
3GPP TSG-RAN WG4 Meeting # 101-e
R4-2117624
Electronic Meeting, November 01-12, 2021
Agenda item:
8.14.2
Source: 
Qualcomm Incorporated

Title: 
On Power Saving RRM Requirement
Document for:
Discussion

1   Introduction
In RAN4 #100-e meeting, a WF was approved [1]. In this contribution, we discuss the open issues.
2   Discussion
2.1   Relaxation Criterion Configuration
Whether low mobility and good serving cell criterions are mandatory is left open in the previous meeting. If good serving cell criterion aligns to RLM/BFD evaluation, mandating good serving cell criterion for relaxation evaluation can avoid UE performing relaxed measurement in OOS SINR region. We are open to low mobility criterion discussion, whether making it mandatory or optional can be considered.

2.2   Low mobility Criterion

The low mobility condition is for mobility status evaluation. Note that RLM per UE link based monitoring, while BFD evaluates L1 beam signal quality. Therefore, we propose to reuse the L3 measurement based low mobility criterion for RLM relaxation. When using the same low mobility criterion for BFD relaxation based on L3 measurement without beam-level information, we identified a few issues as the examples below:

· UE circles around gNB while keeping the same distance to gNB. R16 low mobility criteria is easily satisfied, but UE will keep switching beams. Hence BFD relaxation should NOT be allowed in this case.

· UE moves only in the direction which is along the line connecting gNB and UE. So R16 low mobility cannot be satisfied but UE does not need to switch its beams at all, the serving beam is still the best beam.

Therefore, we propose to define the following beam measurement based low moibility criterion for BFD:
· For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network.

Tracking the difference between serving and the other beams indicates whether the UE orientation/position change has impact observable on beam selection. This is a better indicator to reflect the mobility from beam selection perspective. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.
Proposal 1: Use the following low mobility evaluation for BFD: 
For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.

However, RAN4 doesn’t have an accuracy requirement for the SINR measurement since it maps to BLER to evaluate beam failure in the BFD procedure. Therefore, to enable the low mobility evaluation based on L1-SINR, we need to define an SINR measurement accuracy requirement for the BFD RS for low mobility evaluation purpose only, not BFD evaluation itself. Intra-frequency SINR measurement accuracy requirement can be a good starting point.

Proposal 2: Define L1-SINR measurement accuracy requirement for BFD low mobility evaluation purpose.

Since the RLM/BFD evaluation is in connected mode and on serving cell, we can have a different threshold than R16 low mobility criterion evaluation. We additionally observe that the criterion configuration in R16 defined in RAN2 is through threshold configuration. Separate thresholds for R16 and R17 with the same evaluation procedures can simply RAN2 signaling design to allow network configuring R16 and R17 criterions separately.

Proposal 3: Configure different thresholds than R16 low mobility criterion evaluation for R17 low mobility criterion.
2.3   Good Serving Cell Criterion

We support to use RLM/BFD SINR as the metric for good serving cell evaluation. RAN4 had discussion on threshold determination and feasibility of this metric without Qout value specified in specification. We consider the configuring offset solution proposed during discussion as a feasible solution for threshold determination. The threshold is Qout, determined from PDCCH BLER by UE, plus a pre-determined or network configured offset. We can reuse Qout value for testing purpose when designing the test. 
Proposal 4: Use RLM/BFD SINR as the metric for good serving cell evaluation. The threshold is Qout, determined from PDCCH BLER by UE, plus a pre-determined or network configured offset. We can reuse Qout value for testing purpose when designing the test. 
Since Qout is UE implementation based, network can’t control the threshold through the offset configuration. In this case, we prefer a predetermined offset value of 5dB. If the offset is network configured, it should be part of existing RLM/BFD IE groups. Network can determine whether RLM/BFD shares the same parameter set, and BFD can have different parameter sets for different carriers. The same set for different RS resources and DRx cycle length.

