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Introduction
In RAN 86 meeting, it was agreed to specify means to provide potential TRS/CSI-RS occasion(s) available in connected mode to idle/inactive-mode UEs, and minimize system overhead impact [1].
	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 #100 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 paper, we discuss our views on this aspect.
[bookmark: _GoBack]
Reasons to introduce TRS/CSI-RS in idle/inactive mode
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]When UE operates in RRC-IDLE or RRC-INACTIVE state, UE might need to perform RRM measurement, cell re-selection if triggered and paging monitoring every paging cycle. In general, UE is expected to perform the following activities in RRC-IDLE or RRC-INACTIVE state:
· Loop convergence, e.g., AGC/TTL/FTL and etc. 
· RRM measurement for cell reselection. 
· Paging monitoring
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]In LTE, all above activities could be performed based on CRS in each PO. For NR UE, these activities are based on SSB, which may not be presented close to PO. Therefore, in normal case (as shown in Figure 1), UE may need to wake up two times in every paging cycle. One is to perform AGC/TTL/FTL and RRM for serving cell based on SSB (SMTC), the other one is to monitor paging occasion. 


[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Figure 1: Case-1: UE power consumption in each paging cycle 
[bookmark: OLE_LINK88][bookmark: OLE_LINK89]In worse case, e.g., for the poor channel condition or lager paging cycle (as shown in Figure 2 and Figure 3), UE may need to wake-up to receive 2 SSB burst or  3 SSB burst for AGC, T/F tracking and serving cell measurement before PO monitoring.



Figure 2: Case-2: UE power consumption in each paging cycle 


Figure 3: Case-3: UE power consumption in each paging cycle 

From above analysis, UE may need to wake up multiple times.
Observation 1: UE may need to wake up multiple times for AGC, T/F tracking, serving cell measurement and PO monitoring in each paging cycle.

TRS/CSI-RS occasion(s) for idle/inactive UEs

Function of TRS/CSI-RS
In RAN1#102e, it agreed that idle/inactive UE may use the TRS/CSI-RS occasion(s) that are shared to it for AGC, time/frequency tracking [2]. The function of RRM measurement for serving cell, RRM measurement for neighbor cell, paging reception indication need further study.
	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


As mentioned above, UE may need to wake-up multiple times for AGC, T/F tracking, serving cell measurement and paging monitoring in each paging cycle. If UE can perform AGC, T/F tracking and RRM measurement for serving cell based on TRS/CSI-RS, the number of times UE wakes up will be significantly reduced in each paging cycle. For Case-1, in our evaluation, TRS/CSI-RS transmission with function of RRM measurement for serving cell for idle/inactive mode UE can bring 12%~17% power saving gains. Therefore, UE can perform serving cell measurement based on TRS/CSI-RS in idle/inactive mode should be supported. 
For paging reception indication, it is a consensus that WUS like indication is categorized in " a. Study and specify paging enhancement(s)" and not "b. Specify means to provide potential TRS/CSI-RS occasion(s)". Furthermore, if the availability of TRS/CSI-RS for idle/inactive mode is informed to the UE, the TRS/CSI-RS cannot be used as a paging reception indication. 
Proposal 1: UE can perform serving cell measurement with TRS/CSI-RS in idle/inactive mode.

TRS/CSI-RS configuration
In RAN1#102e, it agreed that the configuration of TRS/CSI-RS occasion(s) for idle/inactive mode UE(s) is provided by higher layer signaling.
	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.)



TRS/CSI-RS configuration for idle/inactive mode UE should consider both system overhead impact and signaling overhead. There are two TRS/CSI-RS configuration options for idle/inactive mode UE:
· Cell specific TRS/CSI-RS configuration, e.g., via RMSI broadcasts TRS/CSI-RS configuration
· UE-Specific RRC signaling, i.e., gNB configures RS when the UE is in CONNECTED mode via UE specific RRC signaling (e.g., via RRC release message)
Before making decision on method for TRS/CSI-RS configuration, it would be better to discuss necessary parameters which should be conveyed by higher layer signaling. In our view, both cell specific and UE-specific TRS/CSI-RS configuration should be considered. We propose to hold on and discuss on this issue until other design principle is determined.
Proposal 2: Both cell specific and UE-specific TRS/CSI-RS configuration should be considered.

Availability indication of TRS/CSI-RS
In RAN1#102e, it agreed that Further study whether and how to inform the availability of TRS/CSI-RS to idle/inactive mode UE.
	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.


