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1 Introduction
In RAN1 #103-e meeting, the following agreements regarding TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving were made.
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Power saving gain N/a 23.8% -2.5%
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In this contribution, our views on the remaining issues for this topic are provided. In Section 2, we discuss the benefit and necessity of TRS/CSI-RS availability information to idle/inactive mode UE. Section 3 provides our view on the TRS/CSI-RS functionality of RRM measurement for serving cell. And we further consider what information should be provided in TRS/CSI-RS configuration in Section 4.

2 TRS/CSI-RS availability indication
One remaining issue in RAN1 #103-e is whether to inform the availability of TRS/CSI-RS to idle/inactive mode UE. From the viewpoint of UE, it is helpful for power saving if UE knows whether the TRS/CSI-RS is actually transmitted. But, from the perspective of gNB, the availability indication introduces signaling overhead and may increase its power consumption. In the following, we evaluate UE power consumption by considering two potential locations of TRS/CSI-RS occasion(s). One is TRS/CSI-RS occasion is right before the paging occasion (PO) – see Figure 1. The other is TRS/CSI-RS occasion is far away from the PO – see Figure 2.
Case #1: TRS/CSI-RS occasion is right before PO - Figure 1
Figure 1(b) illustrates the UE processing timeline for the case that UE knows the TRS/CSI-RS is transmitted before PO reception. When the TRS/CSI-RS transmission is guaranteed, the UE can skip the reception of the first two SS bursts to save power. However, if the TRS/CSI-RS transmission is not guaranteed, as shown in Figure 1(c), the UE still has to receive multiple SS burst for T/F tracking to ensure good performance for paging PDCCH/PDSCH reception.
Compared to the baseline in Figure 1(a), the UE power saving gains are 23.8% and -2.5% for the case without and with blind detection, respectively. It leads to power saving loss when the UE has to perform blind detection on the existence of TRS/CSI-RS. The evaluation results are summarized in Table 1.
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Figure 1: UE processing timeline for TRS/CSI-RS occasion right before PO

Table 1. UE power consumption for TRS/CSI-RS occasion right before PO
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Observation 1: When TRS/CSI-RS occasion(s) is right before paging occasion, the UE power saving gain is 23.8% if the blind detection on the RS existence is not needed. If the blind detection is needed, the power consumption is higher than that of baseline. 
Case #2: TRS/CSI-RS occasion is NOT right before PO - Figure 2
When TRS/CSI-RS occasion(s) is right after the first SS burst, the UE processing timeline is shown in Figure 2. In the case, the UE can skip the following SS burst reception and enter deep sleep if UE knows TRS/CSI-RS is actually transmitted via gNB signaling or blind detection – see Figure 2(b) and 2(c). On the other hand, if TRS/CSI-RS presence is not signalled and the UE fails to detect its existence, the UE needs to continue SS burst reception after TRS/CSI-RS occasion(s) for T/F tracking – see Figure 2(d). Considering the above UE behaviour, the evaluation results are provided in Table 2. The power saving gains are 13.9% and 10.5% for the case without and with blind detection, i.e., Figure 2(b) and Figure 2(c)+2(d), respectively. Here we assume the TRS/CSI-RS is transmitted by network and the TRS/CSI-RS detection rate at UE side is 80%. If the TRS/CSI-RS transmission probability is also taken into account, the UE power saving gain will be smaller.
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Figure 2: UE processing timeline for TRS/CSI-RS occasion far away from PO

Table 2. UE power consumption for TRS/CSI-RS occasion far away from PO
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Observation 2: When TRS/CSI-RS occasion(s) is NOT right before paging occasion, ~13.9% and 10.5% of power saving gain can be achieved for the case without and with blind detection, respectively. Here we assume the TRS/CSI-RS is transmitted by network and the TRS/CSI-RS detection rate is 80%.
According to the observations given above, we can conclude that the power saving gain for TRS/CSI-RS occasion to idle/inactive mode UE is highly dependent on the following conditions if the UE blind detection is needed: (1) TRS/CSI-RS location, (2) TRS/CSI-RS transmission probability and (3) TRS/CSI-RS detection performance. If any one of the condition is not set properly, e.g., TRS/CSI-RS transmission probability is low, the power saving gain would be small, e.g., <10% or worse than that of baseline, and the feature may become useless for UE.

Observation 3: If UE blind detection is needed for TRS/CSI-RS occasion to idle/inactive mode UE, how large the power saving gain can be achieved is relevant to the TRS/CSI-RS location, transmission probability and UE detection performance. Due to the uncertainty of these factors, the benefit of this feature would become questionable.
Observation 4: For the sake of progress, RAN1 can prioritize the alternatives with majority view, i.e., Alt 1 and Alt 2, in the agreements firstly. And based on the analysis given above, informing the TRS/CSI-RS availability to the UE can guarantee the effectiveness of the feature.

On the other hand, the network signalling overhead on the TRS/CSI-RS availability information should be taken into account if Alt 2 is adopted. To minimize the overhead, it can consider to indicate the information by PEI, reserved bits in paging DCI or SIB.

Proposal 1: gNB to indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s). 

