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Introduction
In RAN meeting #88e, the Rel-17 power saving enhancements WID has identified potential TRS/CSI-RS occasions as one of the  major areas for RAN1 work [1].
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
…
b) Specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, minimizing system overhead impact [RAN1]
· NOTE: Always-on TRS/CSI-RS transmission by gNodeB is not required
…


In RAN1 #103-e [2], further discussions were conducted for potential TRS/CSI-RS occasions. Several agreements and conclusions were made. In this contribution, we will discuss remaining issues for TRS/CSI-RS for idle/inactive UE power saving enhancements.
TRS/CSI-RS design 
With the TRS/CSI-RS for idle/inactive UEs, additional power saving gain may come from the reduced number of UE wakeups outside the paging occasion (PO) and extended deep sleep duration. In idle/inactive mode, the main reason for the UE to wake up is to decode SSBs for time, frequency tracking loops, AGC update and RRM measurement. In addition, if the SSB is very close to the PO, the UE can wake up once to receive the SSB and continue to process the PO. 
Because the TRS has a smaller number of REs per RB than that of the SSB, the TRS may not always have as many REs as the SSB for example within a bandwidth of 52 RBs. On the other hand, the TRS has a wider time span than the SSB. Then whether the TRS can outperform the SSB depends on whether more processing gain can be achieved from channel frequency diversity and finer (but narrower range) frequency error estimation due to the wider time span. In comparison to PDSCH, there is more flexibility for PDCCH to be more reliably decoded in presence of timing and frequency errors. Therefore, PDSCH benefits more from additional TRS/CSI-RS than PDCCH if TRS/CSI-RS can provide better tracking loop quality than SSBs.
Based on these discussions, we have following observations.
[bookmark: O1]Observation 1: Power saving gain of additional TRS/CSI-RS depends on the number of SSBs needed for loop update in the specific channel condition or for the specific UE implementation and location of the TRS/CSI-RS relative to the PO.
[bookmark: O2]Observation 2: Whether a TRS/CSI-RS can provide more processing gain than a SSB depends on channel frequency selectivity, bandwidth of the TRS/CSI-RS and frequency drifting rate.
[bookmark: O3]Observation 3: TRS/CSI-RS is especially beneficial for decoding broadcast PDSCH.
With the observation that the UE benefits from the additional TRS/CSI-RS mainly for PDSCH decoding, then, the TRS/CSI-RS is not needed and even the SSB needs not to be processed very frequently if PDSCH is not transmitted. It is reasonable that the UE only needs to assume the TRS/CSI-RS is present for a PO when paging message is transmitted to the UE. 
[bookmark: _Toc47536195][bookmark: P1]Proposal 1: If UE assumes TRS/CSI-RS is transmitted only when page message is transmitted for the UE, the TRS/CSI-RS can act as a paging early indication.
As discussed above, it is beneficial to have a TRS/CSI-RS close to or even overlap with the page message. If TRS/CSI-RS is overlapping with the PDSCH, UE can minimize RF on time for processing the signal/channel together. This has distinct power saving advantage as evident from the power model [2]: 
· For non-RRM evaluation, for “PDCCH+PDSCH” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDCCH+PDSCH” power
· For non-RRM evaluation, for “PDSCH only” concurrent in the same slot as “SSB or CSI-RS processing”, assume “PDSCH only” power 
[bookmark: O4]Observation 4: From power saving perspective, it is preferred to have the TRS overlap with or very close to the PDSCH. 
	

	TRS not overlapping with PDSCH


	

