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1   Introduction
In RAN4 #98e meeting, a WF was approved. In this contribution, we discuss the open issues.
2   Discussion
2.1   Applicable Scenarios
In RAN4#98e meeting, the power saving gain in the following four RLM scenarios are discussed:
(1) SSB-based RLM/BFD in FR1
(2) SSB-based RLM/BFD in FR2
(3) CSI-RS-based RLM/BFD in FR1
(4) CSI-RS-based RLM/BFD in FR2

Based on the simulation results presented in RAN4#98e meeting, scenario(1) provides the best power saving gain. Therefore, we propose to prioritize SSB-based RLM/BFD in FR1 for the power saving study.

Proposal 1: Prioritize SSB-based RLM/BFD in FR1 scenario for power saving RLM/BFD measurement relaxation study.

In RAN4#98e meeting, companies presented different views on applicable DRx cycle length. In principle, we agree that short DRx cycles are the scenario which better power saving gain is achievable with negligible RLF/BFD declaration delay. However, we should maintain the monoticity of measurement time w.r.t. DRx cycle length, i.e., with power saving RLM/BFD measurement relaxation, the evaluation time is longer when DRx cycle length is longer. Adjustment to longer DRx cycle evaluation time should be applied to maintain monotonicity of DRx cycle and evaluation time.
Proposal 2: Relaxation for longer DRx cycle measurement requirement should be considered to maintain the monotonicity of measurement/evaluation time w.r.t. DRx cycle length.
2.2   Relaxation of Other RRM Measurement Requirement
When UE is performing relaxed RLM/BFD measurement, it is in a good serving cell quality condition, and the SINR is much higher than the out-of-sync SNR. The concern of power consumption due to RRM measurement was brought up in the previous meeting when evaluating the power saving gain. 

In our opinion, neighboring cell measurement is irrelevant in this scenario since even in the noise-free scenario, neighboring cells are not detectable when the serving SINR is above 6dB. Therefore, when RAN4 evaluates power saving gain, RAN4 shouldn’t take power consumption due to neighboring cell measurement into consideration. 
Observation 1: When serving SINR is above 6dB, the neighboring cell is not detectable.
Moreover, the UEs with a better performance can detect neighboring cells by less number of SSB samples than specified in RAN4 spec since RAN4 specifies the minimum requirement. The UEs with a better performance lose power saving opportunities if we force UEs to take the same number of samples as the number of DRx cycles specified in RAN4 spec in the evaluation assumptions.

Observation 2: The UEs with a better performance lose power saving opportunities if we force UEs to take the same number of samples as specified in RAN4 spec in the evaluation assumptions.

RAN4 discussion is on the simulation assumptions for evaluating the achievable power saving gain by relaxing RLM/BFD measurement instead of RAN4 requirement for neighboring cell measurement. According to the agreememtn in RAN4#98e meeting, other RRM measurement requirements remain the same in power saving evaluation for RLM/BFD measurement relaxation. When UE is in power saving mode for RLM/BFD measurement, it must fulfill the RRM measurement requirement. How much power UE can save when fulfilling the RRM requirement depends on UE implementation. For example, UE can decide its RRM measurement based on serving SINR evaluation, by which UE can infer the upper bound of neighbor SINR. 

Therefore, we propose not setting assumptions on other RRM measurement procedures when evaluating the power saving gain from RLM/BFD measurement relaxation. Unifying assumptions for UE measurement behavior for other RRM requirement under the good serving cell condition is unnecessary and impractical. Therefore, considering only RLM/BFD measurement when studying the power saving gain is the most reasonable approach. 
Proposal 3: Do not to set assumptions on other RRM measurement procedures when evaluating the power saving gain from RLM/BFD measurement relaxation.

2.3   Low Mobility Condition
Low mobility condition in R16 idle mode measurement relaxation is inherited from LTE NB-IOT/eMTC. The low mobility condition for idle mode applies to connected mode since the UE motion model is statistically identical between idle and connected modes.
However, low mobility condition based on RSRP alone can’t indicate whether the measurement relaxation is permitted or not since RLM/BFD evaluation is serving cell SINR based. Therefore, the low mobility condition should be configured together with the good serving cell quality condition. Both the low mobility and good serving cell quality conditions have to be satisfied for UE to enter power saving mode when they both are configured.
Note that in R16 low mobility condition, the RSRP threshold is configured by the network. Therefore, the network can take other conditions, e.g., cell dwelling time, into consideration when configuring this threshold.

