3GPP TSG RAN WG1 #110                                                                                                     R1-2205843
Toulouse, France, 22th Aug – 26th Aug, 2022
[bookmark: OLE_LINK34][bookmark: OLE_LINK33]
Source:               TCL Communication
[bookmark: OLE_LINK19]Title:                    Discussion on XR specific power saving techniques
Agenda item:      9.11.1
Document for:    Discussion and Decision

1. Introduction
In the RAN1 #109-e meeting [1], several issues for XR specific power saving were discussed, and following agreements were made:
	Agreement:
Rel-17 evaluation methodology for XR power saving captured in TR 38.838 is used as the baseline evaluation methodology for UE power evaluation of Rel-18 SI on XR enhancements.
Agreement:
Companies are encouraged to compare performance of the following Rel-15/16/17 features with the proposed enhancements for Rel-18 XR power saving evaluations. Power saving gain is calculated w.r.t. the AlwaysOn baseline. 
· Rel-15/16 CDRX including long DRX cycle, short DRX cycle and DRX command MAC CE and DCP
· Rel-17 PDCCH adaptation including PDCCH skipping and SSSG switching
Note: up to companies to report the configuration of the Rel-15/16/17 features
Agreement:
For power saving study of Rel-18 XR SI, CDRX enhancements to evaluate in this study item are to be selected from the following:
· High priority Issue 1-1: Alignment between CDRX and XR traffic for resolving the 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 2]
· 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 existing spec already
· Low priority Issue 1-5: low latency handling 
· Low priority Issue 1-6: SFN wraparound mismatch (if handled in RAN1)
FFS: how the solutions or the combination of the solutions can handle all the identified issues.
Note 1: Other considerations are not precluded
Note 2: It can also be adopted for addressing issue 1-1
Note 3: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group.
Agreement:
For power saving study of Rel-18 XR SI, PDCCH monitoring enhancements to evaluate in this study item are to be selected from the following
· Low priority Issue 2-1: Alignment between PDCCH monitoring and XR traffic to resolve the mismatch between PDCCH monitoring periodicity and XR traffic periodicity. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-1 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-1 and those proposed for Issue 1-1 are motivated by the same issue, namely non-integer XR traffic periodicity. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-1; (b) solutions proposed for Issue 2-1.
· Low priority Issue 2-2: XR-dedicated PDCCH monitoring window to supplement CDRX for multi-flow traffic. 
· Note: some companies think Rel-17 PDCCH monitoring adaptation can solve issue 2-2 or achieve similar intended outcome
· Note: Solutions proposed for Issue 2-2 and those proposed for Issue 1-3 are motivated by the same issue, namely multiple XR traffic flows. It is to be studied how they compare in in terms of power saving gain and capacity, (a) solutions proposed for Issue 1-3; (b) solutions proposed for Issue 2-2.
· High priority Issue 2-3: Enhancements to Rel-17 PDCCH monitoring adaptation. 
· Note: Discussion on some enhancements may depend on the outcome of Rel-17 PDCCH monitoring adaptation maintenance
· Note: The study on enhancement to R17 PDCCH monitoring adaptation should focus on the techniques that are used for addressing XR-specific issues, e.g., jitter
Note 1: Other considerations are not precluded
Note 2: Companies are encouraged to clarify or provide more details of the proposed solutions, for addressing concerns from the group. 
Agreement:
For Rel-18 XR power saving enhancements, RAN1 further discusses by RAN1 #110 whether the issues below are to be addressed, and if so, which solutions should be selected for evaluation in this study item. These issues are low priority.
· Issue 3-1: Misaligned UE transmission and reception. 
· Issue 3-2: Power saving by XR-aware scheduling.
· Note 1b: XR SI objective has XR-awareness in RAN listed as a specific topic of RAN2 study
· Issue 3-3: Unnecessary data transmission in allocated resources. 
Note 1: Rel-18 XR SI objective only has CDRX enhancements and PDCCH monitoring enhancements explicitly listed as focus of RAN1 study
Note 2: Other considerations are not precluded


