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Introduction
[bookmark: _Hlk53783455][bookmark: _Hlk53780111]During RAN1 #102-e meeting, RAN1 made following agreements regarding TRS/CSI-RS occasions for idle/inactive-mode UE power saving [1]:
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.

In this document, we provide our views on provision of TRS/CSI-RS for idle/inactive UEs.
Discussion

RS Types & UE blind detection
gNB could configure potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs. It has been agreed at least periodic TRS is supported as additional RS, but other RS types are FFS. Other RS types include: 
3 types of CSI-RS, 
· Opt 1-1. CSI-RS for CSI: 
· Opt 1-2. CSI-RS for beam management
· Opt 1-3. CSI-RS for mobility 
2 types of CSI-RS time behaviour,
· [bookmark: _Hlk53492714]Opt 2-1. Semi-persistent
· [bookmark: _Hlk53492724]Opt 2-2. Aperiodic
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]CSI-RS for CSI/beam management/mobility can provide flexibility for the configuration of additional RS. Meanwhile, the functionality of additional RS is still for further study. If the additional RS can be used for RRM measurement, etc, these other types of CSI-RS may provide additional gains. So, we think the support of other RS types (e.g., CSI-RS for CSI/beam management/mobility) can be discussed with the additional RS functionalities.
Proposal 1: The RS types (for CSI/beam management/mobility) can be discussed with the additional RS functionalities.
Semi-persistent and aperiodic RSs transmission needs to be activated by MAC CE or DCI, respectively. If these types of CSI-RS activation are supported for idle/inactive UEs, the system overhead will be increased. Besides, this leads to higher power consumption of UEs in idle/inactive mode. For this reason, we think it’s better not to use Rel-15/16 type of semi-persistent and aperiodic CSI-RSs as additional RS.
For UE blind detection of the configured TRS/CSI-RS occasion(s), whether UE blind detection is required or not is still FFS. We think UE blind detection will increase UE power consumption and weaken the gain provided by additional RS. Therefore, UE blind detection of CSI-RS is not supported. It is better that the network could inform the availability of TRS/CSI-RS to idle/inactive UE, which is discussed in section 2.4.
Proposal 2: UE is not required to blindly detect the configured TRS/CSI-RS occasion(s).
Functionality
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]AGC and time/frequency tracking have been agreed as the functionalities of additional RS, but the functionalities of RRM measurement for serving/neighbour cell and paging reception indication are FFS.
The benefits of WID objective b) in [2] is captured in TR38.840 as quoted below:
While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
-	Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
-	Additional resource around the measurement occasion, e.g., for AGC assistance
-	Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.
It is observed that benefits of objective b) are based on the above three aspects. It is obvious that RRM measurement using the CSI-RS in idle/inactive mode can bring performance improvements with more accurate measurement results. However, the impact on RAN2 and RAN4 should be considered.
Observation 1: The functionality of RRM measurement can bring performance improvements with more accurate measurement results. However, the impact on RAN2 and RAN4 should be considered.
Configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s)
Based on the agreements in RAN1#102-e meeting, signalling candidates for the configuration are e.g., SIB, dedicated RRC, RRC release message, and pre-configuration. Next, we provide our considerations on these candidates.
· SIB
As one option, the information of TRS/CSI-RS as additional RS can be configured via SIB, which is broadcasted. A paging frame (PF) and a paging occasion (PO) of the PF for a UE is determined based on a UE ID. For some cases, the time gap between the broadcasted TRS/CSI-RS occasion and UE-specific PO may be quite different for different UEs. For instance, as shown in Figure 1, the nearest TRS/CSI-RS may align with the PO of UE1; however, the nearest TRS/CSI-RS may be far away from the PO of UE2 by two SSBs. This causes the UE wake up and warm up the channel before the PO with different duration. The benefit of idle/inactive mode TRS/CSI-RS includes minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.). Instead, SIB can configure a subset of paging frames in a DRX/paging cycle and/or a subset of paging occasions of a paging frame of the subset of paging frames with TRS occasions by taking into account configurations of a SSB periodicity, a DRX/paging cycle, the number of paging frames per DRX/paging cycle, and the number of paging occasions per paging frame. Whether TRS/CSI-RS is needed for time and frequency tracking may be dependent on a distance from the closest SSB occasion earlier than a paging PDCCH monitoring occasion of a paging occasion of a paging frame to the paging PDCCH monitoring occasion. Thus, a network can optimize configuration of TRS/CSI-RS occasions considering a time gap between the closest SSB occasion and the paging PDCCH monitoring occasion. 