Proposal 4: R16 low mobility condition applies to RLM/BFD relaxation when configured together with serving cell quality condition.
2.4   Serving Cell Quality Condition
In RAN4#97e, most of the companies agree to set the cell quality condition based on SINR instead of RSRP. The WF listed many SINR options. However, whether these options referring to entering condition from normal to power saving mode, or exiting condition from power saving back to normal mode is not clear. Therefore, RAN4 should first decide whether to have different conditions for entering and exiting power saving mode. We propose to have different conditions to avoid ping-pong and allow a more flexible design of good cell quality conditions.
Proposal 5: Set different cell quality conditions for entering and exiting power saving mode. 
The only mandatory SINR measurement is RLM/BFD SINR. From UE implementation complexity perspective, serving cell quality evaluation based on RLM/BFD SINR is a better option. 

Proposal 6: Serving cell quality evaluation uses RLM/BFD SINR measurement.
According to R15 RLM requirement, UE compares the SINR collected in T_evaluate duration (we call it RLM SNR in the following) with Qout to determine OOS indication. Power saving mode can leverage this procedure by replacing Qout with a higher SINR threshold: UE enters power saving mode when RLM SNR exceeds a threshold larger than Qout. This threshold can be determined by Qout or Qin plus a margin sufficiently large to avoid ping-pong and entering power saving mode when SINR is below Qout with high probability. 
Proposal 7: UE enters power saving mode when RLM SNR is larger than Qout/Qin + margin.
For exiting condition, the WF listed the following options:

· Option 1a: revert when the relaxation criterion is not met 
· Option 1b: revert when N310 starts to count, i.e. 1 out-of-sync indication. 

· Option 1c: revert when T310 is running, i.e. N310 out-of-sync indication.
· Option 1d: revert when observed link quality degradation. 
· Option 1e: revert regarding observed mobility state change. 
Option 1a aligns exit and entering condition, which may result in ping-pong. Option 1e aligns with our proposal for low mobility condition, but doesn’t specify the cell quality condition. Option 1d is included in option 1a, 1b, 1c. 

We observe that both option 1b and 1c couple the (maximum) additional delay for RLF declaration to the relaxation factor K since the first 1 or N310 OOS indication is evaluated when the measurement is relaxed by K times. This dependency leads to a trade-off between achievable UE power saving gain and the additional delay of RLF declaration. Ideally, UE can optimize its power saving gain by setting K based on different scenarios and its implementation. However, when option 1b and 1c are selected, different choices of K lead to various additional RLF declaration delays, which network may not be able to handle. 
To resolve this dilemma, we propose to specify the exiting condition indirectly as follows:
If power saving conditions are satisfied, allow an addition TEvaluate_out_SSB for the first OOS indication. UE exits power saving mode when the first OOS indication is being evaluated.
With this requirement, relaxation factor K is up to UE implementation, and UE can adjust K according to different conditions. On the other hand, from the network perspective, it is guaranteed that at most TEvaluate_out_SSB additional delay for RLF declaration is experienced by UE. The remaining problem is how UE can fulfill this requirement by applying an appropriate exit condition.

We explain the corresponding UE behavior and how this requirement implicitly specifies a flexible exiting condition in the following. Following the common assumption adapted by companies from the previous meeting contributions, we assume that UE takes 10 samples in TEvaluate_out_SSB under normal mode. UE can fulfill the above requirement by exiting power saving mode within TEvaluate_out_SSB after SNR drops below OOS indication SNR and then taking 10 samples within TEvaluate_out_SSB to indicate the first OOS. The total time required to trigger the first OOS indication is 2* TEvaluate_out_SSB, as the requirement specified. Since UE is in normal mode after the first OOS indication, the total additional delay for RLF declaration is within TEvaluate_out_SSB.
With this requirement, power saving exit condition needs to satisfy the following:

UE is required to exit power saving mode within TEvaluate_out_SSB after SNR drops below OOS indication SNR.
We explain what exit condition satisfies the above requirement in the following. Suppose that an R15 UE measures 10 samples during TEvaluate_out_SSB, and let P(Observed SNR (10) > Qout | True SNR < OOS SNR) = x, where x is small enough to be negligible in RRM requirement and the parenthesis after observed SNR is the number of samples. Therefore, the exit condition should guarantee that UE exits power saving mode within TEvaluate_out_SSB with the probability larger than 1-x when True SNR < OOS SNR. Suppose UE takes y observations within TEvaluate_out_SSB. Then the requirement becomes
P(Observed SNR (y) > Qout+margin(y) | True SNR < OOS SNR) <= x

The margin added to Qout is a function of number of samples y, which can be derived based on the distribution of Observed SNR (y), to satisfy the above requirement. Note that with this requirement, UE enjoys the freedom to pick the relaxation factor K and determine the number of samples taken within TEvaluate_out_SSB. As long as it picks the margin(y) appropriately as explained above, we can guarantee that UE exits power saving mode within TEvaluate_out_SSB with probability larger than 1-x when True SNR < OOS SNR. 