eXtended Reality (XR) and Cloud Gaming are some of the most important 5G media applications under consideration in the industry. XR is an umbrella term for different types of realities and refers to all real-and-virtual combined environments and human-machine interactions generated by computer technology and wearables. It includes representative forms such as Augmented Reality (AR), Mixed Reality (MR) and Virtual Reality (VR) and the areas interpolated among them. Power saving for XR has been studied in R-17 SI and the purpose of power study is to understand the NR UE power consumption performance for XR applications, and identify any issues and performance gaps, which could be useful for understanding i) the limitation of current NR systems in supporting XR applications and ii) the potential directions for future necessary enhancements to improve power efficiency. In this contribution, we provide our views on XR specific power saving. 
2. Discussion
Traffic characteristics of XR services were intensively studied in the Rel-17 RAN1 meetings, and the DL/UL traffic models for the video stream and Pose/control for XR and cloud gaming services were agreed. Based on the outcomes of the studies so far, the following characteristics [2] of the XR traffic are identified and should be considered for the potential enhancements of NR to support XR.
· Non-integer periodicity
In RAN1 meetings of Rel-17, it was agreed that 60 frame per second (fps) is baseline for both DL and UL video stream and 30 fps, 90 fps as well as 120 fps can be also optionally evaluated. Based on the arrival time of packet with 30 fps, 60fps, 90fps, 120fps per second, which the corresponding periodicities are {33.33ms, 16.67ms, 11.11ms, 8.33ms} respectively, it’s not an integer periodic of symbol or slot. 
· Jitter of packet arrival time
As agreed in RAN1 meeting in Rel-17, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of total 8ms or 10ms length, and the exact arrival time is not known in advance. 
· Low latency and large packet size
To provide good immersive experience, the latency of XR traffic should be as low as possible. As agreed in RAN1 meetings in Rel-17, air interface PDB for DL video stream is as follows. 
VR/AR
· 10ms 
CG
· 15ms
According to the agreed traffic model in Rel-17, mean packet size is very large. Taking AR/VR 60Mbps as example, mean packet size is 135000 bytes. 
This is very different from R-15/6 URLLC or eMBB services, for URLLC, the most challenge is latency and for eMBB, the most challenge is high transmission data. However, for XR services, both high transmission rate and low latency should be satisfied.
· Varying packet size
In Rel-17 RAN1 meeting, parameters of Truncated Gaussian distribution for packet size of DL video stream in case of single stream evaluation has been agreed and is shown below, we can observed that the packet size of XR is not fixed. 
· [STD, Max, Min]: [10.5, 150, 50]% of Mean packet size

· Multiple flows
For an XR application, there might be multiple data streams. Multiple streams may have different traffic characteristics, requirements and priorities. 
[bookmark: OLE_LINK1]Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows
e-CDRX
· CDRX periodicity matched with XR traffic
DRX is one of the efficient method for UE power saving. When UE steps into the DRX-OFF state, it will be stop to monitor PDCCH and can go to sleeping for UE power saving. In current specification, the periodicity of DRX cycle can only be configured as an integer number of slots. The DRX cycle can be configured as {10ms, 20ms, 32ms, 40ms, 60ms, 64ms…} for long DRX cycle and the cycle values for short DRX can be configured as {2ms, 3ms, 4ms, 5ms, 6ms…}, as show in table 1. However, the periodicity for XR service is not an integer of slot, as discussed in section 2. Therefore, it is not suitable to configure a DRX cycle to match with the XR DL traffic perfectly. If the DRX cycle is configured to an integer number of slots, there will be a gap between XR packet arrival time and DRX configuration, so large delay will be caused.
 Table 1: DRX-Config information element
-- ASN1START
-- TAG-DRX-CONFIG-START

DRX-Config ::=                      SEQUENCE {
    drx-onDurationTimer                 CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },
    drx-InactivityTimer                 ENUMERATED {
                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,
                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-HARQ-RTT-TimerDL                INTEGER (0..56),
    drx-HARQ-RTT-TimerUL                INTEGER (0..56),
    drx-RetransmissionTimerDL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},
    drx-RetransmissionTimerUL           ENUMERATED {
                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,
                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,
                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
    drx-LongCycleStartOffset            CHOICE {
        ms10                                INTEGER(0..9),
        ms20                                INTEGER(0..19),
        ms32                                INTEGER(0..31),
        ms40                                INTEGER(0..39),
        ms60                                INTEGER(0..59),
        ms64                                INTEGER(0..63),
        ms70                                INTEGER(0..69),
        ms80                                INTEGER(0..79),
        ms128                               INTEGER(0..127),
        ms160                               INTEGER(0..159),
        ms256                               INTEGER(0..255),
        ms320                               INTEGER(0..319),
        ms512                               INTEGER(0..511),
        ms640                               INTEGER(0..639),
        ms1024                              INTEGER(0..1023),
        ms1280                              INTEGER(0..1279),
        ms2048                              INTEGER(0..2047),
        ms2560                              INTEGER(0..2559),
        ms5120                              INTEGER(0..5119),
        ms10240                             INTEGER(0..10239)
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
        drx-ShortCycleTimer                 INTEGER (1..16)
    }                                                                                                           OPTIONAL,   -- Need R
    drx-SlotOffset                      INTEGER (0..31)
}

