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1	Introduction 
In RAN1#94-Bis [1], the following agreements have been achieved for RRM power saving:

Agreements:
· RRM power saving study should consider RRC IDLE, INACTIVE and CONNECTED states.
Agreements:
· Further study on relaxing/adapting RRM measurement for UE power saving, 
Agreements:
· Further study on the benefit/impact for additional resource for RRM measurements for power saving for mobility performance not inferior to that of Rel-15 
· The schemes proposed should at least include the following aspects:
· The signals/channels used as additional resource
· Procedure on how to use additional resources.
· Overhead from network perspective should be considered.
Agreements:
· Further studies UE power saving for RRM measurement by considering the following issues
· Multi-beam/multi-cell related RRM measurement issues.
· Possible misalignment between SSB(s)/SMTC and DRX ON duration

In this contribution, we further elaborate RRM power consumption issues and solutions.
2	NR RRM Power Consumption Analysis
In the previous t-doc [2], we considered several typical RRM behaviors as shown in Figures 1 to 3
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Figure 1. Case 1: UE behaviour with fully aligned SMTC window and DRX on-duration
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Figure 2. Case 2: UE behaviour with time difference between the start of SMTC window and the start of DRX on duration
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Figure 3. Case 3: UE behaviour with AGC tuning that requires one additional SS burst

For power consumption analysis, we assume 40ms DRX cycle, 4ms DRX on duration, 30KHz SCS, 4ms SMTC duration, 20ms SMTC period. With the power model agreed in RAN1#94b [1][2] provided in Appendix, we can derive normalized power consumption values for the three cases as shown in Table I. The detailed calculation are provided in the Appendix.

	
	Normalized power consumption value
	Relative power overhead compared to Case 1

	Case 1
	27.15
	0%

	Case 2
	42.40
	56%

	Case 3
	62.65
	131%



Table I: Relative power value comparison for Cases 1 to 3

Comparing Case 2 and Case 1, Case 2 shows 56% power overhead. This overhead is due to misalignment between SMTC window and DRX on-duration. Comparing Case 3 and Case 1, Case 3 indicates 131% power overhead, which further includes the worst case overhead of AGC tuning.

Observation 1: The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption.
3	Reduce Measurement Wakeups
From 38.133 [3], the measurement report period will depend on SMTC period and DRX period; as shown below:
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For 20ms SMTC period and 40ms DRX cycle, Table II shows the corresponding relative power consumption values for different measurement frequency.

	
	Measurement per 1 DRX
	Measurement per 2 DRX
	Measurement per 4 DRX

	Case 1
	27.15
	24.65 (9% saved)
	23.40 (14% saved)

	Case 2
	42.40
	32.28 (24% saved)
	27.21 (36% saved)

	Case 3
	62.65
	42.40 (32% saved)
	32.28 (48% saved)



Table II: Normalized power value for different measurement frequency

We hence have the following observation: 

Observation 2: For RRM power saving, reducing the “frequency” of the measurement wakeups can bring 14% to 48% power saving gain.

Observation 3: In addition to reducing measurement frequency, there can further achieve ~15% power saving gain by avoiding the overhead for AGC tuning. 

To achieve comparable measurement accuracy with reduced RRM measurement frequency, additional resource for RRM should be used. To minimize system overhead, one possibility is to reuse the existing resource including TRS which is used to assist UE synchronization, and SSB in different frequency layers used for system off-loading. In particular, Network can announce cell-specific sync resource(s), such as TRS, for UE to improve measurement accuracy. The resource should be QCLed to the initial access SSB. If every cell can provide extra sync/measurement information on, e.g., RMSI, then UE can utilize the resource(s) for neighbor cell measurement and realize power saving. Serving cell may also provide neighbor cell’s configuration information to UE via RRC signaling.
Proposal 1: UE can use existing cell-specific resources, e.g., TRS and SSB in different frequency layers QCLed to the initial access SSB, to increase measurement accuracy and reduce measurement frequency if the information on extra resource configuration is provided in RMSI of each cell.

It should be noted that additional resource for RRM can contribute to other system benefits. For example, for BWP or SCC without SSB, the additional resource can be used for RRM, thus eliminating the need of measurement gap and data interruption.
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Figure 4. SCC or BWP without SSB configured can use additional resource for RRM.

Observation 4: If Additional resource is configured for RRM for SCC or BWP without SSB, it can eliminate the need of measurement gap and data interruption. 

It should be noted that the additional resource is not always available when it is not configured in a cell-specific manner. If no existing signals can be utilized, another possibility is to allocate additional resource with minimal overhead. Since the RSRP measurement object of a SSB is the SSS, a straight way to achieve the functionality of SSB is to apply standalone SSS. One more cell-specific SSS symbol can be configured around the SSB in frequency domain to assist measurement accuracy and RRM for SCC or BWP without SSB. Also, the additional SSS symbol can aid Doppler spread estimation for high speed scenario and cell identification for initial access. The period of the additional standalone SSS can be enlarged for minimized system overhead, as illustrated in Figure 5. 

