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Introduction
In RAN1#103-e [1], assistance RS for IDLE/inactive mode was discussed and some agreements/conclusions were made as follows:
	Agreements:
· Functionality of RRM measurement for neighbour cell is not supported for TRS/CSI-RS for idle/inactive UE(s).

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 
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

[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.
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.



In this contribution, the remaining issues of assistance TRS/CSI-RS for idle/inactive UE power saving enhancements are discussed. 
Availability of assistance RS
In RAN1#103-e [1], four alternatives for the availability of assistance RS are summarized, which are listed below.
· 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.
For Alt 1, it means that the availability of the assistance TRS/CSI-RS needs to be blindly detected by UE. Due to the uncertainty of the availability of assistance TRS, the UE should always receive 1~3 SS bursts in advance to avoid failing to receive the paging messages. The power saving gain from assistance RS cannot be obtained. On the other hand, as agreed in RAN1 #102-e, TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted. If the gNB stops the transmission of the TRS/CSI-RS while the idle/inactive mode UE already assumes the TRS to be available and relies on the TRS for time/frequency tracking and AGC, the performance of UE would be significantly degraded considering the UE may already miss the chance to receive the required number of SS bursts for time/frequency tracking and also serving cell measurement. This would cause reception failure of paging PDSCH and consequently increase the power consumption. Another solution of Alt 1 is that UE blindly detects the assistance RS near the first SSB the UE to receive. However, in our view, this solution just assumes the assistance TRS near the first SS burst is useful for power saving. This would restrict the cases when the assistance TRS is utilized. Therefore, Alt 1 is not preferred. 
Observation 1. To get the power saving gain and ensure the performance of paging reception, it is essential to inform the UE the availability of assistance RS.
For Alt 3, the availability of assistance RS depends on the existence of paging. One possible solution is that gNB must transmit the assistance RS if there is paging message transmitted. In this way, the UE can be guaranteed that there is the assistance RS to be used when the UE needs. However, an observation has been captured in the chairman notes that gNB should have flexibility not to transmit the assistance TRS/CSI-RS before the corresponding PO. 
	Observation in RAN1#102-e:
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.)



Therefore, Alt 3 forces gNB to transmit the assistance RS when there is paging, which restricts gNB’s implementation flexibility, which is not aligned with the common observation captured in RAN1#102 chairman notes. If gNB configures relatively large number of POs in the system, e.g. N=128, Ns=4, Alt.3 may need transmit too much assistance RS for IDLE mode UEs, which violates the design principle of the assistance TRS occasions.
Due to the drawbacks we analyze in the above, Alt 3 should not be supported.
Observation 2. The availability of the assistance TRS/CSI-RS should not be coupled to the transmission of paging message on the PO.
Based on the above discussion, both Alt 1 and Alt 3 are not preferred. Similarly, the Alt 4 is not preferred. Therefore, Alt 2 should be adopted.
Proposal 1: Adopt Alt 2 to inform the availability of TRS/CSI-RS at the configured occasion(s) to IDLE mode UEs.

Regarding the detailed signaling for Alt.2, in RRC_IDLE/INACTIVE mode, the paging DCI can be used to inform UE the availability of the TRS/CSI-RS. The paging DCI in the previous paging cycle to indicate the availability of the assistance RS for the PO in the next cycle. By this way, the RRC_IDLE/INACTIVE mode UE can decide to use SSB or assistance TRS/CSI-RS for loop convergence before the reception of PO. The solution is illustrated in Figure 1. There are 6 reserved bits not used in paging DCI. And several reserved states of the short message field in paging DCI are also not used when the paging DCI format is used for scheduling paging message. The reserved bits or states in the paging DCI can be used for availability indication of assistance TRS and the related standard effort is marginal.
[image: ]
[bookmark: _Ref61611806]Figure 1 Paging DCI/PEI DCI indicating the TRS absent/present in the next paging periodicity

It could be possible that the assistance TRS is configured with the utilization of PEI. In this case, the PEI DCI in a paging cycle can be also used to indicate UEs regarding whether the assistance TRS/CSI-RS shall be transmitted in the configured TRS/CSI-RS occasions in the paging cycle. Figure 2 illustrates the procedure.
It should be noticed that the indication in both the legacy paging DCI and in PEI DCI should be supported. It is possible that PEI is not configured while the assistance TRS occasions are configured, legacy paging DCI in the previous PO is a straight forward way to carry the availability indication of the TRS in the followed paging cycle. When PEI is configured, in some cases, the paging DCI may not be transmitted in the previous paging cycle and the availability of TRS can be indicated by PEI DCI. As another way, when the PEI is configured, UE shall receive the PEI DCI anyway, therefore PEI DCI can be also used to indicate the availability of the TRS during the time duration after the PEI DCI and before the associated PO.

