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1. Introduction

In RAN2#119-e meeting, RAN2 has agreed to focus on DRX enhancements for XR-specific power saving. The agreements are excerpted as follows:
	· 1: RAN2 to focus on the following issues for power saving, as well necessary parameters XR-awareness to support such enhancements, i.e.:
-
DRX enhancements to address the issues of DRX cycle mismatch and jitter
-
Identify necessary parameters from CN for XR-awareness for power saving 

· Enhancements to Rel-17 PDCCH adaptation can be discussed based on RAN1 feedback, if they have any RAN2 impact

· RAN2-specific aspects can be studied based on contributions (e.g. multiple XR traffic flows with different periodicities, SFN wrap-around, RAN2-specific CDRX aspects, …).


RAN1 has also discussed about XR specific power saving techniques in RAN1#110e meeting and the same agreement to study DRX enhancements has been made. RAN1 has also made some conclusions which seems referable in RAN2. We excerpt the relevant agreements and conclusions as follows:
	Agreement
RAN1 recommends identifying a solution for enhancement of CDRX to align with XR traffic periodicity.

Conclusion

· Conclude that “SFN wraparound mismatch” is a RAN2 issue. It can be left to RAN2 to address. RAN1 does not further study it.
· RAN1 does not assume instantaneous jitter value for a frame is predictable for Rel-18 XR SI power saving study before further input is provided by SA.
· All the proposed PDCCH monitoring adaptation/reduction schemes including those for jitter handling need to be compared against the Rel-17 PDCCH monitoring adaptation which is to be used as performance reference.
· RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.


In this contribution, we will focus on identifying necessary XR characteristics information, which are believed beneficial for DRX enhancements. In the following sections, we will analyse the main characteristics of XR traffics to see what information is useful to configure DRX and what information can help further enhance DRX for power saving objective. Both semi-static information and dynamic information is considered. We will also discuss how to obtain this information.
2.  XR traffic based on PDU set
According to the objective for XR-specific power saving, DRX configurations shall consider XR service characteristics evaluated by RAN1 in Rel-17, e.g. periodicity, jitter and variable burst size, etc. DRX should be enhanced to match the arrival and transmission of XR traffic to minimize the wake-up time as well as guaranteeing the latency. We will analyse what information of these characteristics can be beneficial for DRX configurations and enhancements for power saving, and how this information can be provided to RAN.
2.1 Semi-static XR traffic information
As specified in [1] and [2], XR traffic is modelled as a sequence of data bursts arriving in a periodic way. SA2 has provided the following definition of ‘Data Burst’ [3]:
	Data Burst: A set of data multiple PDUs generated and sent by the application in a short period of time.

NOTE: A Data Burst It can be composed by one or multiple PDU Sets.


Based on SA2’s definition, we think that DRX configurations should consider XR traffic characteristics at a data burst level since all the PDU sets in a data burst arrive in a short period of time. From application perspective a data burst will comprise, e.g. a single frame of a video, so a data burst shall be transmitted successively. There is no need to consider each PDU set separately for DRX configuration.

Observation1: DRX configurations shall consider XR traffic characteristics at a data burst level.
To avoid unnecessary power consumption, DRX should be configured suitably to capture the data bursts by DRX on-durations and allow the UE to go to sleep once there is no data transmission. Furthermore, latency has to be considered as XR traffics usually have low latency requirements. The delay between burst arrival and the following DRX on-duration shall be as short as tolerable. For configuration of DRX, some basic traffic characteristics are needed, e.g. periodicity to configure DRX cycle and initial arrival time to configure DRX offset. 
Observation2: Basic characteristics such as periodicity and initial traffic arrival time are needed to configure DRX.