As we know, the purpose of introducing TRS/CSI-RS is to prevent UE from waking up too early to get the finer frequency and time synchronization for paging reception. UE should know whether the TRS/CSI-RS is available in advance, otherwise, the benefits of introducing TRS/CSI-RS occasion(s) for idle/inactive UEs cannot be obtained. Furthermore, if there is no availability indication of TRS/CSI-RS to let UE know that TRS is available in advance, then UE needs to detect TRS/CSI-RS blindly. Blind detection of TRS/CSI-RS may cause additional power consumption. In our view, gNB needs to inform the availability of TRS/CSI-RS to idle/inactive mode UE in advance. In idle/inactive mode, indication of the availability of TRS/CSI-RS can be included in existing physical layer signal/channel, e.g., paging DCI/paging PDSCH.
Proposal 3: gNB needs to inform the availability of TRS/CSI-RS to idle/inactive mode UE in advance.

Evaluation
In this section, we will simply evaluate the energy-saving gain brought by TRS/CSI-RS transmission in idle/inactive mode.
Evaluation methodology
Baseline assumption in our evaluation is assumed as the following:
· SCS=30KHz
· Paging cycle=1280/640ms
· SSB burst periodicity=20ms
· UE bandwidth=20MHz
In RAN1#102e, it agreed that the following power consumption model for FR1 is utilized for the evaluations of Rel-17 UE power saving enhancements in idle/inactive mode.
Table 1: Power consumption for different power state
	[bookmark: _Hlk54344079]Power State
	Relative Power
(FR1 reference from TR 8438.840)
	Relative Power 
(Idle/inactive-mode operation with reception bandwidth 20 MHz)

	Deep Sleep (PDS)
	1
	1

	Light Sleep (PLS)
	20
	20

	Micro sleep (PMS)
	45
	45

	PDCCH-only (PPDCCH)
	100
	50Note

	PDCCH + PDSCH (PPDCCH+PDSCH)
	300
	120

	PDSCH-only (PPDSCH)
	280
	112

	SSB/CSI-RS proc. (PSSB)
	100 (synchronization or serving cell measurement)
	50

	Intra-frequency RRM measurement (Pintra)
	·        150 (synchronous case, N=8, measurement only; Pintra, meas-only)
·        200 (combined search and measurement; Pintra, search+meas)
	·        [60] (synchronous case, N=8, measurement only; Pintra, meas-only)
·        [80] (combined search and measurement; Pintra, search+meas)

	Inter-frequency RRM measurement (Pinter)
	·        150 (measurement only per freq. layer; Pinter, meas-only)
·        150 (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer
	·        [60] (measurement only per freq. layer; Pinter, meas-only)
·        [150] (neighbor cell search power per freq. layer; Pinter, search-only)
·        Micro sleep power assumed for switch in/out a freq. layer

	Note: Power scaling to 20MHz reception bandwidth follows the rule in Section 8.1.3 of TR 38.840, i.e., max{reference power * 0.4, 50}.



Paging traffic model in our evaluation is assumed as the following table:
Table 2: Paging traffic model for evaluation
	Paging rate
	0.01

	UEs per group
	100

	Group paging rate
	10%



[bookmark: OLE_LINK38][bookmark: OLE_LINK39]To simplify the evaluation, for Case-1, no neighbor cell measurement is assumed; For Case-2 and Case-3, one 5ms SMTC window is assumed for neighbor cell measurement after PO. In our evaluation, the TRS/CSI-RS transmission occasion is assumed before the PO. 

Evaluation results
To evaluate the power gains of introducing TRS/CSI-RS transmission in idle/inactive mode, six different test cases are assumed as the following table:
Table 3: Six different test cases
	
	Evaluation assumptions

	[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Test 1
	[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Paging cycle=1.28s

	
	Case-1 

	Test 2
	Paging cycle=1.28s

	
	Case-2 

	Test 3
	Paging cycle=1.28s

	
	Case-3 

	Test 4
	Paging cycle=640ms

	
	Case-1

	Test 5
	Paging cycle=640ms

	
	Case-2

	Test 6
	Paging cycle=640ms

	
	Case-3



[bookmark: OLE_LINK57][bookmark: OLE_LINK58]For each test case, we evaluate the power saving gain with TRS/CSI-RS transmission compared to the scenario without TRS/CSI-RS transmission in idle/inactive mode. The evaluation time is 100 paging cycles for each test case. The power saving gains for different test cases are shown in the following tables:
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Table 4: The evaluation results of test 1
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	4500
	4500