[image: ]
[bookmark: _Ref57815804]Figure 2 PEI indicating the TRS absence/presence in the incoming paging occasion

Proposal 2: Inform the availability of TRS/CSI-RS before the start of PO:
· Through legacy paging DCI or early transmitted paging information in the previous DRX cycle;
· Through early paging information in the current DRX cycle.
It is possible for gNB to configure multiple assistance RS resources. When the availability is indicated to the UE, a simple way is to indicate all the resources together, where for example only 1-bit may be needed. It is possible to indicate the availability of different RS resources separately, and it is more flexible to indicate the availability in a finer granularity. However, the indication overhead needs to be also considered. As an example shown in Figure 3, different PO may utilize different RS, so it is helpful for reducing the signaling overhead by only indicating the availability of assistance RS in a specific time window associated with the PO. 
[image: ]
[bookmark: _Ref57816822]Figure 3 Using paging or early transmitted paging information to indicate the availability of assistance RS
Observation 3. It is helpful for reducing the signaling overhead by only indicating the availability of assistance RS in a specific window.
Functionality of the assistance RS
In RAN1#103-e, the functionality of RRM measurements for serving cell was discussed. In our view, the assistance RS used for serving cell measurement is feasible only if the availability of assistance RS is known in advance. Otherwise, the UE cannot use the assistance RS for serving cell RRM measurement and at least one SS burst needs to be received for serving cell measurement.
Observation 4. The assistance TRS/CSI-RS cannot be used for serving cell measurement if the UE cannot know the availability of the RS in advance before the reception of the required number of SS bursts by UE. 
Unlike SSB, which is transmitted to cover all the beam directions, assistance RS may be only transmitted in some of the beam directions. So the assistance RS is not proper to be used for serving cell RRM measurement. On the other hand, SSB and assistance RS may be transmitted based on different spatial filter, and new procedures and/or requirements for RRM measurement will be introduced, which have impact on RAN2 and RAN4. 
Considering all the above drawbacks, we prefer not to support the functionality for serving cell RRM measurement by assistance RS.
Proposal 3: The assistance RS is not used for serving cell measurement.

Consideration on resource configuration for assistance RS
The idle/inactive mode UE should be informed with the configuration of the potential assistance TRS/CSI-RS resource(s). It needs to be specified how to configure the RS resource for idle/inactive mode UEs. During RAN1 #103-e, the parameters that are possible for the configuration are listed in the feature lead summary [2]. Our view on the parameters are summarized in Table 1.
Table 1. [bookmark: _Ref60684244]Our view on the parameters for assistance RS configuration
	#
	Parameters
	Details (e.g., reuse, enhance, restricts, pre-defined etc.)

	1
	bwp-Id
	No need since in IDLE mode there is only a single initial BWP for the UE.

	2
	resourceType {aperiodic, semiPersistant, periodic}
	No need, since aperiodic TRS and semi-persistent/aperiodic CSI-RS are not used according to the agreements.

	3
	repetition {on, off}
	No need.

	4
	aperiodicTriggeringOffset
	No need, since aperiodic RS is not used.

	5
	trs-Info {true}
	FFS if TRS and/or CSI-RS is used or not.

	7
	powerControlOffset
	No need, there is no proper reference PDSCH for IDLE/INACTIVE mode and powerControlOffsetSS is enough.

	8
	powerControlOffsetSS
	Reuse or enhance,  it is used for AGC.

	9
	scramblingID
	Reuse or enhance, it is used for generate the sequence.

	10
	periodicityAndOffset
	Reuse or enhance, it is used for determining the slot-level time domain resource location.

	11
	qcl-InfoPeriodicCSI-RS
	Reuse or enhance, it is used for determining the QCL.

	12
	frequencyDomainAllocation {row1, row2, row4, others}
	Reuse or enhance, it is used for determining the RE-level frequency domain resource location within a RB.

	13
	nrofPorts
	FFS if multi-port RS is supported.