Figure 1. Illustration of cell-specific TRS/CSI-RS
· Dedicated RRC/ RRC release message
The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) can be provided by dedicated RRC signalling, such as TRS/CSI-RS related RRC information elements or RRC release message, when UE in connected mode. The network can configure specific additional RSs for the UE to shorten the wake-up time. UE won’t need to receive too many RSs configuration. However, the UEs camping on the cell first time couldn’t receive the configuration of TRS/CSI-RS occasion(s). These UEs should perform SSB-based AGC update, T-F tracking and RRM measurement. Yet this may only take a small part time of the UE in this cell, which won’t influence the benefit of additional RS much.
· Pre-configuration
A set of TRS/CSI-RS can be pre-configured by SIB, specifications or dedicated RRC. Then network can use DCI or other signals to inform UE the actual transmitted TRS/CSI-RS. The flexibility of configuration may be limited. But it may be easy to update the configuration of TRS/CSI-RS, because the network only needs to update the identity of the TRS/CSI-RS that is actually transmitted.
Proposal 3: Support SIB, dedicated RRC, and pre-configuration with dynamic selection as the configuration signalling.
As for detailed configuration parameters, we provide our considerations on whether and how to reduce the signalling overhead for configuration of CSI-RS/TRS. In NR, to configure a TRS/CSI-RS, network needs to signal a set of parameters. The structure of the configuration is shown below.
[bookmark: _GoBack]
Figure 2. CSI-RS configuration structure
It is seen from Figure 2 that if the network needs to configure multiple sets of TRS/CSI-RS, the overhead for TRS/CSI-RS configuration is high. The issue of high overhead will be more obvious, especially if TRS/CSI-RS is configured through SIB whose maximum TBS should be limited. So we think it is necessary to reduce the signalling overhead for the CSI-RS/TRS configuration for idle/inactive UEs. 
Observation 2: It is necessary to reduce the signalling overhead for configuration.
Besides, the TRS/CSI-RS resource set is associated with a BWP. The activities (paging, T/F tracking, AGC update, RRM measurement for serving cell) of idle/inactive UEs are operating on initial BWPs except for RRM measurement for neighbour cell, which may operate on other frequency bands. To enable idle/inactive UEs to use additional RS for AGC update/T-F tracking/RRM measurement for serving cell, the TRS/CSI-RS occasions shared to the idle/inactive mode UEs may be configured on the initial BWP or in a band that is overlapped with the initial BWP.