· FFS how to minimize the signalling overhead.
3 RS functionality for RRM measurement for serving cell
Another issue that has been discussed for two meetings is whether to support TRS/CSI-RS for idle/inactive mode UE with RRM measurement for serving cell. In the discussions of previous meeting, one controversial argument is whether supporting this functionality is just up to UE implementation or requires RAN2/4 specification impacts. In our view, if it is up to UE implementation, RAN1 don’t need to spend much time discussing the issue. If there is RAN2/4 specification impact, the power saving gain by additionally supporting this functionality should be evaluated and justified carefully before sending a LS to RAN2/4. Since the gain is still unclear for SSB-based RRM measurement with TRS/CSI-RS assistence, the discussion should be deprioritized. 

Observation 5: If supporting the functionality of RRM measurement for serving cell is up to UE implementation, RAN1 don’t have to spend much time discussing it. If it requires RAN2 and/or RAN4 specification impact, the power saving gain for additionally supporting this functionality should be evaluated and justified carefully before triggering discussion in RAN2/4.
Proposal 2: Deprioritize the discussion for TRS/CSI-RS functionality of RRM measurement for serving cell.
4 Configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE
Regarding what information of TRS/CSI-RS occasion(s) to be configured, in addition to the existing configurations for TRS/CSI-RS acquisition, e.g., time/frequency information, multiple sets of TRS/CSI-RS configurations can be considered to allow gNB indication flexibility. When the UE(s) leaves connected mode, the TRS/CSI-RS configured for them may not be existed anymore. If only one set of TRS/CSI-RS configuration is signalled to the idle/inactive mode UE, the RS setting may be updated frequently due to the change of connected mode UE. Therefore, to avoid frequent higher layer signalling update for changing TRS/CSI-RS settings, multiple sets of TRS/CSI-RS configurations can be configured to idle/inactive mode UE.

Observation 6: Multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s) can avoid frequent higher layer signalling update for changing RS settings and allow better gNB indication flexibility. 

Proposal 3: gNB can configure multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s).
5 Conclusion
In this contribution, we provide our views on the remaining issues for TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving. In Section 2, we discuss the necessity of TRS/CSI-RS availability information. In Section 3, we discuss whether to support the functionality of RRM measurement for serving cell. And we further consider the configurations of TRS/CSI-RS occasion(s). Based on the discussions, we have the following observations and proposals.
[image: image7.png]20 20
- 20ms e ms e ms >

PO Reception
Deep Sleep| Light Slee) Light Sleey Deep Sleep
2ms 2ms 2ms _LightSleep  4ms LightSleep  Sms Time
BT
10ms
(a) Baseline
10ms
" POReception
Deep Sleep - II I I I I _ Deep Sleep
2ms  1ms ams  LightSleep  sms Time
Micro Sleep

(b) No BD needed: TRS/CSI-RS guaranteed

20ms 20ms 20ms
>« >« >

10ms

PO Reception

Deep Sleep Light Sleep Deep Sleep

2ms 2ms 2ms  1ms 4ms  LightSleep  5ms
Micro Sleep

(c) BD needed: TRS/CSI-RS not guaranteed




Figure 1: UE processing timeline for TRS/CSI-RS occasion right before PO

Table 1. UE power consumption for TRS/CSI-RS occasion right before PO
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Observation 1: When TRS/CSI-RS occasion(s) is right before paging occasion, the UE power saving gain is 23.8% if the blind detection on the RS existence is not needed. If the blind detection is needed, the power consumption is higher than that of baseline. 
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Figure 2: UE processing timeline for TRS/CSI-RS occasion far away from PO

Table 2. UE power consumption for TRS/CSI-RS occasion far away from PO
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Observation 2: When TRS/CSI-RS occasion(s) is NOT right before paging occasion, ~13.9% and 10.5% of power saving gain can be achieved for the case without and with blind detection, respectively. Here we assume the TRS/CSI-RS is transmitted by network and the TRS/CSI-RS detection rate is 80%.
Observation 3: If UE blind detection is needed for TRS/CSI-RS occasion to idle/inactive mode UE, how large the power saving gain can be achieved is relevant to the TRS/CSI-RS location, transmission probability and UE detection performance. Due to the uncertainty of these factors, the benefit of this feature would become questionable.
Observation 4: For the sake of progress, RAN1 can prioritize the alternatives with majority view, i.e., Alt 1 and Alt 2, in the agreements firstly. And based on the analysis given above, informing the TRS/CSI-RS availability to the UE can guarantee the effectiveness of the feature.
Proposal 1: gNB to indicate the TRS/CSI-RS availability information to idle/inactive mode UE(s).
· FFS how to minimize the signalling overhead.
Observation 5: If supporting the functionality of RRM measurement for serving cell is up to UE implementation, RAN1 don’t have to spend much time discussing it. If it requires RAN2 and/or RAN4 specification impact, the power saving gain for additionally supporting this functionality should be evaluated and justified carefully before triggering discussion in RAN2/4.
Proposal 2: Deprioritize the discussion for TRS/CSI-RS functionality of RRM measurement for serving cell.
Observation 6: Multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s) can avoid frequent higher layer signalling update for changing RS settings and allow better gNB indication flexibility.
Proposal 3: gNB can configure multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s).
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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 � HYPERLINK "C:\\Users\\wanshic\\OneDrive - Qualcomm\\Documents\\Standards\\3GPP Standards\\Meeting Documents\\TSGR1_103\\Docs\\R1-2009791.zip" ��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)





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.
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Power saving gain N/a 13.9% 10.5%

Note 1: the calculation assumes TRS/CSI-RSis transmitted
Note 2: TRS/CSI-RS detection rate is 80%