Proposal 2: Additional standalone SSS can be configured in frequency domain to assist measurement accuracy and RRM for SCC or BWP without SSB. The period of additional signal can be enlarged to minimize the system overhead.
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Figure 5. Illustration of Standalone SSS in frequency domain
4	AGC Tuning 
RRM measurement procedures include “cell search”, “SBI acquisition”, and “RSRP measurement” as shown in Figure 6. In Rel-15 NR, “cell search” involves detecting neighbor cells using PSS and SSS, while “cell measurement” involves RSRP measurement of SSS. 
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Figure 6. RRM measurement procedure
In the previous section, how to increase the RSRP measurement accuracy and reduce measurement frequency for RRM power saving is investigated. It can also save UE power by improving the “cell search” processing time during RRM measurement. For cell search, we need to do AGC tuning before PSS and SSS processing. There is no AGC issue for SSS processing because UE can utilize the signals before SSS. However, Rel-15 SSB structure has no extra symbol before PSS for UE to conduct the AGC gain tuning as shown in Figure 7. In case of wrong AGC setting, UE can miss detecting cell ID in one SSB. The impact of failed AGC tuning is shown in Figure 8.
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Figure 7. AGC tuning of PSS and SSS
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Figure 8. Failed AGC tuning will increase RRM power consumption

Observation 5: With Rel-15 SSB structure, UE will require more time for cell/beam detection in case of bad AGC setting for PSS processing, which increases RRM power consumption.

Therefore, it is recommended to allocate extra resource for AGC tuning before PSS. The extra resource should lie in the same beam and locate before PSS. For this purpose, one can intentionally allocate UE specific wake up signal or cell-specific standalone SSS. For example, a monitoring occasion for wake-up signals for UEs within the same beam is configured in front of the SSB. When there is UE to wake up, the power envelope of the wake up signal can be utilized for AGC tuning. When there is no UE activity, gNodeB can put a cell-specific signal, e.g., standalone SSS, to assist AGC tuning. Figure 9 shows the possible use case.
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Figure 9. Additional occasion with signal to aid PSS AGC

Proposal 3: Additional occasion with UE specific wake up signal or a cell-specific signal, e.g., standalone SSS, can be configured before SSB to assist UE AGC tuning.

Alternatively, we can also add modified PSS around SSB to compensate PSS loss due to bad AGC tuning as illustrated in Figure 10.
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Figure 10. Illustration of modified PSS around SSB

Proposal 4: Adding modified PSS around SSB can compensate PSS loss due to bad AGC tuning.

With the additional resource mentioned in Proposal 3 and Proposal 4, we can compensate the PSS loss due to bad AGC tuning. With the additional resource mentioned in Proposal 1 and Proposal 2, we can reduce the measurement frequency. The combined potential power saving gain of Proposals 1 to 4 is shown in Figure 11. With the power reduced from 62.65 to 27.21, the potential power saving gain is 57%.
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Figure 11. Power saving gain of the proposals based on Table II
Observation 6: With Proposals 1 to 4, a potential power saving gain of 57% can be achieved.
5	Summary 
In this invention, we investigate RRM power consumption issues and propose some design of additional resources for RRM measurement power saving. In particular, we have:

Observation 1: The non-alignment of SMTC window and DRX on-duration as well as AGC tuning can bring 56% to 131% of power overhead to NR RRM power consumption.

Observation 2: For RRM power saving, reducing the “frequency” of the measurement wakeups can bring 14% to 48% power saving gain.

Observation 3: In addition to reducing measurement frequency, there can further achieve ~15% power saving gain by avoiding the overhead for AGC tuning. 

Proposal 1: UE can use existing cell-specific resources, e.g., TRS and SSB in different frequency layers QCLed to the initial access SSB, to increase measurement accuracy and reduce measurement frequency if the information on extra resource configuration is provided in RMSI of each cell.

Observation 4: If Additional resource is configured for RRM for SCC or BWP without SSB, it can eliminate the need of measurement gap and data interruption. 

Proposal 2: Additional standalone SSS can be configured in frequency domain to assist measurement accuracy and RRM for SCC or BWP without SSB. The period of additional signal can be enlarged to minimize the system overhead.

Observation 5: With Rel-15 SSB structure, UE will require more time for cell/beam detection in case of bad AGC setting for PSS processing, which increases RRM power consumption.

Proposal 3: Additional occasion with UE specific wake up signal or a cell-specific signal, e.g., standalone SSS, can be configured before SSB to assist UE AGC tuning.

Proposal 4: Adding modified PSS around SSB can compensate PSS loss due to bad AGC tuning.

Observation 6: With Proposals 1 to 4, a potential power saving gain of 57% can be achieved.
6	Appendix 
Assumptions on the time durations, power, and energy values derived based on [1][2] are summarized as follows:

6.1 Assumptions on time durations
	Parameters
	Time duration (ms)

	NR DRX on duration 
	TDON = 4

	NR SMTC window 
	TSMTC = 4

	NR SMTC period
	TSP = 20

	Light sleep time for Case 2
	TLS2 = 6

	DRX cycle length
	TCYC = 40



6.2 Assumptions on power consumption
(Normalized w.r.t. deep sleep power)
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	Deep sleep (PDS)
	Light sleep (PLS)
	SSB processing for RRM (PSSB)
	DRX ON processing (PDON)

	1
	20
	150
	100






[bookmark: _GoBack]
6.3 Assumptions on wake up cost
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	Wakeup stage
	Wake up energy (power * duration)

	Deep sleep
	EDSWU = 450

	Light sleep
	ELSWU = 100



6.4 UE Power consumption calculation
Normalized UE power consumption in one DRX cycle
Case 1:
· 
Case 2: 
· 
Case 3: 
· 
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Table 9.2.5.2-1: Measurement period for intrafrequency measurements without gaps(Frequency FR1)
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