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Introduction
In this paper, we first describe the issue of temporal mismatch between legacy DRX cycles and inter-frame periods of XR and cloud gaming applications and explain the reasons why we want to address it in R17 instead of R18. We then propose a simple enhancement with very minor impact on the current specs to address the issue. 
Discussion
We have observed that cloud gaming is rapidly expanding from consoles (e.g. Xbox cloud gaming) to smartphones and has become increasingly popular among many users. And VR applications on 5G are actively being trialed out (e.g., ATT 5G Harry Potter Virtual Reality Experience). Many industry players such as device vendors and service providers consider the attachment of 5G cellular modem on head-mounted displays (e.g. AR glass) to be a key technology that allows edge computing access to such devices and enable truly immersive XR user experience. They anticipate these market opportunities being ready to be exploited earlier than the expected Rel-18 timeline.
Observation 1.	There are market opportunities in cellular-enabled XR and cloud gaming products ready to be exploited earlier than the expected Rel18 timeline.
It has been identified that power consumption is one of the most important KPIs for XR and cloud gaming use cases. In particular, for dedicated XR and gaming devices, the device form factor and usability are heavily influenced by thermal design considerations and power dissipation. Reducing power consumption is the key to realizing the target form-factor and battery life necessary for those devices to have mass market appeal and achieve commercial success. Therefore, we think it is important for 3GPP community to take advantage of the strong market interest and standardize critical power savings features ahead of Rel-18.   
Observation 2. 	Low power is the key to realizing the target form-factor and battery life necessary for those products to have mass market appeal and achieve commercial success.
(Note: for the simplicity of presentation, in the rest of paper “XR” refers to both XR and cloud gaming).
In XR applications, frames are generated periodically. Some typical frame rates are 60 or 120 frames per seconds (fps), which correspond to inter-frame intervals of 16.67ms or 8.33ms, respectively.
To save power, network should try to configure UE’s DRX cycle to match the inter-frame cadence of traffic.  However, the configurable values of legacy DRX long cycle are 10, 20, 32, 40 ms, etc, and 2, 3, 5, 6, 7, 8, 10, 14, 16, 20, 30 ms, etc for short DRX cycle. This creates a temporal mismatch between DRX cycles and non-integer inter-frame cadence of XR traffic. It means that as long as DRX cycles take only integer values in msec, the start of DRX cycles cannot always be aligned with the start of XR frames. UE may either wakeup early or later than the start of a new XR frame. As a result, UE may have longer DRX active time or longer latency for its frames. That increases UE’s power consumption or degrades network capacity, which clearly is not desirable. An example of this mismatch is illustrated in Figure 1 in Section 3, in which the timing mismatch causes UE to miss DRX on durations.
In RAN1’s evaluation study on XR, companies have reported 10~20% power savings gains (e.g. [1]) if the temporal mismatch can be avoided. Since DRX has been a proven technique for UE power saving and easier for operators to deploy, we believe simple enhancements which can solve the temporal mismatch issue can be an effective way to reduce power consumption for XR applications. 
Observation 3.	Aligning DRX cycles and non-integer periods of XR traffic is a simple but effective method to reduce power consumption of XR devices.
We understand that there can be other DRX-related power saving enhancements for XR. But given the limited TU available for TEI17, we think it is more pragmatic to focus on only an enhancement which has the least impact on the current spec but significant benefits. 
With that in mind, we think a simple solution is to add a set of new values which correspond to typical periods of XR traffic for both short and long DRX cycles (see the TP in Section 4). The proposed changes are the following:
· In TS38.331, since the legacy drx-Config is not extensible, we need to introduce a new IE under mac-CellGroupConfig. Within this new IE, it is more accurate to specify the new DRX cycles in fractions (e.g. 50/3 instead of 16.66) than in decimals which can only approximate actual traffic periods and introduce rounding errors. The set of values we have included in the TP correspond to the commonly used frame rates of 15, 24, 30, 45, 48, 60, 80, 90 and 120 Hz.
· In TS38.321, we can keep the legacy formula for determining the start time of a DRX cycle as is, with the understanding that when DRX cycle is a rational number, the modulo operation in the formula is the modulo operation on rational numbers. In addition, since the result of the modulo operation can be non-integers, we need to add “floor” operation to both sides of the formula.  
In Figure 1, we use an example to illustrate the performance improvement enabled by the proposed enhancement compared to the legacy. In this example, the frame rate is 60Hz. The legacy configuration has a DRX cycle of 16 ms. For the enhancement, DRX cycle is set to 50/3 ms. Each data point in the plot corresponds to one DRX cycle and shows the difference between the start of DRX cycle and XR frame. For example, a data point with y-axis value = -4 ms means that in a particular DRX cycle, the XR frame arrives 4ms earlier than the start of that DRX cycle.
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Figure 1. Timing between start times of DRX cycles and XR frames - legacy vs enhancement
As we can observe from the plot,
· In the legacy configuration, UE would suffer from a large swing in timing mismatches (aka drift). This creates large jitter/latency for UE when frames arrive ahead of DRX cycle and consume extra power when DRX cycles start earlier than necessary.
· With the enhancement, although there are still some mismatches varying over DRX cycles, their magnitudes are limited to a very small range. And more importantly, this range does not to change over time. This property is very desirable, from both latency and power saving perspectives. 
Based on the above observations and discussion, we’d like to propose that
Proposal 1. 	Introduce non-integer short/long DRX cycles in Rel-17.
Proposal 2.	Adopt the TPs in the Appendix.

