Based on the discussion, the following observations and proposals were made:
Proposal 1: Paging early indication should be adopted to indicate the availability of TRS/CSI-RS for idle/inactive mode UE.
Proposal 2: The reference point depends on what kind of L1 indication is used. 
· When the paging DCI is used to indicate the available TRS, we prefer to Alt1
· When the paging PEI is used to indicate the available TRS, we prefer to Alt4
Proposal 3: when the time duration is not configured, UE assume gNB transmits TRS until default time duration.
Proposal 4:  The common configuration parameter among all TRS resources should be supported to reduce the SIB overhead for TRS/CSI-RS for idle/inactive mode UE.
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