	14
	firstOFDMSymbolInTimeDomain
	Reuse or enhance, it is used for determining the symbol-level time domain resource location within a slot.

	15
	firstOFDMSymbolInTimeDomain2
	FFS if multi-port RS is supported.

	16
	cdm-Type
	FFS if multi-port RS is supported.

	17
	density
	Reuse or enhance, it is used for determining the RE-level frequency domain resource location within a RB.

	18
	startingRB
	Reuse or enhance, it is used for determining the RB-level frequency domain resource location.

	19
	nrofRBs
	Reuse or enhance, it is used for determining the RB-level frequency domain resource location.

	20
	subcarrierSpacing (this is not part of CSI-RS resource configuration)
	FFS if different SCS with SSB is used.

	21
	Etc. (please provide any missing/additional parameters)
	FFS



To summarize, the parameters to be used for determining the time/frequency domain resource location, sequence generating and QCL, should be configured to the UE. 
Observation 5. The parameters to be used for determining the time/frequency domain resource location, sequence generating and QCL, should be configured to the UE. 

In NR, the POs in one PF are successively located in time domain. One RS may be near a PO but be far away from another PO. Therefore, multiple RS resources may be configured but different sets of RS resource may be used on different POs. As shown in Figure 5(a), for the UEs in PO3 and PO4, compared with using TRS1, using TRS2 provides more chance to sleep for longer time and save more power. In addition, a PO corresponds to multiple MOs, where each of them is corresponding to a SSB. To assist the UEs in the coverage of different beams, multiple RS resources corresponding to different SSB need to be configured, as shown in Figure 5(b).
[image: ]
(a) Different RS is used for different PO
[image: ]
(b) Different RS is used for different MO
[bookmark: _Ref54365104]Figure 5  Necessity of multiple RS resources
Observation 6. It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 
According to RAN1 #103-e, at least SIB based configuration is supported [1]. If multiple RS resources are configured to RRC_IDLE/INACTIVE mode UEs, it is important to reduce the signalling overhead for Alt2. Otherwise, there may be not enough space in a SIB message to contain the configuration of multiple RS resources. One possible way is to get the values of some parameters pre-defined in spec. However, it obviously limits gNB flexibility. 
Observation 7. Pre-defined values for RS parameters are not desired since they reduce flexibility and potential impact on the network.
[bookmark: _GoBack]Another possible way is to ‘compress’ the RS configuration. In current spec, a TRS configuration consists of a set of nzp-CSI-RS-Resource, where most of the configurations could be the same. For example, the occupied REs for different symbol can be the same, i.e.  the value of  frequencyDomainAllocation, density, startingRB, and  nrofRBs are the same. The occupied symbols in different slots can also be the same, i.e. firstOFDMSymbolInTimeDomain is the same. On the other hand, in real deployment, the values for the parameters need to be selected carefully. It always happens that different RSs are with the same periodicity and the same transmitting power. So these reasons bring the possibility that some parameters with the same value can be configured only once instead of multiple times. More details can be found in our companion paper [3].
Proposal 4: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
Conclusion
In this contribution, we discuss the assistance RS for idle mode UE power saving enhancements. Based on the analysis, we have the following observations and proposals:
Observation 1. To get the power saving gain and ensure the performance of paging reception, it is essential to inform the UE the availability of assistance RS.
Observation 2. The availability of the assistance TRS/CSI-RS should not be coupled to the transmission of paging message on the PO.
Observation 3. It is helpful for reducing the signaling overhead by only indicating the availability of assistance RS in a specific window.
Observation 4. The assistance TRS/CSI-RS cannot be used for serving cell measurement if the UE cannot know the availability of the RS in advance before the reception of the required number of SS bursts by UE. 
Observation 5. The parameters to be used for determining the time/frequency domain resource location, sequence generating and QCL, should be configured to the UE. 
Observation 6. It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 
Observation 7. Pre-defined values for RS parameters are not desired since they reduce flexibility and potential impact on the network.

Proposal 1: Adopt Alt 2 to inform the availability of TRS/CSI-RS at the configured occasion(s) to IDLE mode UEs.
Proposal 2: Inform the availability of TRS/CSI-RS before the start of PO:
· Through legacy paging DCI or early transmitted paging information in the previous DRX cycle;
· Through early paging information in the current DRX cycle.
Proposal 3: The assistance RS is not used for serving cell measurement.
Proposal 4: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
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