Proposal 5: Use predetermined offset value of 5dB.
In RAN4#100e, we agreed that “RAN4 does not specify UE RLM/BFD relaxation behaviour in the spec but to specify the evaluation period during for relaxation”. RAN4 doesn’t need to specify the measurement behavior during relaxation mode other than evaluation period because the evaluation period is the only factor that can directly contribute to RLF declaration delay. The evaluation period we consider here is the same as legacy evaluation period, the period required for UE to send first OOS indicator. 
There are two more related topics left open from RAN4#100e meeting:
(1) Exit condition for good serving cell criterion
(2) Whether UE sends OOS indication during relaxation mode
If exit condition for good serving cell criterion is the same as OOS indication, the expectation of UE behavior observed by network is the additional delay allowed in the relaxed evaluation period with the RAN4#100e agreement cited above. Network and TE can infer the exact relaxation mode exit time regardless of SINR trajectory. However, if the exist condition doesn’t align to OOS indication, i.e., a higher threshold than Qout, it’s not obvious to network what is the additional delay. Moreover, network or TE can’t infer relaxation mode exit time unless the SINR trajectoryis given. In common RLF cases with sharp SINR drop, the additional delay is indeed the same as aligning exit condition to OOS indication. 
Another concern is how we can specify and interpret the requirement with the agreement and higher SINR threshold than Qout. As we explained above, with aligned exit condition to OOS indication, the requirement is simplify the extra delay for the first OOS indication and we don’t need to worry about measurement accuracy without specifying UE behavior during relaxation mode. However, if the threshold is above Qout, it is not clear how we can specify the accuracy requirement for this comparison to a threshold larger than Qout given that no restrictions on UE behavior during relaxation mode.

We don’t see the benefit for higher threshold than Qout, and it’s not clear to us how we specify the requirement when the threshold is higher than Qout. Therefore, we prefer to have the exit threshold be the same as Qout.
Proposal 6: Set exit threshold as Qout, i.e., exit relaxation mode when OOS is detected.
Given that no UE behavior is specified during relaxation mode, the OOS indication during the relaxation mode may not be reliable. Moreover, the options for exit threshold are equal to or higher than Qout. Therefore, unless we change the definition of OOS indication, UE sending OOS indication during relaxation mode is impossible. 
Observation 1: All the listed options for exit threshold is equal or higher than Qout. UE sending OOS indication during relaxation mode is impossible.
Proposal 7: Do not send OOS indication in relaxation mode.
2.4   Relaxation Factor

We have the following observation:

· For RLM, if upper layer receives M RLM failure indications out of the last N310 measurement instances and RLM failure timer (T310) expires, UE triggers RLF procedure;

· For BFD, upper-layer runs a state machine, whose state is updated whenever a BFD failure indication is received from PHY. BFR procedure is triggered if the state machine reaches a termination state

Therefore, the total RLF/BFR delay is the summation of evaluation period and indication counter accumulation time:

RLF: TEvaluate_out_SSB (or TEvaluate_out_CSI-RS )+ TIndication_interval *N310+ T310
BFR:  TEvaluate_BFD_SSB (or TEvaluate_BFD_CSI-RS )+ TIndication_interval_BFD *N310
Observation 2: The total RLF declaration delay is the summation of evaluation period, N310 counter and T310 timer. The total BFR delay is the summation of evaluation period and N310 counter delay. 
The relaxation under current discussion is for evaluation period. N310 and T310 remains the same. Therefore, how much percentage increase in total RLF declaration delay depends on N310 and T310. With a fixed relaxation factor, the additional delay can be small relative to the total delay in some cases but relatively large in other cases. In the previous meetings, companies are debating which relaxation factor to select but no agreement can be reached due to lack of common ground understanding on how to evaluate the system impact. Simulation works based on fixed speed mobility model can’t provide good insight since the simulated UE keep violating the low mobility condition. System performance impact by additional RLF/BFR delay is the correct metric to evaluate. From this perspective, link/beam monitoring performance varies a lot with different configurations when fixed scaling factor is considered, which is bad from system design perspective. The allowed relaxation to bring power saving gain might be limited by the worst-case configurations. 
Observation 3: Link/beam monitoring performance varies a lot with different configurations when fixed scaling factor is considered.
To resolve this issue, we propose to define the relaxation factor as a function of N310 counter and T310 timer, instead of a fixed number, to bound the ratio between additional delay w.r.t. the total RLF declaration delay. Coupling the relaxation to total RLF declaration delay is more reasonable from system design perspective. Link/beam monitoring performance is consistent with different configurations. UE can save more power when the indication counter and the monitoring timers are large, and UE can maintain better performance when the indication counter is small and the monitoring timers is short.
We propose the following scaling factor derivation:

