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1	Introduction
In UE power savings WI for Rel-17 (latest WID in RP-200938, RAN#88), the following items were agreed regarding enhancements for idle/inactive-mode UE power saving.
1. Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
0. Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #102-e meeting
0. 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 this paper, we focus on the second item, i.e., specifying means to provide potential TRS/CSI-RS available in the connected mode to idle/inactive mode UEs (for convenience, also referred to as idle UEs in some places in this document). 
2	Evaluation of UE PS gain and NW power consumption by different TRS availability provisioning methods
In RAN1#103-e, the following agreement was made regarding how the UE can become aware of the actual transmission of TRS in the provided TRS occasions.
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.
In this part, we discuss the pros and cons of different options considering the following : 
· Evaluation of UE power savings gain
· NW overhead and power consumption 

A typical idle UE which is configured with DRX, wakes up at the end of every DRX cycle (e.g., 1.28 sec as considered in this section) to monitor paging, in its PO (Paging Occasion). Furthermore, the idle UE should maintain synchronization by measuring SSB(s) as necessary to decode PDCCH/PDSCH successfully. Considering UE power savings, as well as synchronization stability, it is expected that the UE would measure the latest SSB before the PO. Based on the duration to upcoming PO (up to e.g. 20ms for FR1), the UE can either go to sleep (light or micro) until the PO. 
TRS can be potentially advantageous for UE PS when the UE needs 2 or 3 SSBs for preparation before PO monitoring. UE can expect to achieve PS if TRS is located in between the SSBs which it may use for synchronization. E.g., if the UE needs two SSBs before a PO, and thus a SSB-SSB-PO setup, and if TRS is in between the two or after the latest SSB, i.e., a SSB-TRS-PO setup then the UE can use that to shorten the synchronization time, and lower its power consumption. 
For evaluation purposes, we consider a scenario where the latest SSB occurs 10ms before PO. 
For the baseline power consumption, we consider a case where a UE which does not have access to TRS, needs to employ two SSBs for synchronization before the PO, i.e., a setup of SSB+SSB+PO. If TRS is present, one of the SSBs can be skipped while UE uses TRS instead (i.e., SSB+TRS+PO instead of a SSB+SSB+PO).
Therefore, we can compare the case when the UE uses 1 SSB and 1 TRS before a PO to the baseline that the UE only uses two SSBs.  
Furthermore, we consider the following cases for how UE identifies that TRS is present in a TRS occasion
· Option 1: UE is explicitly informed that TRS is available in a potential occasion (can be based on different availability options in the previous agreement), 
· Option 2: UE is not informed of the availability and UE performs blind detection (BD) to identify whether a TRS occasion contains TRS or not. 

To evaluate the BD of TRS, it is assumed that the UE uses its full receiver, and the UE can detect TRS presence in the first two symbols of a TRS occasion (or the first slot of TRS) and use the corresponding TRS if present, and if the TRS is not present, then the UE can skip the rest of TRS occasion. In this case the UE power consumption in addition to what it needs to consume for 2SSB measurements, is an additional TRS slot in between, and potentially an additional microsleep power in case there is not enough time between SSB and TRS to go to light sleep.
In the non-BD cases, the TRS may still be present only a fraction of the time, but the UE has advance information and will only wake up for the second SSB in the absence of TRS.
Table 1 shows the UE power savings for the two cases that are discussed above (i.e., two SSB benchmark case and 1SSB and 1TRS case if TRS is present), and for different TRS offset values. Modeling includes micro-sleep in the intermediate symbols of TRS.
Table 1. Idle mode UE power consumption and saving gain with TRS (SSB is 10ms before PO).
	 Signals Used
	
	
	
	
	

	
	Idle Power consumption, gain
(TRS is always present)
	Idle Power consumption, gain
 (70% TRS presence)
	Idle Power consumption, gain
 (70% TRS presence and BD)
	Idle Power consumption, gain
 (50% TRS presence)
	Idle Power consumption, gain
 (50% TRS presence and BD)

