3GPP TSG RAN WG1 Meeting #103-e 
R1-2008965
e-Meeting, October 26th – November 13th, 2020
Agenda Item: 8.7.1.2
Source: MediaTek Inc.

Title: On TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving
Document for: Discussion and decision
1 Introduction
In RAN1 #102-e meeting, the following agreements regarding TRS/CSI-RS occasion(s) for idle/inactive mode UE power saving were made.
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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 further considers what information should be provided in TRS/CSI-RS configuration.

2 Discussion on TRS/CSI-RS availability signaling

One remaining issue in RAN1 #102-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
When TRS/CSI-RS occasion is right before PO, if a UE knows the existence of TRS/CSI-RS by signaling as shown in Figure 1(b), the UE does not have to receive the first two SS bursts if the TRS/CSI-RS exists. However, if a UE has to blindly detect the presence of TRS/CSI-RS as depicted in Figure 1(c), the UE still has to receive multiple SS burst to ensure good performance for paging PDCCH/PDSCH reception.
Based on the UE processing timeline in Figure 1, the evaluation results are provided in Table 1. When blind detection on TRS/CSI-RS existence is not needed, UE power saving gain is 23.77%. And when UE has to perform blind detection, the power consumption is higher than that of baseline.
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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 power saving gain is 23.77% if TRS/CSI-RS availability is informed to UE. On the other hand, if UE has to blindly detect the TRS/CSI-RS existence, the power consumption is higher than that of baseline.

Case #2: TRS/CSI-RS occasion is NOT right before PO - Figure 2
The UE processing timeline is shown in Figure 2 for TRS/CSI-RS occasion(s) not right before PO. Before a PO, when TRS/CSI-RS is right after the first SS burst, 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 13.89% and 10.49% for the case with and without blind detection, i.e., Figure 2(b) and Figure 2(c)+2(d), respectively. Here we assume the TRS/CSI-RS detection rate is 80%. Compared to the case that TRS/CSI-RS availability is informed to UE, the loss of power saving gain due to blind detection is small (~3.4%).
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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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Note 1: 80 % of TRS/CSI-RS detection rate is assumed




Observation 2: When TRS/CSI-RS occasion(s) is NOT right before paging occasion, whether TRS/CSI-RS availability is informed to UE has small impact to power saving gain. ~13.9% and 10.5% of power saving gain can be achieved for the cases with and without blind detection, respectively.
Based on the discussions above, we can observe that how large the power saving gain for TRS/CSI-RS occasion(s) to idle/inactive mode UE can be achieved is highly related to RS location. The blind detection on TRS/CSI-RS existence has large impact to the power saving gain when TRS/CSI-RS is right before PO. But, the impact is small when TRS/CSI-RS is far away from PO. Therefore, considering the balance between UE power saving and gNB signaling overhead, whether blind detection is required for the UE can be signalled. If the signaling is “no”, the TRS/CSI-RS transmission is guaranteed on its occasion(s) and UE blind detection is not needed; otherwise, the UE needs to perform blind detection.
Observation 3: Whether TRS/CSI-RS availability information has large impact on UE power saving depends on its location. When TRS/CSI-RS is right before PO, the power saving gain loss is large (~25%). But when RS is far away from PO, the loss is small (~3%). Therefore, it is good to allow the network flexibility to decide whether to signal the availability information. 

Proposal 1: gNB to indicate idle/inactive mode UE(s) whether the blind detection on TRS/CSI-RS existence is needed.

3 Configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE
One FFS in RAN1 #102-e meeting is how and what information for TRS/CSI-RS occasion(s) to configure to idle/inactive mode UE. The higher layer signaling for configuration proposed by companies include SIB, RRC release message, dedicated RRC signaling, etc. Considering that it is possible for an idle mode UE to reselect a new cell that is not yet connected before, it is proper to provide the configuration of TRS/CSI-RS occasion(s) via SIB. On the other hand, we also think this issue can be discussed in RAN2 so that RAN1 can focus on what information to be configured through the higher layer signaling.

Observation 4: RAN2 can discuss which higher layer signaling to provide the configuration of TRS/CSI-RS occasion(s). And RAN1 can focus on what information should be provided for TRS/CSI-RS configuration.
Proposal 2: Send LS to RAN2 for designing higher layer signaling to provide the configuration of TRS/CSI-RS occasion(s) to idle/inactive mode UE.
Regarding what information of TRS/CSI-RS occasion(s) to be configured, 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 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 signaling update for changing TRS/CSI-RS settings, multiple sets of TRS/CSI-RS configurations can be configured to idle/inactive mode UE.

Observation 5: Multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s) can avoid frequent higher layer signaling 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).
4 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. And we further consider the configurations of TRS/CSI-RS occasion(s). Based on the discussions, we have the following observations and proposals.
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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 power saving gain is 23.77% if TRS/CSI-RS availability is informed to UE. On the other hand, if UE has to blindly detect the TRS/CSI-RS existence, 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, whether TRS/CSI-RS availability is informed to UE has small impact to power saving gain. ~13.9% and 10.5% of power saving gain can be achieved for the cases with and without blind detection, respectively.
Observation 3: Whether TRS/CSI-RS availability information has large impact on UE power saving depends on its location. When TRS/CSI-RS is right before PO, the power saving gain loss is large (~25%). But when RS is far away from PO, the loss is small (~3%). Therefore, it is good to allow the network flexibility to decide whether to signal the availability information.
Proposal 1: gNB to indicate idle/inactive mode UE(s) whether the blind detection on TRS/CSI-RS existence is needed.
Observation 4: RAN2 can discuss which higher layer signaling to provide the configuration of TRS/CSI-RS occasion(s). And RAN1 can focus on what information should be provided for TRS/CSI-RS configuration.
Proposal 2: Send LS to RAN2 for designing higher layer signaling to provide the configuration of TRS/CSI-RS occasion(s) to idle/inactive mode UE.
Observation 5: Multiple sets of TRS/CSI-RS configurations to idle/inactive mode UE(s) can avoid frequent higher layer signaling 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:


New types/patterns of TRS/CSI-RS are not introduced specifically for idle/inactive mode UE.


Agreements:


The TRS/CSI-RS occasion(s) that may be for connected mode UEs can be shared to idle/inactive mode UEs. 


-  Note: It is understood that gNB can potentially share the occasions to idle/inactive (which would just mean it up to NW whether to share or not share).


-  Note: It is understood that TRS/CSI-RS in the TRS/CSI-RS occasion(s) may or may not be transmitted.


-  Note: Always-on TRS/CSI-RS transmission by gNodeB is not required


-  At least TRS/CSI-RS occasion(s) corresponding to periodic TRS is supported 


- FFS for other RS types


-  FFS: Whether UE blind detection is required or not.


Agreements:


Idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for functionalities such as: 


-           AGC, time/frequency tracking


-           FFS: RRM measurement for serving cell, RRM measurement for neighbour cell, paging reception indication








Agreements:


The configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signalling


-           FFS higher layer signalling candidates (e.g., SIB, dedicated RRC, RRC release message, etc.)


-           FFS for other signalling candidates (e.g., pre-configuration, etc.)


-           FFS for detailed configuration parameters (e.g., whether and how to reduce the signalling overhead for configuration, etc.)


Agreements:


Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE (implicitly or explicitly).


- Note: Availability corresponds to the information for whether TRS/CSI-RS is actually transmitted or not.











