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Abstract of the contribution: This contribution updates the evaluation and conclusion for the following solutions:
· #33 "Support of CDRX enhancement for power saving handling"
· #34 “5GC and UE Assistance to RAN for CDRX Optimization”
· #58 "Support for application packet information for CDRX enhancements"
· #59 "Assistance information needed for power savings in NG-RAN"
· #60 "End of Burst Indication"
· #72 “Improvements to jitter range assistance information to RAN for configuring CDRX”
· #73 “Notification to XR AF of CDRX parameters reflecting UE's CDRX preference”

Introduction
Solutions #33, #34, #58, #60, #72 and #73 were introduced to address KI#8: Enhancements to power savings for XR services. 
Solution #33 "Support of CDRX enhancement for power saving handling" proposes that the CN (SMF) provides UL/DL XR-specific traffic pattern to the RAN to assist the RAN on setting and configuring the CDRX cycle for a UE. The traffic pattern information can also be sent to the UPF to assist the UPF in DL traffic marking. The PDU set traffic pattern includes, for example, periodicity with start time of the first PDU, indication of last PDU, QoS parameter with priority including on-air PDB, size or number of PDUs, identity of PDUs in set, jitter range for accurate on-duration and active time.
Solution #34 "5GC and UE Assistance to RAN for CDRX Optimization" suggests the use of multiple CDRX configuration or adaptable CDRX configuration. The CN (SMF) provides RAN with information of the “(DL) communication pattern” allowing in turn the RAN to configure the UE with multiple CDRX configurations or adaptable CDRX configuration (e.g. as a function of frame rate, periodicity, GOP structure). In case of multiple CDRX configurations, the UE thereafter selects a CDRX configuration as a function of the DL traffic it has started receiving (upon notification from the application layer). The UE then signals to the RAN via AS signalling which CDRX configuration it uses. Thereafter, the GOP structure is used in the UE and the RAN to switch between CDRX configurations. In case of adaptable CDRX configuration, the UE can decide extending/reducing the CDRX cycle length as a function of the DL traffic it receives and UL traffic it is about to send.
Solution #58 "Support for application packet information for CDRX enhancements" argues that application packet periodicity and periodicity changes, as well as application packet jitter statistics (e.g. jitter range defined by minimum/maximum around the mean application packet periodicity) are useful for the RAN to enhance and configure CDRX (cycle) for a UE.  This information (periodicities and jitter range for each periodicity) is provided by the AF to 5GS. Any change of the periodicities is provided in-band as part of the PDU Set information. It proposes that the CDRX cycle can be optimised to match the application packets inter-arrival time precisely with the addition of the jitter information, thereby saving power. This information is provided as part of TSCAI.
Solution #59 "Assistance information needed for power savings in NG-RAN" suggests UE power saving schemes (CDRX and PDCCH monitoring adaptation e.g. skipping) can benefit from application awareness information provided over: 
-	U-plane (GTP-U header) to identify PDU set boundary as well as PDU set dependencies
-	Control-plane (NGAP signalling) to provide delay budget, validity time, priority indication, size of PDU set, periodicity and jitter (e.g., mean and variance as well as maximum) 
The RAN uses this information to adjust the configuration of the UE power saving schemes.
Solution #60 "End of Burst Indication" proposes the use of an “end of burst” indication (EOBI) within the GTP-U header to help RAN to decide when to put the UE to sleep. The indicator is provided by the application server in a standardized or non-standardized manner. We observe however that EOBI is an obvious Stage 3 data protocol design detail alternative to allow detecting within a data burst the boundaries of the data burst. 
The RAN switches the UE to a low power state when the RAN receives the EOBI (NOTE: The "low power state" is undefined in the proposal). However more importantly, this latter part of the proposal is clearly incorrect given the RAN receiving the EOBI does not mean the UE has received the last PDU Set yet. We also note that other traffic may be ongoing that would prevent sending the UE to a low power state. We further observe this proposal requires in-order delivery of the PDU Sets in the data burst. The power saving gains of the proposal are not disclosed, but would be essentially linked to the inter-burst duration and whether and what "low power state" is used during that time. Further information is required to understand the proposal and its potential benefits.