Proposal 8:

1. RAN4 defines the ratio x between the additional RLF/BFR delay and the total RLF/BFR delay

2. Derive the (preliminary) scaling factor by: 
[total RLF/BFR declaration delay in relaxation mode] = (1+x) * [legacy total RLF/BFR declaration delay]

3. Derive the final scaling factor by: Y = max (2,floor(Y’))
We derive the scaling factor for SSB-based RLM as an example below. If we consider no more than x% increase in total RLF declaration delay, the (preliminary) relaxation factor is derived from:

(1+x) * (TEvaluate_out_SSB + TIndication_interval *(N-1) + T310) = TEvaluate_out_SSB_relaxed (z)+ TIndication_interval *(N-1) + T310
We consider FR1 case. Assume TEvaluate_out_SSB > 200ms and DRx length larger than SSB period, we have
(15*P*Y’ + 1.5*(N310-1))* DRx + T310 = (1+x) * ((15*P + 1.5*(N310-1))* DRx + T310)

Y’ = (1+x) +x*(N310-1)/15P + x *T310/(15DRx*P)

Similarly, we can derive the scaling factors in all scenarios:
Proposal 9: The scaling factors Y’ in proposal 8 in different scenarios are:

· SSB-based RLM

· FR1: Y’SSB RLM, FR1 = (1+x) +x*(N310-1)/15P + x *T310/(15DRx*P)

· FR2: Y’SSB RLM, FR2 = (1+x) +x*(N310-1)/(15P*N) + x *T310/(15DRx*P*N)
· CSI-RS-based RLM:
· FR1: Y’CSI-RS RLM, FR2 = (1+x) +x*(N310-1)/(1.5*Mout*P) + x *T310/(1.5*Mout*DRx*P*)

· FR2: Y’CSI-RS RLM, FR2 = (1+x) +x*(N310-1)/(1.5*Mout*P*N) + x *T310/(1.5*Mout*DRx*P*N)
· SSB-based BFD:

· FR1: Y’SSB BFD, FR1 = (1+x) +x*(N310-1)/7.5P

· FR2: Y’SSB BFD, FR2 = (1+x) +x*(N310-1)/(7.5P*N) 

· CSI-RS-based BFD:

· FR1: Y’CSI-RS BFD, FR1 = (1+x) +x*(N310-1)/(1.5*MBFD *P* PBFD)

· FR2: Y’CSI-RS BFD, FR2 = (1+x) +x*(N310-1)/(1.5*MBFD *P* PBFD *N) 
2.5   Multiple RS resources and CA/DC

Observation:

When multiple RS resources are configured for RLM evaluation, OOS and IS indication follows the rules specified in 38.133:

When the downlink radio link quality on all the configured RLM-RS resources is worse than Qout, layer 1 of the UE shall send an out-of-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the out-of-sync indications as specified in TS 38.331 [2].

When the downlink radio link quality on at least one of the configured RLM-RS resources is better than Qin, layer 1 of the UE shall send an in-sync indication for the cell to the higher layers. A layer 3 filter shall be applied to the in-sync indications as specified in TS 38.331 [2].
Exiting condition is triggered when SINR is dropping, the same as OOS indication. Therefore, the exiting condition for multiple RS resources should follow OOS indication: exit power saving mode when all the configured resources are worse than the exiting threshold. Similarly, entering condition can follow IS indication: entering power saving mode when at least one of the configured resources are better than the entering threshold. 

