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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, the remaining issues of assistance TRS for idle/inactive UE power saving enhancements are discussed.
Availability of assistance TRS
The signaling for availability indication
[bookmark: OLE_LINK23]It was agreed in RAN1#104 meeting regarding the availability indication of assistance TRS:
	Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).


The detailed signaling leaves FFS in RAN1#104 meeting. According to the discussion in the last meeting, there are in general three candidates proposed for the indication signaling:
· Indication bit(s) in PEI transmission;
· indication bit(s) in paging DCI;
· Indication bit(s) in SIB, e.g. SIB1;
Indication bit(s) in PEI transmission
It is expected that the assistance TRS can be configured with the utilization of PEI. In this case, the PEI DCI in a paging cycle can be used to indicate UEs regarding whether the assistance TRS shall be transmitted in the configured TRS occasions in the paging cycle. Figure 1 illustrates the procedure of UE paging procedure when PEI indicating the availability of assistance TRS. 
In our view, PEI is a good way for the indication of availability TRS when PEI is configured, considering the PEI DCI is transmitted before the PO if a paging PDSCH shall be transmitted. In this sense, there is no additional transmission of physical layer signal or channel due to the availability indication. The only overhead is a number of bits in the transmitted PEI channel, e.g. some bits in PEI DCI.  The resource overhead is marginal if the availability indication is carried by PEI channel.
Observation 1. The resource overhead is marginal if availability indication of assistance TRS is carried by PEI transmission in the case of PEI is configured,.
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[bookmark: _Ref57815804]Figure 1 PEI indicating the TRS availability in the incoming paging occasion in the case of PEI configured
Proposal 1: Support indication of availability of assistance TRS before the start of PO through PEI transmission.

Paging DCI
When PEI is not configured, the paging DCI can be used to inform UE the availability of the assistance TRS. As illustrated in Figure 2, the paging DCI in the previous paging cycle can indicate the availability of the assistance RS for the PO in the current cycle. By this way, the RRC_IDLE/INACTIVE mode UE can decide to use SSB or assistance TRS for loop convergence before the reception of PO when PEI is not configured. 
From UE perspective, the UE shall anyway detect paging DCI in every paging cycle. So from UE’s point of view, there would be no additional reception/detection effort on receiving the availability indication of assistance TRS in paging DCI. Therefore, UE power consumption shall be not increased due to the detection of the availability indication. 

[image: ]
[bookmark: _Ref68249727]Figure 2 Paging DCI/PEI DCI indicating the TRS absent/present in the case of PEI is not configured
From gNB’s point of view, it would be a concern for the transmission of paging DCI only due to the need of availability indication. As shown in Figure 3, an indication period, e.g. which can be multiple DRX cycle length, can be introduced during which the availability status of assistance TRS is assumed the same. gNB could only indicate the availability by the paging DCI transmitted in a predefined duration/window at the beginning of the indication period. This can avoid additional paging DCI transmission due to the indication of availability. Further analysis is provided in Section 2.2 to show that the signaling overhead is acceptable.
[image: C:\Users\t00496347\AppData\Roaming\eSpace_Desktop\UserData\t00496347\imagefiles\originalImgfiles\71F3C9B3-67B8-4C9E-A56A-B422ED0417E8.png]
[bookmark: _Ref68252326]Figure 3 Illustration of indication periodicity
Proposal 2: An indication period is introduced, which can be configured N paging cycles, during which the availability of assistance TRS is assumed to be the same.
There are 6 reserved bits not used in paging DCI. 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 reserved states in the paging DCI provides sufficient space for availability indication of assistance TRS and the related standard effort is marginal.
Indication bit(s) in SIB
1 bit availability indication in SIB, e.g. in the SIB1 was also proposed in RAN1#104bis. In our view, this would unfortunately increase the need of a UE to performance system information acquisition, causing additional power consumption. Usually, for the power saving purpose, IDLE mode UE shall not decode the SIB unless a system information change is notified in paging DCI or a cell reselection is triggered etc. If there is no system information change notification or ETWS are received from paging DCI/PDSCH, it is not reasonable to ask UE to perform a SIB acquisition procedure just due to the indication of assistance TRS, which consumes much power of the UE.
On the other hand, if the availability indication of assistance TRS is included in the SIB. gNB has to indicate the SIB update if the TRS resource changes its’ availability. This would actually cause additional paging DCI transmitted for SI change indication.
Moreover, the available bits in SIB, especially the SIB1, is limited. The transmission in SIB consumes more resources than transmission the same information in a paging DCI. Therefore, it is not necessary to occupy the limited room of SIB1 for the indication of availability of TRS, which can be achieved by paging DCIs.
Observation 2. Availability indication of assistance TRS in SIB increases power consumption of UE and occupies limited available bits in SIB.
The comparison of the three candidates are summarized in Table 1.
[bookmark: _Ref67669412]Table 1 Comparison of the three candidate methods for indicating availability
	
	Indication in PEI
	Indication in legacy paging DCI
	Indication in SIB

	power consumption from UE perspective
	No
	No
	Yes, additional acquisition of SIB is required

	resource overhead from gNB perspective
	Marginal, only several additional bits in PEI transmission.
	An indication period can be introduced to reduce the paging DCI only for availability change.
	Occupies bits in SIB, especially in SIB1, which consumes more resource than that of paging DCI.