Conclusion
Observation 1.	There are market opportunities in cellular-enabled XR and cloud gaming products ready to be exploited way earlier than the expected Rel18 timeline.
Observation 2. 	Low power is the key to realizing the target form-factor and battery life necessary for those products to have mass market appeal and achieve commercial success.
Observation 3.	Aligning DRX cycles and non-integer periods of XR traffic is a simple but effective method to reduce power consumption of XR devices.
Proposal 1.	Introduce non-integer short/long DRX cycles in Rel-17.
Proposal 2.	Adopt the TPs in the Appendix.
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–	MAC-CellGroupConfig
The IE MAC-CellGroupConfig is used to configure MAC parameters for a cell group, including DRX.
MAC-CellGroupConfig information element
-- ASN1START
-- TAG-MAC-CELLGROUPCONFIG-START

MAC-CellGroupConfig ::=             SEQUENCE {
    drx-Config                          SetupRelease { DRX-Config }    OPTIONAL,   -- Need M
    schedulingRequestConfig             SchedulingRequestConfig        OPTIONAL,   -- Need M
    bsr-Config                          BSR-Config                     OPTIONAL,   -- Need M
    tag-Config                          TAG-Config                     OPTIONAL,   -- Need M
    phr-Config                          SetupRelease { PHR-Config }    OPTIONAL,   -- Need M
    skipUplinkTxDynamic                 BOOLEAN,
    ...,
    [[
    csi-Mask                            BOOLEAN                        OPTIONAL,   -- Need M
    dataInactivityTimer                 SetupRelease { DataInactivityTimer } OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    usePreBSR-r16                       ENUMERATED {true}              OPTIONAL,   -- Need R
    schedulingRequestID-LBT-SCell-r16   SchedulingRequestId            OPTIONAL,   -- Need R
    lch-BasedPrioritization-r16         ENUMERATED {enabled}           OPTIONAL,   -- Need R
    schedulingRequestID-BFR-SCell-r16   SchedulingRequestId            OPTIONAL,   -- Need R
    drx-ConfigSecondaryGroup-r16        SetupRelease { DRX-ConfigSecondaryGroup } OPTIONAL    -- Need M
]]
[[
drx-ConfigNonIntegerCycles-r17		SetupRelease { DRX-ConfigNonIntegerCycles }	OPTIONAL, 	-- Need M
]]
}

DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}

DRX-ConfigNonIntegerCycles  ::=		SEQUENCE {
	drx-LongCycleStartOffset			CHOICE  {
		twentyFiveThird             		INTEGER(1..7),
		oneHundredNinth						INTEGER(1..10),
		twentyFiveSecond					INTEGER(1..11),
		fiftyThird							INTEGER(1..15),
		oneHundredTwentyFiveSixth			INTEGER(1..19),
		twoHundredNinth						INTEGER(1..21),
		oneHundredThird						INTEGER(1..32),
		oneHundredTwentyFiveThird			INTEGER(1..40),
		twoHundredThird						INTEGER(1..65)
	},
	drx-ShortCycle						ENUMERATE  {
											twentyFiveThird, oneHundredNinth, twentyFiveSecond,
											fiftyThird, oneHundredTwentyFiveSixth, twoHundredNinth,											oneHundredThird, oneHundredTwentyFiveThird,
											twoHundredThird }  OPTIONAL -- M
}

