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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 seem referable in RAN2, e.g. the issue about SFN wrap around. 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 the highlighted issues in RAN2 agreements. In the following sections, we will first analyse several DRX cycle mismatch issues which are caused by different reasons, including non-integer periodicity, multiple streams and SFN wrap around. Then we will discuss about the impacts of jitter. In the last part, we will analyse the scenario where UL and DL traffic coexist and propose potential enhancements for this scenario. We also provide TPs in the annex part.
2. Discussion
2.1
DRX cycle mismatch
According to the objective for XR-specific power saving, XR specific power saving techniques shall consider XR service characteristics evaluated by RAN1 in Rel-17, e.g. periodicity, multiple streams, jitter, latency and so on. We will analyse the impacts of these main XR traffic characteristics on power saving and propose potential solutions in this chapter.
2.1.1
Non-integer periodicity

XR traffic arrives according to the frame rate of the service, e.g. 60fps, 90fps, or even 120fps, which results in non-integer periodicity of XR traffic, e.g. 1/60s, 1/90s and 1/120s. However, DRX scheme can only support several discrete and integer cycles as shown in Annex A. This will result in frequent mismatch between XR traffic arrival and DRX on-duration over time, as shown in the following Fig.1. 
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Fig.1 Mismatch between XR traffic and DRX OnDuration or Search Space Duration
When mismatch happens, if the network schedules the traffic when the UE enters its next DRX active time, it may result in significant latency for the traffic. For example, for VR DL stream, the traffic periodicity is about 16.67ms while the PDB is 10ms as shown in [1]. For such service, it is not suitable to delay the scheduling to the next DRX cycle. In order to guarantee the PDB requirement, the network will have to send some data, e.g. a MAC CE or padding, to the UE to extend UE’s DRX active time when the drx-onDurationTimer is going to expire while no traffic arrives. However, it will cause additional power consumption to the UE.
To address the mismatch between DRX cycle and XR traffic periodicity, multiple solutions for DRX enhancements have been identified in RAN1 [3] and RAN2 [4]. We provide a brief summary of these methods below:
· Dynamic indication to adjust C-DRX configuration 

Dynamic signaling can be used for adjustment of DRX start offset/duration. In this solution, additional dynamic signaling is needed for DRX configuration which is actually semi-static configured in current specification. For dynamic indication, the UE needs to monitor the PDCCH frequently to obtain the updated information.

· Non-uniform C-DRX cycle pattern

Multiple small DRX cycles are configured in one DRX configuration to compose a longer DRX cycle. For example, three small DRX cycles, e.g., (16ms, 17ms, 17ms) can obtain a longer DRX cycle of 50ms. In this way, the alignment between XR traffic and DRX cycle can be achieved.

· Uniform non-integer DRX cycle

The non-integer DRX cycles, e.g., 1000/FPS ms, are configured to adapt the different frame rates of XR video. The DRX formula defined in TS 38.321 can be reused with some modification, e.g., start the drx-onDurationTimer if 

floor {[(SFN × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset.

However, there is a risk that the floor operation over a non-integer may introduce rounding error in real comptuer’s implementation, which may result in misalignment between the gNB and the UE due to different computational accuracies.
In order to avoid rounding error introducing by the floor operation, the DRX formula defined in TS 38.321 can be reused with another modification, e.g., start the drx-onDurationTimer if
[(SFN × 10) + subframe number + M] modulo (drx-LongCycle) = drx-StartOffset, 

Where -1 ≤ M ≤ 0.
In this formula, M can eliminate the effect of a fraction in non-integer DRX cycle. For example, if drx-LongCycle = 50/3ms and drx-StartOffset = 0ms, we can obtain the following table 1 based on the formula. And then, UE can start the drx-onDurationTimer based on the  following SFN and subframe number.
	SFN
	subframe number
	M

	0
	0
	0

	1
	7
	-1/3

	3
	4
	-2/3

	5
	0
	0

	…
	…
	…


· Semi-static configurations of drx_StartOffset to match the traffic periodicity

· Periodic adjustment of drx_StartOffset
A fixed shift for drx_StartOffset is added periodically (i.e., every N cycles) to adjust the start of drx-onDurationTimer. Then the alignment between XR traffic and DRX cycle can be achieved. 