These traffic characteristics are similar to the ones TSCAI introduced for IIOT where the periodicity for UL and DL data traffic are added at the QoS Flow level in the NG-AP message. We assume that XR traffic information can be provided in a similar way, but whether it is provided at QoS flow level or in a different way may depend on whether PDU sets of different importance are mapped to different QoS flows. This detail can be discussed at a later stage.
Observation3: Some traffic characteristics required for XR, e.g. periodicity and arrival time, are the same as in the case of TSCAI specified in Rel-16.
However, XR bursts may not arrive exactly periodically.  Due to impacts from jitter, n the worst case, the data burst may arrive just after a DRX on-duration. If the UE keeps sleeping until the next on-duration, the postponed burst may exceed its PDB, e.g., if the periodicity is 16.67ms while the PDB is 10ms. Or the UE may wake up by triggering an SR to transmit the burst, but this causes extra power consumption.
In order to meet the low-latency requirement of XR services, jitter should be considered when configuring DRX on-duration, e.g. to configure DRX on-duration to cover potential jitter range. As assumed in [1], jitter is modelled as a random variable with truncated Gaussian distribution added on top of periodic arrivals. 

However, having large DRX on-durations will result in much longer wake up time, which is opposite to our objective for power saving. It is necessary to study enhanced DRX designs to reduce UE’s power consumption as much as possible during DRX on-durations. To address this, specific parameters for the jitter distribution may be helpful and configuration of the PDCCH monitoring according to the probability of jitter can be adopted. 
Fig.1 shows an example where jitter follows truncated Gaussian distribution with truncation range [-4, 4] ms. UE can monitor PDCCH densely during the time with high probability of data arrival, and monitor sparsely in other time. Thus, the power consumption can be further reduced. It can also be used for guiding the network how to configure the DRX on-duration, e.g., the length, bearing in mind the marginal probability of jitter in the long tail considering the PSER of the service flow. [image: image1.png]jitter distribution
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Fig.1 Adjust PDCCH monitoring according to jitter distribution
Then, for the provision of this information, a simple way is for the CN to provide the parameters for the probability distribution for the jitter, such as jitter range, i.e. the maximal range around the expected periodic arrival time, mean and variance. 
Observation4: Parameters for jitter distribution can help reduce DRX active time.
Based on the discussion above, we propose the following for the jitter distribution of the 
Proposal1: The following semi-static information in data burst granularity is beneficial for C-DRX configuration for XR traffic and can be provided from CN via control plane:

· Periodicity;

· Arrival time;

· Jitter distribution (i.e., mean, variance, max/min value).
Another problem to clarify is how frequently this information is expected to change for a specific data stream, which would require changing the configurations of DRX. This is obviously related to the variation of XR frame rate. We do admit that for XR applications, the frame rate may change from time to time, e.g., due to the changing network conditions and UE requirements. However, we believe the changes do not occur very frequently since an unstable traffic rate will lead to a sharp drop in user experience. Actually, if the traffic changes too frequently, there would be no characteristic pattern at all, and it is meaningless to study this kind of traffic model. Based on the analysis, we suggest RAN2 not to consider frequently changing XR traffics. This is also consistent with RAN1’s conclusion made in the last meeting.

	Conclusion

RAN1 does not assume dynamic switch of different XR video data rates or frame rates for Rel-18 XR power saving study before further input is provided by SA.


Considering the frame rate does not change in a period of time, the periodicity is stable and there is no need to update this information frequently. Jitter is in a similar situation. Although jitter for each frame is unpredictable, it follows a certain distribution for a certain service and network and it is also not assumed to change frequently. Thus, the mentioned information, i.e. periodicity, initial arrival time and jitter distribution, can be regarded as constant in a period of time. Hence, they can be provided by CN in a semi-static way via control plane.
Observation5: Statistic information such as periodicity and jitter distribution is not assumed to change frequently and can be provided semi-statically.
Proposal 2: RAN2 does not consider the issue of dynamic adaptation of XR video data rate or frame rate for R18 power saving study before further inputs provided by SA.
2.2
Dynamic XR traffic information 
As elaborated in [1], XR video frame size is also modelled as a random variable, which means the size of the data burst arriving in each DRX cycle may vary. And as we mentioned, a large DRX on-duration may be configured to cover the jitter range of data arrival time. Due to the jitter and the variable burst size, the burst transmission may end before the boundary of the DRX on-duration. Without any enhancement, UE will keep on monitoring PDCCH until the configured on-duration exhausts, which is actually unnecessary since there would not be any scheduling grant/assignment. Keeping the UE active means more power consumption.
It would be beneficial for power saving if the DRX on-duration can be terminated as soon as the burst transmission has completed. Hence, useful information is the end indication of data burst, or associated size information to help derive the end of data burst. Once the end of data burst is indicated, UE can go to sleep, even if the drx-OnDurationTimer or the drx-InactivityTimer is still running, to reduce UE wake up time, as illustrated in Fig.2. Considering the variable burst size, the end information should be provided for each data burst separately. A dynamic indication carried by each data burst, e.g. an indication in GTP-U header, would efficiently notify RAN to stop PDCCH monitoring in time.