Based on above analysis and comparison, availability in SIB is not preferred. It is possible that when PEI is not configured, legacy paging DCI is preferred to carry the availability indication of the TRS in configured indication period considering the drawback of the 1 bit indication in SIB. 

Proposal 3: Support indication of availability of assistance TRS before the start of PO through legacy paging DCI.
It should be noticed that the indication in both the legacy paging DCI and in PEI DCI should be supported. As discussed above, when PEI is configured, indication bit in PEI is the most efficient way for the availability indication of assistance TRS. When PEI is not configured, paging DCI can be used.
[bookmark: _Ref67671207]How to reduce the overhead due to the availability indication
As discussed and illustrated in Figure 3 in section 2.1, to reduce the overhead of additional paging DCI due to availability indication, gNB can configure an ‘indication period’, which can be as long as N paging cycles. By each indication, gNB can indicate the availability of assistance TRS within the next N paging cycles. Since gNB can flexibly choose the value of N, this method can work well with either frequent or infrequent change of assistance TRS.
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 4, 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 4 Using paging or early transmitted paging information to indicate the availability of assistance RS
Proposal 4: The availability of assistance TRS in a window before the PO is indicated.
[bookmark: OLE_LINK17][bookmark: OLE_LINK27]Configuration of assistance TRS 
The remaining issues of necessary parameters for configuration
The following parameters are still open for discussion
SCS configuration 
	Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 



Alt2 may provide flexibility however UE may need to switch the receiver to handle the change of sub-carrier spacing for the reception of assistance TRS and the corresponding PO. It would be better to leave a simple processing for IDLE mode UE. Furthermore, the utilization of assistance TRS is based on best effort to reuse the TRS of connected mode UE. Considering this, it is preferred to adopt the Alt.1 to simplify the UE processing for low power consumption as much as possible. 
Proposal 5: The SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is the same as the SCS of initial BWP.

Frequency location 
	Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.


In our view, Alt-2 provides more flexibility to gNB. When gNB configure a TRS which is not within initial DL BWP, UE can receive part of the TRS which falls into the initial BWP. It is understood that the TRS is originally transmitted to CONNECTED UEs, so the frequency location depends on the active DL BWP for connected mode UEs. If Alt-1 is adopted, the TRS that partially overlaps with initial DL BWP cannot be used for IDLE/INACTIVE mode UEs. 
Proposal 6: The frequency location of assistance TRS is not restricted by initial BWP.
QCL 
	Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: From higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details
· Other alternatives are not precluded


It is questionable how Alt-2 can work. According to current spec, there is a one-to-one mapping between the MOs within a PO and the SSBs within a SSB burst set. And the order is strictly defined that the i-th MO corresponds to the i-th SSB. However, for an assistance TRS, the QCL depends on the requirement of connected mode UEs. It is difficult to guarantee that the RSs are located completely in the same order of SSBs. Therefore, in our view, the QCL information of assistance TRS should be explicitly configured to IDLE/INACTIVE mode UEs. However, since there is no configured TCI-state for IDLE/INACTIVE UEs, the QCL information can be defined as a relationship with a transmitted SSB directly.
Proposal 7: The QCL information of assistance TRS is explicitly configured.
Whether CSI-RS other than TRS is used for IDLE/INACTIVE UEs
	Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.



According to the agreements in the last several meetings, the assistance TRS is used for AGC and T/F tracking. For these functionalities, periodic TRS can provide enough support.
Observation 3. Periodic TRS can well support the functionalities of AGC and T/F tracking.
It was mentioned by some companies that during the email discussion in the last meeting that TRS can only support period Xp = 10, 20, 40, or 80, while CSI-RS can support period up to 640 slots. And it was proposed that CSI-RS other than TRS can provide more flexibility. However, in our view, the period of SSB is typically 20ms, and longer period than SSB seems to be useless for this issue. 
Another potential benefit for CSI-RS other than TRS is that the configurable symbol location can be more flexible for CSI-RS than TRS. Nevertheless, the benefit seems to be marginal, and the additional power saving gain provided by the ‘flexible symbol location’ is also not justified.
Based on the above analysis, we have the following proposal.
Proposal 8: Do not support periodic CSI-RS for TRS/CSI-RS occasion(s) for idle/inactive UEs.
The consideration on reducing configuration overhead
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 4. It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 
When assistance TRS is configured in SIB it is important to reduce the signalling overhead. Otherwise, there may be not enough space in a SIB message to contain the configuration of multiple RS resources. One 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 [2].
Proposal 9: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
Suggestion of coordination with RAN2 
By RAN1 #104-e, a number of agreements were made in RAN1. And it is expected additional agreements can be made in RAN1 #104bis-e. Since some issues, e.g. the signaling design considering the signaling overhead reduction for TRS configuration, is more proper to be discussed in RAN2 instead of RAN1, it is suggested to send LS to RAN2 to inform the progress in RAN1 and trigger the discussion of assistance TRS in RAN2.
Proposal 10: Send LS to inform RAN2 about the progress in RAN1 by RAN1 #104bis-e and trigger the discussion in RAN2 on the issues of signaling design for assistance TRS configuration.