	SSB only
	2.0140
	2.0140
	2.0140
	2.0140
	2.0140

	SSB+TRS: TRS is 1ms after SSB
	1.6775, 16.7%
	1.7784, 11.7%
	1.7942, 10.9%
	1.8457, 8.4%
	1.8720, 7.1%

	SSB+TRS: TRS is 5ms after SSB
	1.7626, 12.5%
	1.8380, 8.7%
	1.8838, 6.5%
	1.8883, 6.2% 
	1.9645, 2.5%

	SSB+TRS: TRS is 9ms after SSB
	1.6649, 17.3%
 
	1.7696, 12.1%
	1.7779, 11.7%
	1.8394, 8.7%
	1.8532, 8%



[bookmark: _Toc47729846][bookmark: _Toc54384077][bookmark: _Toc61895272]Using TRS during idle mode provides UE PS gain in terms of idle mode power consumption of up to 17% under the assumption that there is 100% increase in persistent transmissions by the NW. 
[bookmark: _Toc61375442][bookmark: _Toc61375484]The idle mode power saving gain due to TRS using BD is very close to the case that the availability is informed to the idle UE In many cases when BD is employed to detect TRS present, particularly when TRS presence rate is about 70%, or TRS is either adjacent to SSB or far enough to allow light sleep between SSB and TRS,.
Based on these observations and the fact that if the UE detects the availability of TRS itself (i.e., Alt1) provides close gains to the case where the availability is informed by the NW (i.e., Alt2), then UE should be able to handle TRS presence/absence without additional signaling from NW. This is also consistent with the objective of the WID.  
[bookmark: _Toc61895273]Idle UEs should be able to handle the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.

NW energy consumption
The impact on network energy consumption, particularly due to Alt2 and Alt3 is analyzed next. 
Table 2 summarizes the additional NW power consumption to transmit a TRS in addition to SSB for one full DRX cycle. The underlying model for NW energy consumption evaluations is provided in [2]. 
In this evaluation, we consider a case where the SSB is broadcasted over a wide beam, i.e., only one beam is configured for SSB, and the same for TRS. SSB duration is 4 symbols, and TRS spans two consecutive slots with 2 symbols per slot, and 4 symbols separation between them. Note that this additional power in practice may be even higher if more than one TRS configuration is employed by the NW. 
When there is no connected mode user for which the TRS is intended, this is the extra cost network incurs to keep transmitting TRS for an idle mode UE. This also depicts the additional cost of the NW to transmit TRS, if availability is guaranteed through SIB, and thus the NW has to keep TRS ON for a long time, even if there is no UE in connected mode.
Table 2. NW power consumption as a result of additional TRS transmissions.
	SSB to TRS offset
	SSB Only
	TRS 20ms
	TRS 40 ms

	1ms
	100%
	144%
	122%

	5 ms
	100%
	151%
	126%

	10 ms
	100%
	159%
	129%



Since UEs can enter and leave connected mode, the NW can transmit or omit (in a dynamic manner relative to SI change rate) the TRS in potential TRS occasions depending on whether there are connected mode UEs being served or not. Therefore, UEs should be able to handle changes in presence/absence of TRS in potential TRS occasions without additional signaling from NW. 
Particularly, the UE should not assume that if TRS occasions are provided in SIB, this means that TRS availability is guaranteed. There were some proposals in the last meeting that if TRS occasions are provided in SIB, then the UE can assume TRS is available. This in practice means for the NW that TRS is always ON for all practical purposes, and such SIB-based signaling should be avoided. 
L1-based availability signaling
Next, we consider the L1 signaling of availability indication. 
For this evaluation, we assume the L1 based signaling is a single symbol DCI (e.g. a field in paging DCI). Furthermore, we assume there is a PO every 10 ms, and  128 POs to transmit the DCI within 1.28 secs of DRX cycle.
In this case, there are two situations. In one case, the UE has received a guarantee e.g., in the previous PO through a paging message that TRS is present. Then, if the NW would like to turn the TRS OFF e.g., no connected UE in the cell, NW power consumption increases due to the following (see table 3): 
1) NW needs to send a L1 signaling (e.g. via paging message) to all the UEs within the cell to inform them about the availability change, and 
2) NW needs to additionally keep transmitting TRS until all UEs are informed. 

