3GPP TSG RAN WG1 Meeting #110 	 R1- 2207008
Toulouse, France, August 22nd – 26th, 2022

Agenda Item: 9.11.1
Source: MediaTek Inc.
Title: On XR specific power saving techniques

Document for: Discussion and Decision
Introduction
[bookmark: _Hlk101186498]During RAN1 #109 [1], companies have some discussions on the XR specific power saving enhancements, and the following summary can be drawn from the RAN1 #109e agreements [1].

For CDRX related power saving enhancements:
· High priority Issue 1-1: Mismatch between CDRX cycle and XR traffic periodicity for each flow
· High priority Issue 1-2: C-DRX enhancements to handle jitter
· Medium priority Issue 1-3: CDRX enhancements for multiple XR traffic flows
· Note: May be jointly considered with Issue 1-1
· Low priority Issue 1-4: CDRX enhancements to adjust to variable burst sizes and frame rate
· Note: Some companies think the adjustment for variable burst sizes can be realized by using multiple set of existing configurations
For PDCCH monitoring related power saving enhancements:
· High priority Issue 2-1: Enhancements to Rel-17 PDCCH monitoring adaptation
· Focus on the techniques addressing XR-specific issues, e.g., jitter, re-transmission
· Low priority Issue 2-2: Mismatch between PDCCH monitoring periodicity and XR traffic periodicity
· Some companies think Rel-17 PDCCH monitoring adaptation already can solve this issue (DCI based dynamic adaptation)
· Low priority Issue 2-3: XR-dedicated PDCCH monitoring window to supplement CDRX for multi-flow traffic
·  Some companies think Rel-17 PDCCH monitoring adaptation can achieve similar outcome
In this contribution, we further discuss the techniques for XR specific power saving enhancements.
Retransmission handling for Rel-17 PDCCH skipping
In Rel-17 the PDCCH skipping feature has been introduced under the power saving enhancements. The UE can be indicated to skip monitoring for a duration by the scheduling DCI format X-1/X-2. The feature brings good power saving gain while the scheduling is impacted especially for the retransmission requests. 
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Due to XR application’s stringent latency requirement, instant retransmission is critical. However, in the current Spec, no additional PDCCH monitoring for retransmission is allowed when PDCCH skipping is triggered. In one way, NW can handle the situation by applying lower MCS for last data scheduling while this comes with resource efficiency cost as the network needs to aim for a very low BLER target using a single shot transmission. Hence, further retransmission-aware mechanisms should be explored for XR traffic. 

Observation 1: In current Spec, no additional PDCCH monitoring for retransmission is allowed when PDCCH skipping is triggered. Due to XR application’s stringent latency requirement, further retransmission-aware mechanisms should be explored.

We have two solutions to address the retransmission following the PDCCH skipping indication. 

Solution 1: If the UE is indicated to skip PDCCH monitoring for a specific duration based on the Rel-17 adaptation scheme, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of Skipping. 
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[bookmark: _Hlk101345704]
Proposal 1: (Solution 1) If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of PDCCH.

Solution 2: In solution 2, when the UE is indicated to skip PDCCH monitoring for a duration by the Rel-17 adaptation scheme, then if any NACK is transmitted or if the scheduled UL data is transmitted, the UE has to resume monitoring for a configured duration. 
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Proposal 2: (Solution 2) If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted or if UL data is transmitted, the UE resumes the monitoring for a configured duration.

We have preference for solution 2 as it can be applied to both DL and UL. Also, it can get better power saving gain for an appropriate configured duration. 

Observation 2: Solution 2 can be applied to both DL and UL. Also, it can get better power saving gain for an appropriate configured duration.
For Solution 2, we performed system level simulation (SLS) to evaluate the achievable power saving gain. The results are shown in Figure 1 below.
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Figure 1 Power saving gain results by SLS for retransmission aware PDCCH skipping

[bookmark: _Hlk110865922]In Figure 1, it can be seen that if UE does not resume PDCCH monitoring for the potential retransmission (y=0), the outage rate (ratio of unsatisfied UE) grows fast when the PDCCH skipping duration exceeds 4ms for cloud gaming (CG), and 2ms for XR. This means only short skip durations are acceptable for Rel-17 PDCCH skipping if there is no reTX handling.

Observation 3: In Figure 1, it can be seen that if UE does not resume PDCCH monitoring for the potential retransmission (y=0), the outage rate (ratio of unsatisfied UE) grows fast when the PDCCH skipping duration exceeds 4ms for cloud gaming (CG), and 2ms for XR. This means only short skip durations are acceptable for Rel-17 PDCCH skipping if there is no reTX handling.

At the same time, as shown in Figure 1, with Solution 2, UE performs PDCCH skipping with 12ms while resuming PDCCH monitoring for 5ms when a NACK is transmitted. With this ReTx handling method, it can achieve a significant power saving gain (20.78%~27.97%) w.r.t Rel-17 PDCCH skipping.