Proposal 10: Entering power saving mode when at least one of the configured resources are better than the entering threshold.
Proposal 11: For BFD in inter-band CA and RLM/BFD in DC, since different carriers and carrier groups can have different SINR, UE can make the relaxation decision separately in these scenarios.

3   Conclusion
Proposal 1: Use the following low mobility evaluation for BFD: 

For a serving cell, the change in the difference between SINR of its BFD RSs and the largest SINR of other non-QCLed beams is lower than a threshold configured by network. Network can configure BFD RS with two non-QCLed RSs to enable the SINR comparison between serving and other non-QCLed beams.

Proposal 2: Define L1-SINR measurement accuracy requirement for BFD low mobility evaluation purpose.

Proposal 3: Configure different thresholds than R16 low mobility criterion evaluation for R17 low mobility criterion.

Proposal 4: Use RLM/BFD SINR as the metric for good serving cell evaluation. The threshold is Qout, determined from PDCCH BLER by UE, plus a pre-determined or network configured offset. We can reuse Qout value for testing purpose when designing the test. 

Proposal 5: Use predetermined offset value of 5dB.

Proposal 6: Set exit threshold as Qout, i.e., exit relaxation mode when OOS is detected.

Observation 1: All the listed options for exit threshold is equal or higher than Qout. UE sending OOS indication during relaxation mode is impossible.

Proposal 7: Do not send OOS indication in relaxation mode.

Observation 2: The total RLF declaration delay is the summation of evaluation period, N310 counter and T310 timer. The total BFR delay is the summation of evaluation period and N310 counter delay.

Observation 3: Link/beam monitoring performance varies a lot with different configurations when fixed scaling factor is considered.
Proposal 8:

1. RAN4 defines the ratio x between the additional RLF/BFR delay and the total RLF/BFR delay

2. Derive the (preliminary) scaling factor by: 
[total RLF/BFR declaration delay in relaxation mode] = (1+x) * [legacy total RLF/BFR declaration delay]

3. Derive the final scaling factor by: Y = max (2,floor(Y’))
Proposal 9: The scaling factors Y’ in proposal 8 in different scenarios are:

· SSB-based RLM

· FR1: Y’SSB RLM, FR1 = (1+x) +x*(N310-1)/15P + x *T310/(15DRx*P)

· FR2: Y’SSB RLM, FR2 = (1+x) +x*(N310-1)/(15P*N) + x *T310/(15DRx*P*N)
· CSI-RS-based RLM:

· FR1: Y’CSI-RS RLM, FR2 = (1+x) +x*(N310-1)/(1.5*Mout*P) + x *T310/(1.5*Mout*DRx*P*)

· FR2: Y’CSI-RS RLM, FR2 = (1+x) +x*(N310-1)/(1.5*Mout*P*N) + x *T310/(1.5*Mout*DRx*P*N)
· SSB-based BFD:

· FR1: Y’SSB BFD, FR1 = (1+x) +x*(N310-1)/7.5P

· FR2: Y’SSB BFD, FR2 = (1+x) +x*(N310-1)/(7.5P*N) 

· CSI-RS-based BFD:

· FR1: Y’CSI-RS BFD, FR1 = (1+x) +x*(N310-1)/(1.5*MBFD *P* PBFD)

· FR2: Y’CSI-RS BFD, FR2 = (1+x) +x*(N310-1)/(1.5*MBFD *P* PBFD *N) 
Proposal 10: Entering power saving mode when at least one of the configured resources are better than the entering threshold.

Proposal 11: For BFD in inter-band CA and RLM/BFD in DC, since different carriers and carrier groups can have different SINR, UE can make the relaxation decision separately in these scenarios.
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