-- TAG-MAC-CELLGROUPCONFIG-STOP
-- ASN1STOP

	MAC-CellGroupConfig field descriptions

	usePreBSR
If set to true, the MAC entity of the IAB-MT may use the Pre-emptive BSR, see TS 38.321 [3].

	csi-Mask
If set to true, the UE limits CSI reports to the on-duration period of the DRX cycle, see TS 38.321 [3].

	dataInactivityTimer
Releases the RRC connection upon data inactivity as specified in clause 5.3.8.5 and in TS 38.321 [3]. Value s1 corresponds to 1 second, value s2 corresponds to 2 seconds, and so on.

	drx-Config
Used to configure DRX as specified in TS 38.321 [3].

	drx-ConfigNonIntegerCycles
Used to configure DRX short and long cycles with non-integer values. Value twentyFiveThird corresponds to 25/3 msec, oneHundredNinth corresponds to 100/9 msec, and so on. Only the last digit is used as the denominator of a value. When this field is configured, drx-LongCycleStartOffset and drx-ShortCycle in drx-Config shall be ignored.

	drx-ConfigSecondaryGroup
Used to configure DRX related parameters for the second DRX group as specified in TS 38.321 [3]. The network does not configure secondary DRX group with DCP simultaneously nor secondary DRX group with a dormant BWP simultaneously.

	lch-BasedPrioritization
If this field is present, the corresponding MAC entity of the UE is configured with prioritization between overlapping grants and between scheduling request and overlapping grants based on LCH priority, see TS 38.321 [3].

	schedulingRequestID-BFR-SCell
Indicates the scheduling request configuration applicable for BFR on SCell, as specified in TS 38.321 [3].

	schedulingRequestID-LBT-SCell
Indicates the scheduling request configuration applicable for consistent uplink LBT recovery on SCell, as specified in TS 38.321 [3].

	skipUplinkTxDynamic
If set to true, the UE skips UL transmissions as described in TS 38.321 [3].

	tag-Config
The field is used to configure parameters for a time-alignment group. The field is not present if any DAPS bearer is configured.



	Conditional Presence
	Explanation

	MCG-Only
	This field is optionally present, Need M, for the MAC-CellGroupConfig of the MCG. It is absent otherwise.


End of the change for TS38.331

Start of the change for TS38.321
When DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant and LBT failure indication is not received from lower layers:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first transmission (within a bundle) of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process at the first transmission (within a bundle) of the corresponding PUSCH transmission.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
[bookmark: _Hlk49354090]2>	stop drx-onDurationTimer for each DRX group;
2>	stop drx-InactivityTimer for each DRX group.
1>	if drx-InactivityTimer for a DRX group expires:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for this DRX group in the first symbol after the expiry of drx-InactivityTimer;
3>	use the Short DRX cycle for this DRX group.
2>	else:
3>	use the Long DRX cycle for this DRX group.
1>	if a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer for each DRX group in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX cycle for each DRX group.
2>	else:
3>	use the Long DRX cycle for each DRX group.
1>	if drx-ShortCycleTimer for a DRX group expires:
2>	use the Long DRX cycle for this DRX group.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer for each DRX group;
2>	use the Long DRX cycle for each DRX group.
1>	if the Short DRX cycle is used for a DRX group, and floor{[(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor[(drx-StartOffset) modulo (drx-ShortCycle)]:
2>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
1>	if the Long DRX cycle is used for a DRX group, and floor{[(SFN × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset:
2>	if DCP monitoring is configured for the active DL BWP as specified in TS 38.213 [6], clause 10.3:
3>	if DCP indication associated with the current DRX cycle received from lower layer indicated to start drx-onDurationTimer, as specified in TS 38.213 [6]; or
3>	if all DCP occasion(s) in time domain, as specified in TS 38.213 [6], associated with the current DRX cycle occurred in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to start of the last DCP occasion, or during a measurement gap, or when the MAC entity monitors for a PDCCH transmission on the search space indicated by recoverySearchSpaceId of the SpCell identified by the C-RNTI while the ra-ResponseWindow is running (as specified in clause 5.1.4); or
3>	if ps-Wakeup is configured with value true and DCP indication associated with the current DRX cycle has not been received from lower layers:
4>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
2>	else:
3>	start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe.
NOTE 2:	In case of unaligned SFN across carriers in a cell group, the SFN of the SpCell is used to calculate the DRX duration.	
End of the change for TS38.321
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