Solution #72 "Improvements to jitter range assistance information to RAN for configuring CDRX" argues the RAN can take advantage of the data transmission periodicity to shorten the duration the UE is active between receiving the first and the last PDUs. The data provided by the RAN is affected by jitter causing the UE to be active before the data is present and/or power down before all the data for the period is received, thus causing unnecessary power consumption.  The proposed solution is for the CN (SMF) to provide the RAN with three jitter parameters to optimize the CDRX on-duration: 
· Overall jitter range: min/max for whole service duration
· Local jitter average: mean value calculated over a few XR service periods
· Local jitter range: observed fluctuation around the local jitter average 
Solution #73 "Notification to XR AF of CDRX parameters reflecting UE's CDRX preference" suggests RAN can notify the AF of CDRX parameters reflecting the UE’s CDRX preference that implicitly reflects the UE battery level or preference for longer battery life. With this information the solution claims the AF can adjust e.g., codecs and data rates but does not explain how nor whether this yields any power saving gain. We fail to understand the proposal itself and its merits but also and more importantly how it actually fits within KI#8: "Which information (e.g. XR/media traffic characteristics, traffic pattern and statistics), if any, is needed by the RAN from the CN and/or the UE to enhance power management (i.e. CDRX). If needed, how such information is collected." 
A main observation of the above solutions (except Solutions #60 and #73) is that the CDRX configuration could be adjusted according to the characteristics of the XR traffic (incl. PDU Set identification and boundaries, periodicity, jitter) in order to yield power saving gains in the UE – which is an obvious expectation given the use of CDRX. However, whether or not these proposals are useful in saving UE power is something that does fall within RAN2 responsibility, not SA2.
This contribution discusses the above.
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[bookmark: _Toc117119246]7.2	Evaluation for Key Issue #8
Solutions number 33, 58, 59, 60, 72, 73 and, partially, 34 address Key Issue #8. All solutions rely on providing some information to the RAN so that it can optimize the setting of the CDRX parameters (e.g., the DRX cycle). Such solutions can be summarized as follows:
 -	Solution 33. In this solution the RAN and the UPF are provided with UL/DL traffic patterns that then are used to optimize the CDRX cycle duration. The UL/DL traffic patterns include, e.g., the periodicity with jitter range and/or the frequency of the UL and DL bursts and traffic descriptions (to describe the type of traffic). Such information may be provided to the RAN either by the AF (via NEF/PCF and SMF) or by the UPF (via GTP-U header extension). The UPF may receive the information from the AF (via NEF/PCF and SMF) or can derive it based on statistical analysis (e.g., as described in Solution 12). 
-	Solution 34 has two parts. 
	1) The first part focuses on how to provide CN assistance information to the RAN to that it can optimize the CDRX cycle duration. The 3rd party application function provides session identifier, traffic patterns (frame rate, dynamic GOP, maximum frame size) and traffic profile (UE driven vs. server driven DL traffic) in a way similar to the External Parameter Provisioning of Rel-15. The UDM stores the XRM Communication Patterns and the SMF can retrieve the “SMF associated” information and use it to derive the CN assisted RAN information.
	2) The second part focuses on how the UE may be configured with multiple CDRX configurations and that the UE may choose to move from one CDRX configuration to another or may choose to modify a CDRX configuration parameter based on the traffic pattern that is being used. This might be useful in situations where the UE is aware of a traffic pattern starting or beginning before it can be detected by the network.
	CDRX is under full responsibility of RAN2. This solution cannot be evaluated or concluded by SA2. It can simply be observed this solution incurs multiple signalling handshakes between the UE and the network in order to constantly change the applied CDRX configuration, therefore causing additional UE power consumption and costing precious radio capacity. No evidence has been shown the solution provides gains over existing mechanism.
-	Solution 58 proposes to provide the Application Packet periodicities and jitter ranges on a per application flow manner to the RAN. Such information can be provided as part of the TSCAI (Time Sensitive Communication Assistance Information) in a semi-static way (over CP). In case of dynamic corrections of the periodicity values, corrections can be indicated in-band (i.e., via the AS-UPF-RAN in the PDU Set information – See Solution 8).
	The benefit of providing the jitter range along with the periodicity, either as part of the TSCAI or as in-band signalling, is expected to improve the CDRX accuracy and thereby save power. RAN1 LS (S2-228015) has indicated that the jitter range (minimum and maximum value) is helpful for the enhancement of XR-specific UE power management.