[bookmark: _Ref129681832]Conclusions
According to the previous discussion, we have the following observations and proposals:
Observation 1. The resource overhead is marginal if availability indication of assistance TRS is carried by PEI transmission in the case of PEI is configured,.
Observation 2. Availability indication of assistance TRS in SIB increases power consumption of UE and occupies limited available bits in SIB.
Observation 3. Periodic TRS can well support the functionalities of AGC and T/F tracking.
Observation 4. [bookmark: _GoBack]It is expected to configure multiple RS resources to IDLE/INACTIVE mode UEs considering different UEs can be in different MOs of different POs. 

Proposal 1: Support indication of availability of assistance TRS before the start of PO through PEI transmission.
Proposal 2: An indication period is introduced, which can be configured N paging cycles, during which the availability of assistance TRS is assumed to be the same.
Proposal 3: Support indication of availability of assistance TRS before the start of PO through legacy paging DCI.
Proposal 4: The availability of assistance TRS in a window before the PO is indicated.
Proposal 5: The SCS of TRS/CSI-RS occasion(s) for idle/inactive UEs is the same as the SCS of initial BWP.
Proposal 6: The frequency location of assistance TRS is not restricted by initial BWP.
Proposal 7: The QCL information of assistance TRS is explicitly configured.
Proposal 8: Do not support periodic CSI-RS for TRS/CSI-RS occasion(s) for idle/inactive UEs.
Proposal 9: Signaling overhead in SIB due to the configuration of assistance RS occasions needs to be minimized.
Proposal 10: Send LS to inform RAN2 about the progress in RAN1 by RAN1 #104bis-e and trigger the discussion in RAN2 on the issues of signaling design for assistance TRS configuration.
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Appendix A. Assistance TRS agreements in RAN1#104-e
	Agreements:
Configuration of TRS/CSI-RS occasion(s) for idle/inactive Ues include at least:
· powerControlOffsetSS,
· scramblingID
· firstOFDMSymbolInTimeDomain,
· startingRB.
· nrofRBs,
· FFS other parameters
· FFS applicable values
Agreements:
The SCS configuration of TRS/CSI-RS occasion(s) for idle/inactive UEs can be discussed and down-selected from following alternatives at RAN1#104b-e:
· Alt1: same as initial BWP
· Alt2: configurable parameter 
Agreements:
Multiple RS resources can be configured for TRS/CSI-RS occasion(s) for idle/inactive UEs. 
· FFS details (including whether or not to restrict the RS to be TRS only)
Decision: As per email posted on Jan 31st,
Agreements:
For a cell with TRS/CSI-RS occasions configured for IDLE/Inactive UEs, IDLE/Inactive UE’s assumption on the availability of TRS/CSI-RS at the configured occasion(s) is informed to the idle/inactive UE based on explicit indication.
· FFS details (e.g., the signalling, detailed information for the TRS/CSI-RS, etc.)
· There is no intended blind detection of the presence/absence of TRS/CSI-RS at the UE side in this feature. That is, the UE assumes TRS/CSI-RS is not present if the network does not indicate it is available (or indicates it is unavailable).
Conclusion
From RAN1 perspective, there is no consensus on supporting RRM measurement for serving cell functionality for TRS/CSI-RS occasion(s) for idles/inactive UEs.

Agreements:
The configuration of the frequency location of TRS/CSI-RS occasion(s) for idle/inactive UEs are discussed and down-selected from following alternatives at RAN1#104bis-e:
· Alt-1: within initial DL BWP
· Alt-2: is not restricted by initial BWP 
· IDLE/INACTIVE mode UE is not expected to receive TRS/CSI-RS outside the initial DL BWP.

Decision: As per email posted on Feb 4th,
Agreements:
To study QCL information of TRS/CSI-RS occasion(s) for idle/inactive UEs from following alternatives: 
· Alt-1: From higher layer configuration, e.g. qcl-InfoPeriodicCSI-RS
· Alt-2: QCL assumptions associated with transmitted SSBs implicitly, e.g. similar to PDCCH monitoring in PO 
· FFS details
· Other alternatives are not precluded

Conclusion:
Decide at RAN1#104b-e, whether or not to support periodic CSI-RS in addition to periodic TRS for TRS/CSI-RS occasion(s) for idle/inactive UEs.
· 
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