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1	Introduction 
In LTE, the synchronization signals appear every 5msec and CRS appears in every DL subframe. Hence, UE can effectively process data reception and RRM measurements within the same DRX on duration. However, in NR, all reference signals for SSB-based RRM measurements are confined within SMTC window with a periodicity value among {5, 10, 20, 40, 80, 160} ms. Considering that SS-blocks are broadcast signals, while DRX setting is UE specific, it is impossible for network to align the SMTC window and the DRX on-duration for all UEs. Therefore, UE needs to be active for at least two durations. One is for DRX on-duration, the other one is for RRM measurement. This difference fundamentally induces higher power consumption for NR RRM. We will discuss possible power saving directions for NR RRM.

2	Discussion 
When SMTC window and DRX on duration are not aligned, the dispersive operations (including SSB for time/frequency synchronization, on-duration monitoring, and SSB for RRM) in NR will introduce large power overhead compared with LTE where CRS can be utilized everywhere for synchronization and RRM.

Observation 1: When SMTC window and DRX on duration are not aligned, it will cause significant power overhead to NR UE.
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[bookmark: _Ref525765436]Figure 1. Comparison of active-duration behaviors for NR and LTE
During the interval of a SSB block, the tuning of AGC requires time. Hence, not all the SMTC window time can be used for RRM measurement. For the worst case scenario where channel gain variation is significant, AGC tuning can consume one SSB block. This further increases the power overhead mentioned in Observation 1. Figure 2 illustrates the case where one more SS burst is required per measurement occasion.

Observation 2: AGC tuning can increase the required number of SSBs and UE power consumption for NR RRM.
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Figure 2. Worst case RRM measurement timeline considering AGC tuning

To quantify the impact on power consumption, we calculate the power consumption values for the following cases:

Case 1: 
Consider full alignment of SMTC window and DRX on duration. Assume 160ms DRX period, 4ms SMTC window, and 8ms DRX on duration as shown in Figure 3.
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Figure 3. Timeline of Case 1
We can derive a normalized power consumption value of 4.95. The detailed power value derivation is given in the Appendix. This value corresponds to the ideal case where NR has the same concentrated operation as LTE. Although this situation may be rare for a NR UE, the calculated value can be regarded as a power consumption lower bound.

Case 2:
Assume 160ms DRX period, 4ms SMTC window, 8ms DRX on duration, and 10ms time difference between the start of SMTC window and the start of DRX on duration, as shown in Figure 4.
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Figure 4. Timeline of Case 2
We can derive a normalized power consumption value of 6.59 as shown in the Appendix. This value corresponds to the case where AGC tuning consumes little time and power.

Case 3:
Consider the worst case of AGC tuning which requires one SS block per TX beam. Assume 20ms SMTC period, 160ms DRX period, 4ms SMTC window, 8ms DRX on duration, and the SMTC window and DRX on duration do not overlap in time, as shown in Figure 5.
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Figure 5. Timeline of Case 3
We can derive a normalized power consumption value of 8.13. The detailed power value derivation is also provided in the Appendix.

Comparing Case 2 and Case 1, Case 2 shows about 33% power overhead. This overhead comes from that SMTC window and DRX on duration are not aligned. Comparing Case 3 and Case 2, Case 3 introduces about 23% power overhead. This is the worst case overhead which is due to AGC tuning. Comparing Case 3 and Case 1, Case 3 gives 64% power overhead. On the other hand, the potential power saving percentage can reach up to 64%. For practical AGC tuning, the power overhead would lie between Case 2 and Case 3 depending on the channel condition. To approach Case 1, reducing the “frequency” of the power overhead should be investigated. One possible solution is to use additional time-domain resource for RRM, as suggested below:

Proposal 1: Additional time-domain resources for RRM can be considered to reduce the RRM power overhead for NR.
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Figure 6. Illustration of additional RRM resource in time domain
As shown in Figure 6, we add some additional RRM measurement resource allocated close to the original SSB block in time domain. The additional resource can provide increased measurement accuracy and decrease the required measurement frequency. It is also useful to eliminate the prolonged RRM time due to AGC tuning.

To reduce the number of measurements, another possibility is to apply additional frequency-domain resources. In partucilar, we have:

Proposal 2: Additional frequency-domain resources for RRM can be considered to reduce measurement frequency and power consumption for NR.
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Figure 7. Illustration of additional RRM resource in frequency domain
As shown in Figure 7, we add some additional RRM measurement resources in the frequency domain. The additional resource can provide increased measurement accuracy.
Beside the power saving benefit, the additional frequency resource can also eliminate the measurement gaps for inter-BWP measurements within a carrier. 
Observation 3: When UE is in a BWP without SSB, additional frequency resource for RRM can eliminate the measurement gaps and improve system efficiency. 
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Figure 8. Additional frequency-domain resources for RRM can be utilized by BWP without SSB
In summary, additional RRM resources in either time domain or frequency domain can mitigate up to 33% - 64% power overhead for NR. There can also be system benefit by eliminating the measurement gaps for inter-BWP measurements. On the other hand, the impact due to resource overhead should also be kept minimal. Consequently, we have

Proposal 3: Additional RRM resources in either time domain and/or frequency domain should be studied for NR in order to realize better UE power saving and network efficiency at the minimal cost of system overhead.
3	Summary 
In this contribution, we investigate RRM power consumption issues and solutions. In particular, we have:

Observation 1: When SMTC window and DRX on duration are not aligned, it will cause significant power overhead to NR UE.

Observation 2: AGC tuning can increase the required number of SSBs and UE power consumption for NR RRM.

Proposal 1: Additional time-domain resources for RRM can be considered to reduce the RRM power overhead for NR.

Proposal 2: Additional frequency-domain resources for RRM can be considered to reduce measurement frequency and power consumption for NR.

Observation 3: When UE is in a BWP without SSB, additional frequency resource for RRM can eliminate the measurement gaps and improve system efficiency.

Proposal 3: Additional RRM resources in either time domain and/or frequency domain should be studied for NR in order to realize better UE power saving and network efficiency at the minimal cost of system overhead.
4	Appendix 
Assumptions on the time durations, power, and energy values derived based on [1] are summarized as follows:

4.1 Assumptions on time durations
	Parameters
	Time duration (ms)

	NR DRX on duration 
	TDON = 8

	NR SMTC window 
	TSMTC = 4

	NR SMTC period
	TSP = 20

	Light sleep time for Case 2
	TLS2 = 6

	DRX cycle length
	TCYC = 160



4.2 Assumptions on power consumption
(Normalized w.r.t. deep sleep power)
	Deep sleep (PDS)
	Light sleep (PLS)
	SSB processing per slot (PSSB)
	DRX ON processing (PDON)

	1
	5
	48
	55



4.3 Assumptions on wake up cost
	Wakeup stage
	Wake up energy (power * duration)

	Deep sleep
	EDSWU = 200

	Light sleep
	ELSWU = 50



4.4 UE Power consumption calculation
Normalized UE power consumption in one DRX cycle
Case 1:
· 
Case 2: 
· 
Case 3: 
· 
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