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Introduction
A work item on UE Power Saving Enhancements for NR was approved in RAN#86 (Dec 2019, RP-193239), and the WID was further updated in RP-200938 (RAN#88, June 2020) [1]. One objective is about specifying the indication of TRS/CSI-RS to idle/inactive-mode UEs:
1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) 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
b) 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 contribution, we discuss the potential options for TRS/CSI-RS indication.
Discussion
The intention of indicating TRS/CSI-RS occasion(s) to idle/inactive-mode UEs is to facilitate UE synchronization, so that the UE does not need to wake up for too long or too far in advance for synchronization, which saves UE power. However, there is strong motivation to avoid always-on signal from network perspective for overhead consideration. The ideal situation is to make use of the TRS/CSI-RS that is configured for connected-mode UEs, so that no additional overhead is introduced.
In terms of how to indicate TRS/CSI-RS occasions, there can be two categories of approaches. One category is to indicate periodic TRS/CSI-RS, and another category is to indicate aperiodic TRS/CSI-RS.
Option 1: Indication of periodic TRS/CSI-RS
With indication of periodic TRS/CSI-RS, the UE knows in advance where the TRS/CSI-RS occasions are located, and can decide when to wake up based on the TRS/CSI-RS locations. As an example, if there is a TRS/CSI-RS occasion prior to each PO that is sufficient for UE to perform synchronization, a UE can wake up only at the last SSB occasion before the PO.
There may be a concern that this would require the network to additionally configure periodic RS signal for this purpose. However, the indicated TRS/CSI-RS can be the one(s) configured for connected UEs, in which case no additional overhead is required.
A mechanism is necessary to provide update for the periodic TRS/CSI-RS, e.g., when the network changes the TRS/CSI-RS configuration for the connected-mode UEs. However, the update should be rather infrequent because the gNB has control on what TRS/CSI-RS resources are configured for connected UEs. For example, as long as there is one connected UE, the gNB can choose to use that resource so that the indication for idle/inactive UEs does not need to be changed.
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[bookmark: _Ref47472648]Figure 1 Periodic TRS/CSI-RS for idle/inactive UEs
Option 2: Indication of aperiodic TRS/CSI-RS
Alternatively, the aperiodic TRS/CSI-RS occasion(s) can be indicated dynamically. This provides the network more flexibility in terms of whether/what to indicate each time depending on the availability of the RS(s). For the UE, it does not know in advance (before receiving the indication) whether any assisting RS is available, and if yes, where the RS is. This means that the UE still needs to wake up some time earlier assuming the worst case (i.e. no RS is available) before receiving the indication. This can work well together with WUS, which also needs to be transmitted some time earlier. Figure 2 illustrates an example where the TRS indication is delivered together with WUS.
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[bookmark: _Ref47478522]Figure 2 Illustration of TRS indication that is delivered together with WUS
If cross-slot scheduling is used for paging PDSCH, another option is to include TRS/CSI-RS indication in the paging DCI, with TRS transmitted between PDCCH and PDSCH, as shown in Figure 3. However, this would only help UE synchronization only if the TRS/CSI-RS can always be guaranteed. Otherwise the UE would still need to assume for the worst case that no TRS/CSI-RS is available and wake up in advance.
[image: ]
[bookmark: _Ref47525184]Figure 3 Illustration of TRS indication that is delivered together with WUS
If we go with Option 2 and assume that TRS/CSI-RS is not always available, it does not work well for the UE unless the indication is transmitted far in advance (as shown in Figure 2). On the other hand, with periodic TRS/CSI-RS, the presence/location is completely known at the UE and can be fully utilized by the UE, which is preferable for the UE. From network perspective, as mentioned earlier, the gNB has good control on which RS resources are used for connected UEs, so this should not create much additional overhead.
For indication of periodic TRS/CSI-RS, the most straightforward way is to use broadcast message such as SIB, and in this case, the SI update procedure can be directly reused to update the indication (assuming the update is not frequent). Therefore, we propose:
Proposal: Consider the support of indicating periodic TRS/CSI-RS occasions to idle/inactive-mode UEs via a broadcast message such as SIB.

Conclusion
In this contribution, we discussed the potential options for indicating TRS/CSI-RS occasions to idle-inactive-mode UEs and proposed the following:
Proposal: Consider the support of indicating periodic TRS/CSI-RS occasions to idle/inactive-mode UEs via broadcast message such as SIB.
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