As for how to reduce the signalling overhead for configuration, it is straightforward that some parameters might be configured with restrictions. In current 3GPP specification, TRS is configured with some restrictions, for instance, the number of CSI-RS resource ports is fixed at 1 and the density is fixed at 3; the time-domain locations in a slot or in two consecutive slots are selected from a set of candidates; and all CSI-RS resources have the same bandwidth and subcarrier location. If the additional RS type is TRS, the overhead is less than other types of CSI-RS. Furthermore, network can configure TRS/CSI-RS for idle mode UE with more restrictions to reduce the signalling overhead. The restrictions can be achieved through predefining the parameters for TRS/CSI-RS transmission. For example, in addition to the restrictions for TRS, certain information of T-F domain resource can be restricted. Network can reduce signalling overhead by sacrificing the flexibility of T-F domain resource configuration. As another option, network can update a previous configuration by a set of parameters to configure a new TRS/CSI-RS for idle/inactive UEs. The set of parameters can be any of the configurations in TRS/CSI-RS configuration structure. Other parameters not included in the set of parameters are determined by the previous configuration. Compared to the method of pre-defined in the specification, this method is more flexible and does not require restrictions on TRS/CSI-RS configuration
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Proposal 4: The following methods can be considered as the candidates to reduce the signalling overhead for configuration:
· Predefine or fix a part of TRS/CSI-RS parameters in specification
· Update a subset parameter of TRS/CSI-RS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of a NZP-CSI-RS resource set, derive configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
[bookmark: _Ref54208189][bookmark: OLE_LINK1][bookmark: OLE_LINK71][bookmark: OLE_LINK72]Whether and how to inform the availability of TRS/CSI-RS to idle/inactive UE
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]There is a note in agreements in RAN1#102-e meeting: it is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted. If UE doesn’t know the availability of TRS/CSI-RS occasion(s), the AGC or time/frequency tracking may be affected. The benefits of providing TRS/CSI-RS occasion(s) to idle/inactive-mode UEs will be weakened. So, we think it is necessary to inform the availability of TRS/CSI-RS to idle/inactive UE to get more benefits. 
Propose 5: It is necessary to inform the availability of TRS/CSI-RS to idle/inactive UE to get more benefits.
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]The availability of TRS/CSI-RS can be informed dynamically by DCI. In one example, a paging power saving-PDCCH presented in our companion tdoc [3] can provide TRS/CSI-RS availability information (e.g. information of whether a UE can assume that TRS is transmitted by gNB on all configured TRS occasions of a particular DRX/paging cycle and/or information of TRS occasions of the particular DRX/paging cycle, where TRS is available). In another example, the reserved bits in paging DCI or unused bits in short messages can be used for the indication. Or network can configure a validity time interval for a TRS/CSI-RS configuration. The TRS/CSI-RS configuration may be unavailable after the validity time interval. Otherwise, network can inform the availability of TRS/CSI-RS by updating the configuration. If UE receives a new configuration of TRS/CSI-RS, the previous configuration will be unavailable.
Proposal 6: The following methods can be considered as the candidates to inform the availability of TRS/CSI-RS to idle/inactive UE:
· Use reserved bits in paging DCI or unused bits in short messages 
· Provide TRS availability information via paging power saving (PPS) PDCCH
· Configure a validity time interval for the configuration
· Updating the configuration to inform the unavailability of previous configuration
Conclusion
In summary, we have the following proposals for TRS/CSI-RS occasion(s) for idle/inactive UEs:
· Proposal 1: The RS types (for CSI/beam management/mobility) can be discussed with the additional RS functionalities.
· Proposal 2: UE is not required to blindly detect the configured TRS/CSI-RS occasion(s).
· Observation 1: The functionality of RRM measurement can bring performance improvements with more accurate measurement results. However, the impact on RAN2 and RAN4 should be considered.
· Proposal 3: Support SIB, dedicated RRC, and pre-configuration with dynamic selection as the configuration signalling.
· Observation 2: It is necessary to reduce the signalling overhead for configuration.
· Proposal 4: The following methods can be considered as the candidates to reduce the signalling overhead for configuration:
· Predefine or fix a part of TRS/CSI-RS parameters in specification
· Update a subset parameter of TRS/CSI-RS configuration
· Based on configuration parameters of one NZP-CSI-RS resource of a NZP-CSI-RS resource set, derive configuration parameters of remaining NZP-CSI-RS resources of the NZP-CSI-RS resource set
· Propose 5: It is necessary to inform the availability of TRS/CSI-RS to idle/inactive UE to get more benefits.
· Proposal 6: The following methods can be considered as the candidates to inform the availability of TRS/CSI-RS to idle/inactive UE:
· Use reserved bits in paging DCI or unused bits in short messages 
· Provide TRS availability information via paging power saving (PPS) PDCCH
· Configure a validity time interval for the configuration
· Updating the configuration to inform the unavailability of previous configuration
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