[image: image1]
We explain how we determine the margin based on number of samples in the following. Note that the CDF function presented is for illustration purposes only, not from the actual simulation results. The CDF functions for the different numbers of samples is derived from link level or system level simulations. In the following example, we assume x=0.1. To satisfy the requirement: 
P(Observed SNR (y) > Qout+margin(y) | True SNR < OOS SNR) <= 0.1
Margin 1 for y=5 and margin 2 for y=2 are shown in the CDF in Figure 2-2. When we select margin 1 5 samples average, we have 

P(Observed SNR (5) > Qout+margin1 | True SNR < OOS SNR) <= 0.1,
which therefore guarantees that UE exits power saving mode within TEvaluate_out_SSB after SNR drops below OOS indication SNR with probability >= 0.9, which is the same as UE OOS indication successful probability. Similarly, when we select margin2 for 2 samples average, it is guaranteed that UE exits power saving mode within TEvaluate_out_SSB after SNR drops below OOS indication SNR with probability >= 0.9.
Note that if R16 low mobility condition is adapted, the system level simulation to derive SINR CDF is problematic, since the low mobility condition can make UE exit power saving mode during the simulation. Therefore, many of the SINR points collected in the system level simulation are in fact, from normal mode, in which that measurement relaxation is invalid. 
Observation 3: Low mobility condition is violated in the system level simulation submitted in the previous meetings. Therefore, these simulations are not appropriate for deriving SINR margin.

Therefore, if R16 low mobility condition is adapted, we should derive SINR distribution from link level simulation without mobility and with small scale fading, to derive the accuracy degradation due to fewer samples average. 

Proposal 8: If R16 low mobility condition is adapted, RAN4 derives SINR distribution for margin derivation from link level simulation without mobility and with small scale fading. 
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Figure 2‑2 SINR CDFs for different numbers of samples
We should maintain the monotonicity of measurement reporting/evaluation time w.r.t. DRx cycle length as proposed in the previous sections. Note that the R15 requirement has a factor of 1.5 in TEvaluate_out_SSB when DRx cycle <= 320ms.
	Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)
	Max(100, Ceil(5 ( P) ( TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15 ( P) ( Max(TDRX,TSSB))
	Max(100, Ceil(7.5 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX
	Ceil(5 ( P) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Suppose that the power saving relaxation is applicable for DRx cycle <= 80ms. For DRx cycle > 80ms, the evaluation time is shorter than that of DRx cycle <= 80ms with power saving. Let TEvaluate_ps_out_SSB be the total evaluation time allowed for the first OOS indication, including going back to power saving mode and evaluate RLM SNR in normal mode. We propose the following requirement satisfying the monotonicity condition:
	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(30 ( P) ( Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(20 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.


Proposal 9: If power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply. After the first OOS indication, the original TEvaluate_out_SSB applies to UE.
BFD relaxation can follow similar methodology as RLM. 
3   Conclusion
Proposal 1: Prioritize SSB-based RLM/BFD in FR1 scenario for power saving RLM/BFD measurement relaxation study.

Proposal 2: Relaxation for longer DRx cycle measurement requirement should be considered to maintain the monotonicity of measurement/evaluation time w.r.t. DRx cycle length.
Observation 1: When serving SINR is above 6dB, the neighboring cell is not detectable.
Observation 2: The UEs with a better performance lose power saving opportunities if we force UEs to take the same number of samples as specified in RAN4 spec in the evaluation assumptions.

Proposal 3: Do not to set assumptions on other RRM measurement procedures when evaluating the power saving gain from RLM/BFD measurement relaxation.

Proposal 4: R16 low mobility condition applies to RLM/BFD relaxation when configured together with serving cell quality condition.
Proposal 5: Set different cell quality conditions for entering and exiting power saving mode. 
Proposal 6: Serving cell quality evaluation uses RLM/BFD SINR measurement.
Proposal 7: UE enters power saving mode when RLM SNR is larger than Qout/Qin + margin.
Observation 3: Low mobility condition is violated in the system level simulation submitted in the previous meetings. Therefore, these simulations are not appropriate for deriving SINR margin.

Proposal 8: If R16 low mobility condition is adapted, RAN4 derives SINR distribution for margin derivation from link level simulation without mobility and with small scale fading. 
Proposal 9: If power saving conditions are satisfied, allow TEvaluate_ps_out_SSB for the first OOS indication and the original TEvaluate_out_SSB doesn’t apply. After the first OOS indication, the original TEvaluate_out_SSB applies to UE.

	Configuration
	TEvaluate_ps_out_SSB (ms) 

	no DRX
	Max(200, Ceil(10 ( P) ( TSSB)

	DRX cycle≤80ms
	Max(200, Ceil(30 ( P) ( Max(TDRX,TSSB))

	80ms<DRX cycle≤320ms
	Max(200, Ceil(20 ( P) ( Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10 ( P) ( TDRX

	NOTE:
TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.
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