Observation 4: As shown in Figure 1, with Solution 2, UE performs PDCCH skipping with 12ms while resuming PDCCH monitoring for 5ms when a NACK is transmitted. With this ReTx handling method, it can achieve a significant power saving gain (20.78%~27.97%) w.r.t Rel-17 PDCCH skipping.
CDRX enhancement for XR
In this section, we introduce some CDRX enhancement for XR. However, since the spec impact of CDRX enhancement would mainly fall in RAN2, we would suggest RAN1 to identify the necessity of CDRX enhancement and leave the remaining works to RAN2. Scope wise, CDRX related enhancements should be belonging to RAN2.

Proposal 3: RAN1 aims to identify the necessity of CDRX enhancement for XR. If the necessity is identified, send an LS to RAN2 to let RAN2 handle the remaining works (Ex. spec impact). Scope wise, CDRX related enhancements should be belonging to RAN2.

3.1 Aligning C-DRX on-duration with XR traffic

In TR 38.838 [2], XR traffic is modelled as packets belonging to media frames arriving with a periodicity based on the frame rate and with a random jitter. The jitter follows truncated Gaussian distribution. The traffic model can be illustrated as below as in Figure 2:
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Figure 2 XR traffic model

For XR, it is crucial that the C-DRX on-duration occasions match the traffic periodicity. Otherwise, the packets arriving at the transmitter will need to wait for the next on-duration, causing some packets to miss the target packet delay budget (PDB), therefore reducing the capacity. Both the PDB and the capacity are very limited in XR.

For example, with a frame rate of 60fps and jitter range of [-4,4]ms, the C-DRX on-durations aligned with the arrival of XR traffic would look like below in Figure 3.
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Figure 3 C-DRX on-duration aligned with the XR traffic

In legacy (up to Rel-17) C-DRX, the DRX cycle can only take integer values between 10ms and 10240ms. Even if new integer values are introduced, such as 16ms to approximately match the 60fps frame rate (with traffic periodicity 100/60=50/3~16.67ms), the DRX on-duration would gradually drift out of sync with XR traffic as illustrated in Figure 4 below. This can cause a drop in UE satisfaction rate due to the misalignment with traffic and the increase in latency as shown in Table 1 below.
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Figure 4 C-DRX on-duration drift using integer DRX cycles

Observation 5: It is not possible to align DRX on-duration occasions with XR traffic using legacy DRX cycles with integer values. This can cause a drop in UE satisfaction rate as shown in Table 1 below.

Instead, the DRX on-duration occasions can be aligned with XR traffic by introducing rational number (integer division) values for DRX cycles, for example 50/3ms. System level simulation (SLS) evaluation results for baseline (always-on), legacy C-DRX, and eC-DRX with rational number DRX cycle schemes are presented in Table 1 and Figure 5 below where
· eC-DRX: C-DRX matching the traffic periodicity, with DRX cycle = 50/3 ms
· PSG is calculated as: 
PSG = (Baseline power - Power)/Baseline power × 100%
[bookmark: _Ref110242789]
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	AlwaysOn - baseline
	0
	0
	0
	12
	12
	94.6%
	0%

	R17 CDRX
	16
	12
	8
	12
	12
	92.7%
	5.4%

	eCDRX (rational DRX cycle)
	(50/3)
	12
	8
	12
	12
	94.3%
	9.9%


Table 1 SLS evaluation results with eC-DRX, FR1, DL-only, DU, CG 30Mbps
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[bookmark: _Ref110244818][bookmark: _Ref110244806]Figure 5 Comparison of SLS evaluation results with eC-DRX

From SLS evaluation, it is observed that eC-DRX using a DRX cycle with a rational value (such as 50/3) matching the CG traffic improves PSG by 4.5%, while improving UE satisfaction rate by 1.6% over Rel-17 C-DRX.

Observation 6: As shown by SLS results in Figure 5, eC-DRX using rational DRC cycle value matching CG traffic improves both power savings and UE satisfaction rate compared to Rel-17 C-DRX (PSG improved by 4.5%, UE satisfaction rate improved by 1.6%). 

We therefore propose that the legacy C-DRX formulas should be enhanced to support non-integer (rational number) DRX cycles to match the periodicity of XR traffic.

Proposal 4: Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns.


3.2 Reduce C-DRX On-Duration after data arrival

According to the XR/CG traffic model, the packet arrival time includes a jitter. The jitter follows truncated Gaussian distribution and as baseline is within range [-4, 4] ms. 

The UE needs to monitor PDCCH during the jitter period, which means that the UE will be awake for most of the DRX cycle. Therefore, drx-onDurationTimer (ODT) in C-DRX, which is started at the beginning of every DRX cycle, may need to be configured with a large value (e.g., 8ms).

On the other hand, after the first packet for a media frame is detected, the subsequent packets belonging to the same frame would usually be transmitted within a relatively short period of time. Therefore, drx-InactivityTimer (IAT), where the UE is waiting for a subsequent PDCCH indicating a new DL or UL transmission, can be configured with a relatively small value compared to the ODT. Note the UE monitors PDCCH during Active Time, which includes the time while either timer (ODT or IAT) is running.