-- TAG-DRX-CONFIG-STOP
-- ASN1STOP
Observation 2：There is a gap between XR periodic DL traffic and current C-DRX configuration, large delay will be caused. 
To align the start time of DRX cycle with XR traffic arrive, when jitter is not considered for XR services, UE and gNB know the arrival time of XR traffic according to the periodicity. A straightforward way is to introduce a set of non-integer periodicity for XR services (such as 8.33ms, 11.11ms, 16.66ms, 33.33ms), however, the set of non-integer periodicity is not matched with integer symbol or slot and the symbol or slot is the minimum time unit for data transmission in current specification. To solve the problem, as show in figure 1(take 60 fps as an example), it can be obviously observed that the mismatch issue appears every three arrival intervals, in others words, within 50ms periodicity, there are three packets will be arrived, so pre-defined  a fixed pattern for DRX within an integer periodicity can be considered. 
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Figure 1. Mismatch between DL traffic with 60 fps and C-DRX with 16ms
Proposal 1: A fixed pattern for DRX within an integer periodicity for XR power saving can be considered. 
· Re-transmission of CG
To further saving UE power consumption, when both C-DRX and CG based transmission is configured, a timer (e.g. drx-RetransmissionTimerUL) which used for Re-transmission can be optimized. In current spec, if the Re-transmission time is configured, UE need to wake up for detecting re-transmission grant after a CG is transmitted. However, a large power consumption will be caused. As a result, how to skip the Re-transmission timer of UL can be studied.
Proposal 2: Whether to skip the DRX re-transmission timer of UL data or not can be studied. 
· Jitter and TB size vary in time
As agreed in Rel-17 RAN1 meeting, a truncated Gaussian distribution is used to model the jitter of DL and UL video stream for XR services. The range of jitter is agreed to be [-4, 4]ms (baseline) and [-5, 5]ms (optional). This means the XR packets may arrive at gNB or UE within a time window of 8ms or 10ms length, and the exact arrival time is not known in advance. When the XR traffic is arrived before DRX-ON, then a scheduling grant will be monitored in DRX on duration timer. However, when the XR traffic is arrived after DRX-ON, UE needs to wait for a scheduling grant until the next DRX cycle, then a large latency will be caused. In addition, because the TB size of XR is varied in time, when SPS/CG resources are configured conservatively, large resources and power will be wasted. In the contrary, when a radical SPS/CG resources are configured, a CG/SPS transmission occasion could not transmit a TB completely. As a result, an additional PDCCH monitor occasion can be configured for XR on DRX-OFF state.
Proposal 3: An additional PDCCH monitor occasion can be configured for XR on DRX-OFF state. 
· Multiple flows
As discussed in section 2, XR services may include multiple data streams and the multiple streams may have different traffic characteristics, requirements and priorities. For a single traffic flows, a DRX configuration can be matched well. However, it cannot be matched well for multiple data streams with different traffic characteristics, requirements and priorities. For instance, if the DRX-onDurationTimer configures a long enough value to cover multiple flows, much power consumption will be caused due to less sleep time; if the DRX-onDurationTimer configured a short value, large delay will be caused for multiple flows. As a result, multiple DRX configuration for XR services can be considered. 
Proposal 4: Study the enhancement of multiple DRX configurations to support XR services with multiple traffic flows.
Enhanced PDCCH monitoring adaptation
In Rel-17 power saving WI, layer-1 based dynamic PDCCH monitoring reduction schemes, i.e. the PDCCH skipping and search space group switching have been discussed. In general, PDCCH skipping can reducing energy consumption of UE obviously, the more PDCCH monitor occasion skipping is, the more energy UE can be saved. As the XR packet is pseudo periodic, so the gNB and UE know the arrive location of the packet of XR. When a packet is successful transmitted, there is an idleness time before a new packet arrives, to save energy, the PDCCH monitoring during the idleness time can be skipped. However, as discussion in section 2, when the XR packet arrive with jitter, as a results, gNB and UE do not know the location of packet arrived anymore, if the skipped number of PDCCH monitoring is too small, then UE need to monitor some unnecessary PDCCH, power of UE is wasted. If the skipped number of PDCCH monitoring is too large, then large delay will be caused, which may exceeds the delay budget of a packet. Therefore, a reasonable setting of PDCCH monitoring skipping for UE power saving with gentle capacity loss for XR should be considered. 
Similarly, for search space group switching, large search space set periodicity will be caused higher transmission latency and lower power consumption, so a trade-off between power saving and capacity for XR should be considered. 
Proposal 5: PDCCH skipping and search space group switching can be considered for XR power saving.
3. Conclusion
In this contribution, the following observations and proposals have been made:
Observation 1: XR services have the following characteristics. 
· The non-integer periodicity
· Jitter of packet arrival time
· Low latency and large packet size
· Varying packet size
· Multiple flows
Observation 2：There is a gap between XR periodic DL traffic and current C-DRX configuration, large delay will be caused. 
Proposal 1: A fixed pattern for DRX within an integer periodicity for XR power saving can be considered. 
Proposal 2: Whether to skip the DRX re-transmission timer of UL data or not can be studied. 
Proposal 3: An additional PDCCH monitor occasion can be configured for XR on DRX-OFF state. 
[bookmark: _GoBack]Proposal 4: Study the enhancement of multiple DRX configurations to support XR services with multiple traffic flows.
Proposal 5: PDCCH skipping and search space group switching can be considered for XR power saving.
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