-	Solution 59 categorizes the information to be sent to the RAN in essential (PDU Set boundaries, i.e., indication of first PDU of the PDU set, last PDU of the PDU set, sequence number of the PDU within the PDU Set), assistance information (traffic periodicity, jitter statistics, PDU set size as well as priorities, dependencies, and validity times of the PDU sets). The information is provided to the RAN at PDU session establishment/modification via GTP-U header and/or CP signaling (NGAP). In general, information provided to NG-RAN for the purpose of KI#4/5 is also leveraged for improved power savings.
-	Finally, Solution 60 proposes to provide the RAN with the end of burst indication via in-band signaling over GTP-U header. Such information is sent by the UPF which can get it explicitly from the AS or can generate it locally based on other mechanisms.
The burst indication itself is a Stage 3 data protocol design detail alternative to allow identifying within a data burst the boundaries of the data burst.
Any power saving gains from the proposal have not been evaluated, however are linked to the inter-burst duration, whether the UE can be sent to a "low power state" in that interval and what "low power state" is targeted.
Further information is required to understand whether this proposal requiring explicit identification of a burst of PDU Sets and the end thereof can yield benefits from a UE power saving standpoint. This solution has not provided sufficient evidence of power saving gains.
-	Solution #72 argues the RAN can take advantage of the data transmission periodicity to shorten the duration of time the UE is active between receiving the first and the last PDUs. However, the data provided by the gNB is affected by jitter causing the UE to active before the data is present and/or power down before all the data for the period is received, thus causing unnecessary power consumption. The proposed solution is for CN (SMF) to provide RAN with three jitter parameters (Overall jitter range, local jitter average and local jitter range). 
 	This solution has not identified the benefits of adding such granularity to the jitter information. Whether these additional parameters are useful in saving additional UE power vs. Solution #58, falls outside SA2 responsibility.

-	Solution #73 suggest RAN can notify the AF of the CDRX parameters reflecting the UE’s CDRX preference that implicitly reflects the UE battery level or preference for long battery life. With this information the AF can adjust e.g., codecs and data rates. 
The UE expressing CDRX preference to the RAN is already specified – there is no need to associate that with any battery information. 
The solution does not explain how the AF makes use of the CDRX parameters to adjust e.g. codec and data rates, nor whether any additional power saving gain is obtained. 
However, more importantly, it is unclear how this proposal actually addresses KI#8 "Which information (e.g. XR/media traffic characteristics, traffic pattern and statistics), if any, is needed by the RAN from the CN and/or the UE to enhance power management (i.e. CDRX). If needed, how such information is collected." In other words, Solution#73 is out of scope.
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The following information, to be provided to the NG-RAN at PDU Session Establishment/Modification via an NGAP Message, is taken as baseline for normative work: 
-	Periodicity for UL and DL traffic of the QoS Flow. In addition to integer periodicity values, non-integer values associated to, e.g., 45FPS, 60 FPS, 90FPS, 120FPS, shall be supported. Such information shall be exchanged by re-using/extending the TSCAI/TSCAC definitions in TS 23.501 clause 5.27.2.1. 
Editor's Note:	If the PDU sets with the Periodicity (e.g., 45FPS, 60 FPS, 90FPS, 120FPS) are mapped into different QoS Flows, it is FFS whether the same Periodicity still exists and whether the same Periodicity can be used for the UL and DL traffic of each QoS Flow. 
NOTE 1: 	The above information can be provided to the 5GC by the AF via an NEF API. The 5GC can further derive, or be configured, with such information. 
Editor's Note:	How 5GC derives the above information is FFS.
-	Traffic jitter information associated with each periodicity.
Editor's Note:	How 5GC derives the above information is FFS.
The AF may provide assistant information to 5GC and assist the UPF to detect the end of Data Burst: 
NOTE 2: 	Whether this assistant information based on indication of only one media unit within each data burst or based on RTP extension header or both can be discussed in normative work.
The following information for DL traffic, to be provided to the NG-RAN with in-band signaling via GTP-U header, is taken as baseline for normative work:
-	Optional, End of Data Burst indication in the header of the last PDU of the Data Burst.
NOTE 3:	It is assumed that the PDU with the End of data burst indication is received by the NG-RAN after all other PDUs of the Data Burst. 
The UPF detects the end of a Data Burst the and marks the End of Data Burst indication over GTP-U based on information provided by the AS in the PDU (e.g., “End” in the RTP extended header when only one media unit (e.g. NAL Unit) within each data burst).
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