Such increased power consumption and signaling overhead on the NW side is not justifiable. For example, just for the case where the SSB to TRS offset is 1ms, the additional L1 signaling results in 40%~80% increase in NW power consumption. Furthermore, considering a typical paging rate of 10%, an L1 signaling approach as discussed here, can lead to 900% more paging overhead (i.e. transmit paging DCI in every PO) within a DRX cycle than the average case. 
Table 3. NW power consumption due to L1 based signaling to announce the UE that TRS is deactivated from the next cycle.
	SSB to TRS offset
	SSB Only
	TRS 20ms + L1
	TRS 40 ms +L1

	1ms
	100%
	181%
	141%



Another possibility is conditional L1 signaling (per Alt3) from RAN1#103 meeting. If UE receives a paging DCI in DRX cycle N, there can be a bit within the DCI indicating that the UE can assume TRS is present for a validity time, e.g., for a full DRX cycle. This can provide a trade-off between NW power consumption/signaling overhead vs UE PS gain. Typically, a connected mode UE may stay for around 10s in the connected mode (or shorter if Rel-16 assistance of transition to idle mode is used), until it goes back to idle mode after expiry of data inactivity timer. Thus, if UE receives an indication that TRS is present, it can assume the TRS is present for a time given by a validity timer. This will at least address the signaling overhead concern, and with reasonable setting of validity timer, can also reduce NW power consumption impact.
In the last meeting, there were some proposals regarding presence of a TRS between paging PDCCH and PDSCH whenever there is a paging message, or simply transmit a TRS along with every paging message. We do not see the need for introducing such a mechanism as it implies network must transmit such RS even though the RS is not being used for connected mode. 
[bookmark: _Toc61895274]Keeping TRS transmissions on solely for supporting idle mode UEs increases NW power consumption significantly (e.g. by 22% to 60% depending TRS periodicity and offset to SSB). 
[bookmark: _Toc61895275]Using L1 signaling to announce activation/deactivation of TRS transmissions without a validity timer for idle UEs increases NW power consumption significantly (e.g. by 41% to 81% depending TRS periodicity and offset to SSB). 
[bookmark: _Toc61893352]The availability of TRS/CSI-RS at the configured occasion(s) is not informed to the UE. 
[bookmark: _Toc61893353]Do not support SIB signaling to announce availability of TRS transmissions in potential TRS occasions for idle UEs.  
3	Details of TRS occasions configuration 
In RAN1#103-e, the following agreements were made.
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 

Transmission/absence of TRS in potential TRS occasions configured via system information does not imply anything regarding a TRS configured for a connected mode UE i.e. connected mode UE still follows the TRS configured for it rather than looking at the potential TRS occasions configured in the system information. 
Regarding the detailed configuration parameters, potential TRS occasion configuration can include the following parameters. (Note that some parameters can be simplified if necessary, including optionality of parameters that are not used for TRS, or that are always same for TRS e.g., density, and number of ports.)
· periodicityAndOffset
· powerControlOffsetSS
· scramblingID
· qcl-InfoPeriodicCSI-RS
· aperiodicTriggeringOffset (for FR2)
· firstOFDMSymbolInTimeDomain
· startingRB  
· nrofRBs

In the last meeting there were some proposals to also communicate the SCS of a TRS configuration to idle UEs, noting that SCS is not currently a parameter of CSI-RS configuration. We don’t think this is necessary as UE simply can follow the SCS given by the initial BWP. 
Another issue is about multi-beam TRS configurations e.g., as in FR2. Parameter qcl-InfoPeriodicCSI-RS is currently used in order to indicate the beam with which the TRS is associated with. This is currently done through TCI state which does not exist for idle UEs. In case of idle UEs, this parameter can indicate TRS beam association with an SSB index. 
Additionally, the NW has the option to configure multiple TRS configurations for connected UEs and provide their potential occasions to the idle UEs. E.g., the NW may configure multiple TRSs with different group of beams.   
[bookmark: _Toc54179449][bookmark: _Toc54179649]4	Discussions on potential TRS/CSI-RS occasion provisioning to idle UEs and applications
In RAN1#103-e, the following agreement was about what type of potential TRS/CSI-RS occasions can be provided to idle UEs.
Agreements:
· Aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used as TRS/CSI-RS occasion(s) for idle/inactive UEs.

