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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
Some agreements have been made in RAN1#102-e (see Appendix).
In this contribution, we evaluate the power saving gain from TRS/CSI-RS indication and discuss the potential options for TRS/CSI-RS indication.

Power Saving Evaluation
The UE power consumption evaluation should account for the activities the UE need to perform in each paging cycle. It depends on the UE’s RF condition (which determines how many SSBs the UE needs to monitor for time/frequency tracking before waking up at the paging occasion (PO) and decoding paging DCI/PDSCH) and the RRM measurement activities (intra-frequency and inter-frequency RRM).
In order to understand the power saving gain in different cases, we consider the following baseline cases:
· Case 1: low SINR, 3 SSBs for time/frequency tracking before each PO, with intra-frequency and inter-frequency measurement in each cycle (Figure 1)
· Case 2: low SINR, 3 SSBs for time/frequency tracking before each PO, with intra-frequency and inter-frequency measurement relaxation (with measurement once every 3 paging cycles) (Figure 1)
· Case 3: Medium SINR, 2 SSBs for time/frequency tracking before each PO (Figure 2)
· Case 4: High SINR, 1 SSBs for time/frequency tracking before each PO (Figure 3)
The offset between SSB and PO can vary, depending on the position of the PO. To evaluate the impact, we consider two representative cases:
· Case A: the SSB and the PO are offset by 10 ms (note that the SSB periodicity is 20 ms)
· Case B: the PO is immediately after the SSB.
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Figure 1 Case 1 (without RRM relaxation) and Case 2 (with RRM relaxation) – low SINR
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Figure 2 Case 3 – medium SINR
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Figure 3 Case 4 – high SINR
If TRS/CSI-RS is present to facilitate time/frequency tracking, the UE does not need to wake up too much in advance. Assuming only one SSB is needed, the UE monitoring activities are shown in Figure 4 for low SINR case. For power saving evaluation, it is assumed that TRS/CSI-RS is located between SSB and PO, and the UE is in micro sleep state in empty slots between SSB and PO.
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Figure 4 Case 1 (without RRM relaxation) and Case 2 (with RRM relaxation) with TRS – low SINR

The power saving gain from TRS/CSI-RS is summarized in Table 1, assuming group paging rate of 10%. The detailed evaluation assumptions are provided in Appendix A and Appendix B.
	
	Case 1
	Case 2
	Case 3
	Case 4

	SSB and PO have 10 ms offset
	23.4%
	25.3%
	13.7%
	< 0

	SSB and PO are adjacent
	17.5%
	22.0%
	8.6%
	< 0


Table 1 Power saving gain from TRS/CSI-RS (group paging rate = 10%)
Note that there is no power saving with TRS for Case 4 (high SINR), because no additional TRS is needed for the UE, and TRS/CSI-RS only unnecessarily consumes additional power. In this case, the UE can choose not to monitor TRS/CSI-RS and directly decode paging DCI.
From the evaluation results, it is observed that TRS/CSI-RS provides significant power saving for the UE, especially for low SINR UEs which need power saving most.
Observation 1: The presence of TRS/CSI provides 8~25% power saving for group paging rate of 10%.

Indication of TRS/CSI-RS
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.
Whether to indicate the availability of TRS/CSI-RS occasion(s)
One of the most controversial points in RAN1#102-e discussion was whether the availability of TRS/CSI-RS occasion(s) should always be indicated to UE explicitly or implicitly. A few options have been discussed:
· Option 1: it is completely up to gNB implementation to determine whether to transmit the configured TRS/CSI-RS occasion(s), and the UE has no knowledge at all.
· This provides most flexibility to gNB as it has complete freedom on whether to transmit the TRS/CSI-RS or not.
· However, this is very difficult for the UE to achieve power saving gain. Since the UE does not know if the TRS/CSI-RS would be present or not, it still needs to wake-up early to accommodate the worst case (when the TRS/CSI-RS is not present). Therefore, we think this option should not be considered further.
· Note that for the power saving evaluation above, it is assumed that TRS/CSI-RS is present for the UE to use.
· Option 2: The configured TRS/CSI-RS occasion(s) are always transmitted once configured.
· This is the other extreme where the configured TRS/CSI-RS is always transmitted. The UE can always count on the configured TRS/CSI-RS occasion(s) for AGC and time/frequency tracking and it does not need to wake up too far in advance.
· The concern is that the reconfiguration of the TRS/CSI-RS occasions can be slow, and may create additional network overhead.
· Option 3: The configured TRS/CSI-RS is required to be transmitted only if there is paging DCI/PDSCH.
· Practically the UE needs TRS/CSI-RS to help with the time/frequency tracking only if there is paging DCI/PDSCH. Therefore, it would be sufficient already for the UE if TRS/CSI-RS is guaranteed to be present when there is paging DCI/PDSCH. The benefit of this approach is that it can potentially reduce the burden/overhead for the gNB to always transmit TRS/CSI-RS, and it is transmitted only when needed. This is especially useful for reduced overhead during the transition period when the TRS/CSI-RS is no longer used by connected UEs but the configuration for idle/inactive UEs has not been changed yet.
· Option 4: It can be dynamically indicated whether the configured TRS/CSI-RS occasion(s) are transmitted or not.
· [bookmark: OLE_LINK1]The dynamic indication can be potentially carried in paging DCI.
· If cross-slot scheduling is used and there is sufficient gap between DCI and PDSCH, TRS/CSI-RS can be transmitted in the gap. UE can then use it to improve the tracking for PDSCH decoding. However, if TRS/CSI-RS cannot be guaranteed, the UE would still need to wake up earlier to achieve sufficient tracking performance in case TRS/CSI-RS is not present. Therefore, this does not help the UE power saving.
· A more practical approach is to indicate the availability of TRS/CSI-RS for the future paging cycles, so that the UE knows in advance when it should wake up. 
· The dynamic indication can be potentially carried in paging PDSCH.
· This can be used to indicate the availability of TRS/CSI-RS for the future paging cycles.
· The dynamic indication can be potentially carried together with WUS.
· This can be quite straightforward if WUS is supported using PDCCH.
· Evaluation results are provided for the power saving gain with TRS/CSI-RS on top of WUS in Figures 5, 6, and 7 for case 1, 2, and 3, respectively. It is observed that TRS/CSI-RS provides consistent power saving for different group paging rate because it reduces the UE power consumed for tracking. It provides meaningful power saving on top of WUS, especially for higher group paging rate.
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Figure 5 Power saving gain from TRS/CSI-RS on top of WUS for case 1
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Figure 6 Power saving gain from TRS/CSI-RS on top of WUS for case 2
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Figure 7 Power saving gain from TRS/CSI-RS on top of WUS for case 3
Observation 2: Indicating the presence of TRS/CSI-RS on top of WUS provides meaningful additional gain, especially for high group paging rate.

