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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.

Reasons to introduce TRS/CSI-RS in idle 
[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), UE may need to wake-up to receive 2 SSB burst (i.e., wake up two times) for AGC, T/F tracking and serving cell measurement before PO monitoring.



Figure 2: Case-2: 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
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 example, UE could only wake up one time and stay active to perform AGC, T/F tracking, serving cell measurement and paging monitoring in short period.
In RAN1#95, some benefits of introducing additional resource were identified [2].
	Agreements:
Observation: Under certain conditions and certain deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.


In our view, UE can perform AGC, T/F tracking and serving cell measurement based on TRS/CSI-RS in idle/inactive mode. 
Proposal 1: UE can perform AGC, T/F tracking, serving cell measurement with TRS/CSI-RS in idle/inactive mode.

TRS/CSI-RS configuration
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)
In our view, both cell specific and UE-specific TRS/CSI-RS configuration should be considered at the beginning of the WI.
Proposal 2: Both cell specific and UE-specific TRS/CSI-RS configuration should be considered.

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
Following the power model defined in 38.840 [2], we calculate the power consumption with power scaling for different power states for IDLE mode UE shown in the following table according to [3].
Table 1: Power consumption for different power state
	Power state
	Relative Power

	SSB
	50

	[bookmark: OLE_LINK36][bookmark: OLE_LINK37]TRS/CSI-RS
	50

	Neighbour cell measurement 
	60

	PDCCH_Only
	50

	PDCCH+PDSCH
	120

	Micro sleep
	45

	Light sleep
	20

	Deep sleep
	1

	Light sleep to non-sleep
	100

	Deep sleep to non-sleep
	450



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
	60%



[bookmark: OLE_LINK38][bookmark: OLE_LINK39]To simplify the evaluation, for Case 1, no neighbor cell measurement is assumed; For Case-2, 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, four different test cases are assumed as the following table:
Table 3: Four 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=640ms

	
	Case-1

	Test 4
	Paging cycle=640ms

	
	Case-2



[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
	Note

	PDCCH-only energy
	2000
	2000
	No neighbor cell measurement is assumed

	PDCCH+PDSCH energy
	7200
	7200
	

	SSB or TRS/CSI-RS processing
	20000
	20000
	

	Deep sleep
	248000
	251000
	

	Light sleep
	28000
	NA
	

	Deep sleep to non-sleep
	45000
	45000
	

	Light sleep to non-sleep
	5000
	NA
	

	Neighbor cell measurement
	NA
	NA
	

	Total Power consumption
	355200
	325200
	

	Power saving gains
	8.45%
	



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

	PDCCH-only energy
	2000
	2000
	One 5ms SMTC window is assumed for neighbor cell measurement after PO

	PDCCH+PDSCH energy
	7200
	7200
	

	SSB or TRS/CSI-RS processing
	40000
	40000
	

	Deep sleep
	244000
	248000
	

	Light sleep
	112000
	56000
	

	Deep sleep to non-sleep
	45000
	45000
	

	Light sleep to non-sleep
	25000
	15000
	

	Neighbor cell measurement
	60000
	60000
	

	Total Power consumption
	535200
	473200
	

	Power saving gains
	11.6%
	



[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Table 6: The evaluation results of test 3
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission
	Note


	PDCCH-only energy
	2000
	2000
	No neighbor cell measurement is assumed

	PDCCH+PDSCH energy
	7200
	7200
	

	SSB or TRS/CSI-RS processing
	20000
	20000
	

	Deep sleep
	122000
	123000
	

	Light sleep
	28000
	NA
	

	Deep sleep to non-sleep
	45000
	45000
	

	Light sleep to non-sleep
	5000
	NA
	

	Neighbor cell measurement
	NA
	NA
	

	Total Power consumption
	229200
	197200
	

	Power saving gains
	14.0%
	



Table 7: The evaluation results of test 4
	
	Without TRS/CSI-RS transmission
	With TRS/CSI-RS transmission
	Note

	PDCCH-only energy
	2000
	2000
	One 5ms SMTC window is assumed for neighbor cell measurement after PO

	PDCCH+PDSCH energy
	7200
	7200
	

	SSB or TRS/CSI-RS processing
	40000
	40000
	

	Deep sleep
	116000
	120000
	

	Light sleep
	112000
	56000
	

	Deep sleep to non-sleep
	45000
	45000
	

	Light sleep to non-sleep
	25000
	15000
	

	Neighbor cell measurement
	60000
	60000
	

	Total Power consumption
	407200
	345200
	

	Power saving gains
	15.3%
	



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 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 AGC, T/F tracking, 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.
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