	Desirably, TRS is located close to the paging PDSCH, TDM or FDM with PDSCH



Because there are generally multiple POs in each paging cycle, it is necessary to have multiple TRS/CSI-RS occasions in each paging cycle to facilitate tracking loop update for UEs associated with different POs. Besides, even for the same PO, configuring multiple TRS/CSI-RSs can provide additional flexibility to network and UE implementation for potential extra power gain.
[bookmark: _Toc47536196][bookmark: P2]Proposal 2: The TRS/CSI-RS can be UE group based for idle/inactive UEs.
The TRS/CSI-RS is intended for tracking loop update for idle/inactive UEs. It is also possible to use this TRS/CSI-RS for RRM measurement. Then the number of wakeups may be further reduced, and additional power saving gain may be achieved. Regarding whether the TRS/CSI-RS can be used for UE RRM measurement, it was agreed in RAN1 #103e that such a usage for neighbor cell is not supported. As for serving cell, there was a discussion as shown below whether the RAN1 to RAN4 LS is needed. The intention was not to request RAN4 to define new test cases or performance requirement but just to let RAN4 be aware of the TRS/CSI-RS design for idle/inactive. We do not think such a RAN1 to RAN4 LS is needed. Instead RAN1 can inform RAN4 and also RAN2 about RAN1’s conclusions once the TRS/CSI-RS design is finalized.
	Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
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: _Toc47536198][bookmark: P3]Proposal 3: If TRS/CSI-RS is adopted, whether and how TRS/CSI-RS is used for RRM idle/inactive measurement is up to UE implementation. There is no need for RAN1 to request RAN4 to define new performance test.
For NR, the paging PDCCH and paging messages are transmitted on all beams for SSBs transmitted in the cell. This is shown by the figure below. When additional TRS/CSI-RS are configured to the UE, beams of the TRS/CSI-RS should match with beams of SSBs so that time/frequency tracking and AGC information obtained by the TRS/CSI-RS reflect channel condition for paging PDCCH and PDSCH on the SSB beams. Therefore, the additional TRS/CSI-RS should be configured with QCL source same as one of the transmitted SSBs.
[bookmark: P4]Proposal 4: A TRS/CSI-RS configured to the idle/inactive UE should be QCL’ed with a transmitted SSB of the serving cell. At least one RS is QCL’ed with each transmitted SSB of the serving cell.
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TRS/CSI-RS configuration
In RAN1 #103-e, it was agreed that at least SIB can be used to broadcast TRS/CSI-RS configuration to idle/inactive UEs within the cell. Other signaling methods can be up to RAN2. For example, if the idle/inactive mode UE has already received the TRS/CSI-RS configured when it is in connected mode, network only needs to tell the UE whether the TRS/CSI-RS is still available with potential update of the RS configuration. This signaling can be based on the RRCRelease message. 
[bookmark: O5]Observation 5: RRCRelease message can be used for network to inform the connected mode UE whether already configured TRS/CSI-RS is still available with potential update of the RS configuration when the connected mode UE enters idle/inactive mode. 
	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



A remaining issue from RAN1 #103-e was whether and how the availability of TRS/CSI-RS is indicated to the idle/inactive mode UE. If the TRS/CSI-RS availability is not indicated, UE needs to perform blind detection of the TRS/CSI-RS. 

	[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.