Among the 4 options, Option 3 achieves the full UE power saving potential but still provides the gNB opportunities to reduce the overhead. In addition, if WUS is introduced, Option 4 also provides good power saving.
Proposal 1: The configured TRS/CSI-RS is required to be transmitted in the occasion(s) before the paging occasion only if there is a paging DCI/PDSCH in the paging occasion. FFS details.
Proposal 2: If wake-up signal is supported for paging, consider introducing the dynamic indication of TRS/CSI-RS together with the wake-up signal.

For the configuration of TRS/CSI-RS occasions, the following was agreed in RAN1#102-e:
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.)

In our view, the configuration of TRS/CSI-RS occasions need to be broadcast because the idle/inactive UEs are moving, and we need to have mechanisms to notify the idle/inactive UEs about the TRS/CSI-RS configuration when they move to a new cell. Using dedicated RRC messages such as RRC release/suspend messages does not really work with UE mobility across cells (unless the network has a unified TRS/CSI-RS configuration across all the cells).
Proposal 3: The (re-)configuration of TRS/CSI-RS occasions for idle/inactive mode UE(s) is provided by SIB.

Conclusion
In this contribution, we evaluated the power saving gain from indicating TRS/CSI-RS occasions to idle-inactive-mode UEs and made the following observations and proposals:
Observation 1: The presence of TRS/CSI provides 8~25% power saving for group paging rate of 10%.
Observation 2: Indicating the presence of TRS/CSI-RS on top of WUS provides meaningful additional gain, especially for high group paging rate.
Proposal 1: The configured TRS/CSI-RS is required to be transmitted in the occasion(s) before the paging occasion only if there is a paging DCI/PDSCH in the paging occasion. FFS details.
Proposal 2: If wake-up signal is supported for paging, consider introducing the dynamic indication of TRS/CSI-RS together with the wake-up signal.
Proposal 3: The (re-)configuration of TRS/CSI-RS occasions for idle/inactive mode UE(s) is provided by SIB.

Reference
[1] RP-200938, Revised WID UE Power Saving Enhancements for NR, MediaTek Inc., RAN#88e, June 2020.

Appendix A: Evaluation Assumptions
	Parameter
	Value

	SCS
	30 kHz

	Paging cycle
	1.28 sec

	Group paging rate
	10% unless specified otherwise

	SSB periodicity
	20 ms

	SSB duration
	2 ms (for time/frequency tracking and serving cell measurement)

	Intra-frequency RRM measurement
	Assumes synchronized deployment, 20 ms SMTC periodicity, 2ms SMTC window that overlaps with serving cell SSB

	Inter-frequency RRM measurement
	5 ms SMTC window and 6 ms measurement gap

	PO duration
	2 ms

	TRS duration
	2 ms



Appendix B: Power Consumption Model
	Power State
	Relative Power (per slot)

	Deep sleep
	1

	Light sleep
	20

	Micro sleep
	45

	PDCCH-only
	50

	PDCCH+PDSCH
	120

	PDSCH-only
	112

	SSB/CSI-RS processing
	50

	Intra-frequency RRM measurement
	60 for measurement only, 80 for combined search and measurement (synchronous)
Probability for intra-frequency cell search = ¼

	Inter-frequency RRM measurement
	60 for measurement only, 60 for neighbor cell search
Probability for inter-frequency cell search = ¼
Micro sleep power assumed for switch in/out a frequency layer

	TRS
	50



Appendix C: Related agreements
RAN1#102-e
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 neighbor cell, paging reception indication

Observation:
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.)


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.
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