Based on the latest agreements, aperiodic TRS as well as semi-persistent/aperiodic CSI-RS are not used for TRS/CSI-RS occasions for idle UEs. Nevertheless, still the discussions on other periodic RS types than periodic TRS seems to be open. Below, we provide arguments why periodic TRS should be considered as the only option.  
Among the periodic CSI-RSs, periodic TRS is agreed as one of the connected mode CSI-RS resources which the NW can share its potential occasions with the idle UEs. The other CSI-RS resources, even if periodic, are intended for other purposes, e.g., PDCCH/PDSCH LA which are not be suitable for idle UEs since these are typically provided only in conjunction with data transmissions and are not consistently ON although there may be UEs in connected mode. Furthermore, there is no reason for NW to keep such CSI-RS resources ON for a UE in idle mode. 
[bookmark: _Toc61879378][bookmark: _Toc61879346][bookmark: _Toc61879379][bookmark: _Toc61886518][bookmark: _Toc61886519][bookmark: _Toc61893354]Only TRS/CSI-RS occasion(s) corresponding to periodic TRS can be shared with idle UEs.
In RAN1#103, the following agreement was made about the application of TRS.
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
About the RRM measurements for serving cell, current specifications have clear guideline how the SS-RSRP and SS-RSRQ as the fundamental components of serving cell measurements should be calculated. These measurements are largely limited to SSBs as well as SMTC window. Furthermore, TRS may or may not be transmitted in the provided occasions. As such to use TRS for RRM measurements most likely lead to extensive discussions and change to the fundamentals of RRM measurements as established in the current specifications, especially in RAN4. The discussion in last RAN1 meeting to draft an LS did not converge and it seems unclear why this issue should be pursued further if UEs can do this in a transparent manner without any spec impact (or changes to RAN4 specification).   
[bookmark: _Toc61879373][bookmark: _Toc61879407][bookmark: _Toc61879443][bookmark: _Toc61879595][bookmark: _Toc61886502][bookmark: _Toc61895276]Allowing to use TRS occasions for serving cell measurements has RAN4 impact.
Therefore, we propose to that TRS can be used for only the purpose that it is intended for in connected mode as well i.e. for T/F tracking. It may be possible to use it for AGC but given the occasional availability, it might not always feasible. 
[bookmark: _Toc61893355]TRS/CSI-RS occasion(s) that are shared to idle/inactive UEs are not assumed to be used for serving cell measurements.
5	Conclusion
In sections 2-4, the following observations and proposals were made: 
Observation 1	Using TRS during idle mode provides UE PS gain in terms of idle mode power consumption of up to 17% under the assumption that there is 100% increase in persistent transmissions by the NW.
Observation 2	Idle UEs should be able to handle the case where TRS is present/absent in potential TRS occasions without additional signaling from NW.
Observation 3	Keeping TRS transmissions on solely for supporting idle mode UEs increases NW power consumption significantly (e.g. by 22% to 60% depending TRS periodicity and offset to SSB).
Observation 4	Using L1 signaling to announce activation/deactivation of TRS transmissions without a validity timer for idle UEs increases NW power consumption significantly (e.g. by 41% to 81% depending TRS periodicity and offset to SSB).
Observation 5	Allowing to use TRS occasions for serving cell measurements has RAN4 impact.

Proposal 1	The availability of TRS/CSI-RS at the configured occasion(s) is not informed to the UE.
Proposal 2	Do not support SIB signaling to announce availability of TRS transmissions in potential TRS occasions for idle UEs.
Proposal 3	Only TRS/CSI-RS occasion(s) corresponding to periodic TRS can be shared with idle UEs.
Proposal 4	TRS/CSI-RS occasion(s) that are shared to idle/inactive UEs are not assumed to be used for serving cell measurements.
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Annex A: RAN1#103-e agreements
In RAN1#103-e, the following items were agreed for this item.
Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).
· 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

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.

[bookmark: _GoBack]
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