Observation6: End indication of a data burst can help reduce DRX active time further.
Since the size of the data burst in each cycle may vary, there is also possibility that the configured on-duration is not long enough for the transmission. However, in the current DRX mechanism shown in Fig.2, each time when the network schedules a new transmission, the UE will start/restart its drx-InactivityTimer which will extend the UE’s DRX active time. Thus, the network can keep the UE active for an extended time to monitor additional PDCCH occasions, in case additional grant/assignment is needed. Therefore, we see no specific issues to consider for variable burst size.

Observation7: There are no issues to consider for variable burst size for current DRX mechanism.
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Fig.2 Busrt end indication and current inactivity timer mechanism
Proposal3: The following dynamic information is beneficial for C-DRX configuration for XR traffic and should be provided via user plane for each data burst:

- End indication of data burst, or the associated Data Burst size information.
3. XR traffic not based on PDU set
According to the study item in R1 in R17, there is also UL data traffic that does not follow PDU set model, for example, voice, pose control information. The traffic characteristics of these traffic are summarized by the following table
	Parameters
	unit
	Baseline values for evaluation
	Optional value for evaluation

	Periodicity
	ms
	4
	Other values can be optionally evaluated.

	Jitter
	ms
	No jitter
	

	Packet size 
	byte
	100
	

	PDB
	ms
	10
	

	Packet Success Rate X
	%
	99
	90, 95


Table 1 Statistical parameters for the UL pose/control traffic
It can be seen from the table that the required PDB is 10ms, which is much higher than for the PDU set-based traffic. Additionally, there is no jitter for this kind of traffic. Hence, the issues mentioned above for PDU set based models do not exist and special enhancement for this type of traffic is not needed. The legacy mechanism can be used for handling this type of traffic.
Proposal4: For the UL pose/control traffic that is not based on PDU set, no enhancement is needed.
4.
Conclusion

In this contribution, we have made analysis on beneficial XR characteristics for XR-specific power saving, and shared our views. The following observations and proposals were made:

Observation1: DRX configurations shall consider XR traffic characteristics at a data burst level.
Observation2: Basic characteristics such as periodicity and initial traffic arrival time are needed to configure DRX.
Observation3: Some traffic characteristics required for XR, e.g. periodicity and arrival time, are the same as in the case of TSCAI specified in Rel-16.
Observation4: Parameters for jitter distribution can help reduce DRX active time.
Observation5: Statistic information such as periodicity and jitter distribution is not assumed to change frequently and can be provided semi-statically.
Observation6: End indication of a data burst can help reduce DRX active time further.
Observation7: There are no issues to consider for variable burst size for current DRX mechanism.
XR traffic based on PDU set
Proposal1: The following semi-static information in data burst granularity is beneficial for C-DRX configuration for XR traffic and can be provided via control plane:

· Periodicity;

· Arrival time;

· Jitter distribution (e.g. probability distribution, max/min values, etc.).
Proposal2: RAN2 does not consider the issue of dynamic adaptation of XR video data rate or frame rate for R18 power saving study before further inputs provided by SA.
Proposal3: The following dynamic information is beneficial for C-DRX configuration for XR traffic and should be provided via user plane for each data burst:

· End indication of data burst, or the associated Data Burst size information.
XR traffic not based on PDU set
Proposal4: For the UL pose/control traffic that is not based on PDU set, no enhancement is needed.
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