	PDCCH+PDSCH energy
	1200
	1200

	SSB or TRS/CSI-RS processing
	12000
	12000

	Deep sleep
	126000
	128000

	Light sleep
	18000
	NA

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	10000
	NA

	Neighbor cell measurement
	NA
	NA

	Total Power consumption
	216700
	190700

	Power saving gains
	12.0%

	[bookmark: OLE_LINK50][bookmark: OLE_LINK51]Note1: No neighbor cell measurement is assumed.
Note2: UE can perform serving cell measurement with TRS/CSI-RS.



Table 5: The evaluation results of test 2
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	18000
	18000

	PDCCH+PDSCH energy
	4800
	4800

	SSB or TRS/CSI-RS processing
	22000
	22000

	Deep sleep
	123500
	125500

	Light sleep
	64000
	28000

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	30000
	20000

	Neighbor cell measurement
	30000
	30000

	Total Power consumption
	337300
	293300

	Power saving gains
	13.0%

	Note: One 5ms SMTC window is assumed for neighbor cell measurement after PO.



Table 6: The evaluation results of test 3
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	18000
	18000

	PDCCH+PDSCH energy
	4800
	4800

	SSB or TRS/CSI-RS processing
	32000
	22000

	Deep sleep
	121500
	123500

	Light sleep
	200000
	80000

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	40000
	20000

	Neighbor cell measurement
	30000
	30000

	Total Power consumption
	391300
	303300

	Power saving gains
	22.5%

	Note: One 5ms SMTC window is assumed for neighbor cell measurement after PO.




[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Table 7: The evaluation results of test 4
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	4500
	4500

	PDCCH+PDSCH energy
	1200
	1200

	SSB or TRS/CSI-RS processing
	12000
	12000

	Deep sleep
	62000
	64000

	Light sleep
	18000
	NA

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	10000
	NA

	Neighbor cell measurement
	NA
	NA

	Total Power consumption
	152700
	126700

	Power saving gains
	17.0%

	Note1: No neighbor cell measurement is assumed.
Note2: UE can perform serving cell measurement with TRS/CSI-RS.



Table 8: The evaluation results of test 5
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	18000
	18000

	PDCCH+PDSCH energy
	4800
	4800

	SSB or TRS/CSI-RS processing
	22000
	22000

	Deep sleep
	59500
	61500

	Light sleep
	64000
	28000

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	30000
	20000

	Neighbor cell measurement
	30000
	30000

	Total Power consumption
	273300
	229300

	Power saving gains
	16.1%

	Note: One 5ms SMTC window is assumed for neighbor cell measurement after PO.



Table 12: The evaluation results of test 6
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission

	PDCCH-only energy
	18000
	18000

	PDCCH+PDSCH energy
	4800
	4800

	SSB or TRS/CSI-RS processing
	32000
	22000

	Deep sleep
	57500
	59500

	Light sleep
	100000
	40000

	Deep sleep to non-sleep
	45000
	45000

	Light sleep to non-sleep
	40000
	20000

	Neighbor cell measurement
	30000
	30000

	Total Power consumption
	327300
	239300

	Power saving gains
	26.9%

	Note: One 5ms SMTC window is assumed for neighbor cell measurement after PO.



As seen from the above evaluation results, TRS/CSI-RS transmission before PO can bring obvious power saving gain, especially when paging cycle is small. The power saving gain mainly comes from the power reduction of light sleep and the corresponding state transition. 
Observation 2: TRS/CSI-RS transmission for idle/inactive mode UE can bring obvious power saving gains.

Conclusion
As summary, we have the following proposals.
Proposal 1: UE can perform serving cell measurement with TRS/CSI-RS in idle/inactive mode.
Proposal 2: Both cell specific and UE-specific TRS/CSI-RS configuration should be considered.
Proposal 3: gNB needs to inform the availability of TRS/CSI-RS to idle/inactive mode UE in advance.

Observation 1: UE may need to wake up multiple times for AGC, T/F tracking, serving cell measurement and PO monitoring in each paging cycle.
Observation 2: TRS/CSI-RS transmission for idle/inactive mode UE can bring obvious power saving gains.
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