To save the UE power, it can be beneficial to reduce the duration where the UE monitors for PDCCH as much as possible. As a potential enhancement, the UE can stop the ODT at the first data arrival and can rely on IAT while waiting for the next packet for the same media frame, as shown below in Figure 6. This can save power for UEs where the first packet for a media frame arrives early during the on-duration. Note that the IAT can still be running so that the UE monitors the PDCCH for any subsequent packet(s) belonging to the same media frame.
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Figure 6 Stopping ODT early after data arrival

The system level simulation (SLS) evaluation results for this enhancement are presented in Table 2 and Figure 7 below where 
· [bookmark: _Hlk101858202]Stop ODT: Stop ODT early + eC-DRX with DRX cycle = 50/3 ms
· [bookmark: _Ref110246175]
	Power saving scheme
	CDRX cycle (ms)
	ODT (ms)
	IAT (ms)
	#UE /cell
	floor (Capacity)
	% of DL satisfied UE
	Mean PSG of all UEs (%)

	AlwaysOn - baseline
	0
	0
	0
	12
	12
	94.6%
	0%

	R15/16CDRX
	16
	12
	8
	12
	12
	92.7%
	5.4%

	eCDRX (rational DRX cycle)
	(50/3)
	12
	8
	12
	12
	94.3%
	9.9%

	eCDRX + stop ODT early
	(50/3)
	12
	8
	12
	12
	92.4%
	16.6%


Table 2 SLS evaluation results with stop ODT early, FR1, DL-only, DU, CG 30Mbps
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[bookmark: _Ref110246200]Figure 7 Comparison of SLS evaluation results with Stop ODT early

From SLS evaluation, it is observed that stopping ODT early on traffic arrival + eC-DRX improves PSG by 11.2% with marginal reduction in UE satisfaction rate by 0.3% compared to Rel-17 C-DRX.

Observation 7: Stopping ODT early + eC-DRX provides significant power savings with marginal impact on UE satisfaction rate compared to Rel-17 C-DRX (11.2% PSG and 0.3% reduction in UE satisfaction rate) as shown in Table 2 and Figure 7.

We therefore propose the following:

Proposal 5: Reduce DRX on-duration after the arrival of data by stopping ODT to enable the UE to go to sleep early.
Conclusion
In this contribution, we have made the following observations and proposals:
Observation 1: In current Spec, no additional PDCCH monitoring for retransmission is allowed when PDCCH skipping is triggered. Due to XR application’s stringent latency requirement, further retransmission-aware mechanisms should be explored.

Proposal 1: (Solution 1) If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted the UE resumes the monitoring and cancel the indication of PDCCH.

Proposal 2: (Solution 2) If the UE is indicated to skip PDCCH monitoring, then if any NACK is transmitted or if UL data is transmitted, the UE resumes the monitoring for a configured duration.

Observation 2: Solution 2 can be applied to both DL and UL. Also, it can get better power saving gain for an appropriate configured duration.

Observation 3: In Figure 1, it can be seen that if UE does not resume PDCCH monitoring for the potential retransmission (y=0), the outage rate (ratio of unsatisfied UE) grows fast when the PDCCH skipping duration exceeds 4ms for cloud gaming (CG), and 2ms for XR. This means only short skip durations are acceptable for Rel-17 PDCCH skipping if there is no reTX handling.

Observation 4: As shown in Figure 1, with Solution 2, UE performs PDCCH skipping with 12ms while resuming PDCCH monitoring for 5ms when a NACK is transmitted. With this ReTx handling method, it can achieve a significant power saving gain (20.78%~27.97%) w.r.t Rel-17 PDCCH skipping.

Proposal 3: RAN1 aims to identify the necessity of CDRX enhancement for XR. If the necessity is identified, send an LS to RAN2 to let RAN2 handle the remaining works (Ex. spec impact). Scope wise, CDRX related enhancements should be belonging to RAN2.

Observation 5: It is not possible to align DRX on-duration occasions with XR traffic using legacy DRX cycles with integer values. This can cause a drop in UE satisfaction rate as shown in Table 1 below.

Observation 6: As shown by SLS results in Figure 5, eC-DRX using rational DRC cycle value matching CG traffic improves both power savings and UE satisfaction rate compared to Rel-17 C-DRX (PSG improved by 4.5%, UE satisfaction rate improved by 1.6%). 

Proposal 4: Introduce non-integer (rational number) DRX cycles to match typical XR traffic patterns.

Observation 7: Stopping ODT early + eC-DRX provides significant power savings with marginal impact on UE satisfaction rate compared to Rel-17 C-DRX (11.2% PSG and 0.3% reduction in UE satisfaction rate) as shown in Table 2 and Figure 7.

Proposal 5: Reduce DRX on-duration after the arrival of data by stopping ODT to enable the UE to go to sleep early.
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