Suppose that a TRS/CSI-RS is not used as paging early indication but only for tracking loop update. 
For Alt 1, the blind detection consistently increases UE implementation complexity and consumes more power because UE has to perform additional detection operation to determine whether the RS is present. This inevitably impacts the tracking loops. For example, if the network does not transmit a configured TRS, the UE’s AGC will be confused as it cannot tell whether it is because the TRS is not transmitted or because the UE is experiencing deep fading. In addition, energy for processing unavailable TRS/CSI-RS is consistently wasted. This also unnecessarily requires new RAN4 test cases to be defined for the blind detection of TRS/CSI-RS. 
For Alt 2, the worst-case network energy waste may just correspond to TRS/CSI-RS transmission required for the UE to update its tracking loops to receive the availability indication (e.g., in the paging early indication or paging DCI) in the first DRX cycle after the TRS/CSI-RS is not needed by any connected mode UE. This is a transient behavior of network. Alt 2 is a UE implementation and power saving friendly design. For Alt 2, network impact is minimal if the RS availability is included in a dynamic signaling (e.g., paging early indication) or indicated by presence or absence of RS configuration in SIB. 
For Alt 3, if the TRS/CSI-RS transmission is conditional on whether the UE is paged, it may result in a “always-on” effect if the paging rate increases. Per WID of the always-on TRS/CSI-RS transmission should be avoided.
[bookmark: O6]Observation 6: Regarding the three alternatives for availability indication of TRS/CSI-RS
· Alt 1 consistently increases UE implementation complexity and power consumption. It also requires additional RAN4 performance to be defined for the blind detection of TRS/CSI-RS
· Alt 2 is UE implementation and power saving friendly. Network impact is small because the potential additional transmission after the TRS/CSI-RS is not needed by connected mode UEs is a transient behavior
· Alt 3 may result in partially “always-on” transmission of the TRS/CSI-RS if it is conditional on UE paging.
[bookmark: P5]Proposal 5: network should provide the availability indication of TRS/CSI-RS in paging early indication or paging PDCCH.
In the following, we discuss options for L1 signaling to indicate the availability of TRS/CSI-RS for idle/inactive mode UEs. If paging early indication is based on the paging DCI, the RS availability information can be carried by unused bits of the DCI format 1_0. The reserved bits field can be used to indicate whether a UE’s associated UE group is paged. In addition, if value of the Short Message Indicator is 01, the Short Message field (8bits) is reserved. Otherwise, the last 5 bits of the Short Message field are still unused. If the DCI only includes the short message, scheduling field of paging PDSCH can be used. However, if UE sub-grouping indication is supported by the paging early indication, the unused bits should be partitioned into two sets for sub-grouping indication and RS availability indication, respectively.
[bookmark: O7]Observation 7: Unused bits of the paging PDCCH can be used to indicate availability of the TRS/CSI-RS. These include
· Reserved bits to indicate the paged UE groups in the PO
· Unused bits 4 to 8 in the Short Message field
· If Short Message Indicator is 01, the entire Short Message field
· If Short Message Indicator is 10, the scheduling field.
Unused bits are partitioned between the sub-grouping indication and RS availability indication functions.
If DCI format 2_6 is used as the paging early indication, it is naturally a UE group based signaling. In addition, DCI format 2_6 can be used to indicate SCell dormancy for groups of SCells configured to connected mode UEs. For Rel-17 idle/inactive, it is convenient to replace the SCell dormancy indication function with the availability indication of additional CSI-RS/TRS. Similar to SCell dormancy, CSI-RS/TRS groups can also be defined to manage the signaling overhead.
[bookmark: O8]Observation 8: If DCI format 2_6 is used as paging early indication for idle/inactive mode UEs, it can carry indication of availability of the additional TRS/CSI-RS in a similar way to SCell dormancy indication for connected mode UEs.
If RS/sequence-based paging early indication is adopted, information that can be carried by RS/sequences configured for the same UE sub-group is very limited. In this case, the paging early indication may be able to only indicate the availability of all configured TRS/CSI-RSs, i.e., either all TRS/CSI-RSs are available to the idle/inactive UE or not available.
[bookmark: O9]Observation 9: If paging early indication is based on RS/sequence, only one bit information is provided to indicate whether all configured TRS/CSI-RSs are available to the idle/inactive UE or not available.
For paging enhancements, UE sub-grouping and paging early indication can also be achieved by L1 signaling in PDCCH. Design of these three techniques should be jointly performed. 
[bookmark: P6]Proposal 6: Paging early indication, UE sub-grouping and availability indication of additional TRS/CSI-RS should be jointly designed if they are adopted.
Conclusions
In this paper, we discussed TRS/CSI-RS design and signalling for Rel-17 connected mode power saving. The following observations and proposals are made.
Observation 1: Power saving gain of additional TRS/CSI-RS depends on the number of SSBs needed for loop update in the specific channel condition or for the specific UE implementation and location of the TRS/CSI-RS relative to the PO.
Observation 2: Whether a TRS/CSI-RS can provide more processing gain than a SSB depends on channel frequency selectivity, bandwidth of the TRS/CSI-RS and frequency drifting rate.
Observation 3: TRS/CSI-RS is especially beneficial for decoding broadcast PDSCH.
Observation 4: From power saving perspective, it is preferred to have the TRS overlap with or very close to the PDSCH. 
Observation 5: RRCRelease message can be used for network to inform the connected mode UE whether already configured TRS/CSI-RS is still available with potential update of the RS configuration when the connected mode UE enters idle/inactive mode. 
Observation 6: Regarding the three alternatives for availability indication of TRS/CSI-RS
· Alt 1 consistently increases UE implementation complexity and power consumption. It also requires additional RAN4 performance to be defined for the blind detection of TRS/CSI-RS
· Alt 2 is UE implementation and power saving friendly. Network impact is small because the potential additional transmission after the TRS/CSI-RS is not needed by connected mode UEs is a transient behavior
· Alt 3 may result in partially “always-on” transmission of the TRS/CSI-RS if it is conditional on UE paging.
Observation 7: Unused bits of the paging PDCCH can be used to indicate availability of the TRS/CSI-RS. These include
· Reserved bits to indicate the paged UE groups in the PO
· Unused bits 4 to 8 in the Short Message field
· If Short Message Indicator is 01, the entire Short Message field
· If Short Message Indicator is 10, the scheduling field.
Unused bits are partitioned between the sub-grouping indication and RS availability indication functions.
Observation 8: If DCI format 2_6 is used as paging early indication for idle/inactive mode UEs, it can carry indication of availability of the additional TRS/CSI-RS in a similar way to SCell dormancy indication for connected mode UEs.
Observation 9: If paging early indication is based on RS/sequence, only one bit information is provided to indicate whether all configured TRS/CSI-RSs are available to the idle/inactive UE or not available.

Proposal 1: If UE assumes TRS/CSI-RS is transmitted only when page message is transmitted for the UE, the TRS/CSI-RS can act as a paging early indication.
Proposal 2: The TRS/CSI-RS can be UE group based for idle/inactive UEs.
Proposal 3: If TRS/CSI-RS is adopted, whether and how TRS/CSI-RS is used for RRM idle/inactive measurement is up to UE implementation. There is no need for RAN1 to request RAN4 to define new performance test.
Proposal 4: A TRS/CSI-RS configured to the idle/inactive UE should be QCL’ed with a transmitted SSB of the serving cell. At least one RS is QCL’ed with each transmitted SSB of the serving cell.
Proposal 5: network should provide the availability indication of TRS/CSI-RS in paging early indication or paging PDCCH.
Proposal 6: Paging early indication, UE sub-grouping and availability indication of additional TRS/CSI-RS should be jointly designed if they are adopted.
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