· Configuring multiple start offsets within one C-DRX cycle

Similar to non-uniform DRX cycle pattern, another solution is to configure a DRX start offset pattern, e.g., multiple start offsets within one DRX cycle. For example, three DRX start offsets, e.g., (0ms, 16ms, 33ms), can be configured in a DRX cycle of 50ms as shown in Fig.2. In this case, the DRX formula defined in TS 38.321 can be applied to the multiple start offsets without change.
· Multiple active C-DRX configurations

In this case, multiple active DRX are configured with the same long cycle, e.g., 50ms, and different start offsets for each, e.g., (0ms, 16ms, 33ms). Each DRX configuration is applied for a small DRX cycle within an aligned long DRX cycle. The achieved effect is similar to that of configuring multiple start offsets within a single DRX cycle.
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Fig.2 Match between DRX and XR traffic with multiple DRX start offsets
From RAN2’s perspective, the main differences among these solutions lie in specification impacts, signalling overhead, forward compatibility, etc. These solutions can be divided into two categories, e.g., dynamic adjustments and semi-static configurations. Since XR traffic is quasi-periodic, dynamic adjustments are not necessarily due to large signalling overhead and the potential ambiguity issue between the network and UE in case of the missed signalling. Semi-static configurations are preferred, since they are simpler for implementation and more robust to miss detection. 

Observation1: Semi-static DRX configurations are preferred, since they are simpler for implementation and more robust to miss detection while XR traffic periodicity does not change dynamically.
The semi-static solutions mentioned above are expected to have similar power saving performance. Further comparison in terms of the potential specification impacts among the semi-static configuration solutions is summarized in Table 1. The pros and cons are also analysed. 
	Solution
	Potential specification impacts
	Pros and cons

	Non-uniform DRX cycle pattern
	· Introduce DRX cycle patterns, e.g., (16,17,17) ms, (16,16,18) ms, etc.

· Switch among multiple small cycles
	· High spec impact due to switch among multiple small cycles

	Uniform non-integer DRX cycle
	· Introduce non-integer C-DRX cycle values, e.g., 1000/FPS ms

· Add floor operation in C-DRX formula
	· Floor operation over a non-integer could introduce rounding error and result in misalignment between the BS and the UE.

	
	· Introduce non-integer C-DRX cycle values, e.g., 1000/FPS ms

· Add M in C-DRX formula
	· Small impact on specifications

	Periodical adjustment of drx-StartOffset
	· Introduce a time shift for drx-StartOffset and a periodicity N, so that the time shift for drx-StartOffset is added periodically (i.e., every N cycles) to adjust the start of drx-onDurationTimer.

· New DRX formula may be needed
	· Need a perfect synchronization between the gNB and the UE on the cycle index, in which the time shift should be added.
· High specification impact to design new DRX formula and time shift operation.

	Configuring multiple start offsets within one DRX cycle
	· Introduce multiple DRX start offsets

· Add an index for drx-StartOffset in C-DRX formula
	· Only a single DRX cycle needs to be maintained
· Small impact on specifications and implementation

	Multiple active DRX configurations
	· Introduce multiple sets of DRX parameters
· Management of multiple sets of timers
	· High spec impact due to management of multiple sets of timers


Table 1, Comparisons among semi-static configuration solutions
We can see that configuring multiple start offsets within one DRX cycle is simple and has little specification impacts, which is preferred. We provide some exemplary TPs in Annex B to show the simplicity of this approach.
Proposal1: To address the issue of DRX cycle mismatch due to non-integer periodicity, recommend the design of single DRX configuration with multiple start offsets for normative work. Text proposal in Annex B.  
2.1.2
SFN wrap around
Another DRX mismatch issue is caused by SFN wrap around. Specifically, when DRX cycle cannot divide 10240ms, there exists mismatch between DRX cycle and traffic arrival when SFN wraps around. RAN1 has also concluded “SFN wrap around mismatch” as a RAN2 issue. We will discuss the issue in details in the following section.
We noticed that similar issue has already been discussed thoroughly in Rel-16 IIoT for CG type 1, with a similar reason that CG periodicity could have a value which is non-divisor of 10240ms. For DRX enhancements, if the DRX cycle is a non-divisor of 10240ms, then there exists SFN wraparound mismatch, too.

Observation2: Mismatch will emerge when DRX periodicities are non-divisors of 10240ms at SFN wrap-around. 
In CG type 1 in Rel-16, the final solution for SFN wrap around is to introduce a reference SFN indicator to indicate the reference SFN when determining the time offset for CG resource. A sequential variable N is used to calculate the time domain resource for CG sequentially to guarantee CG resource occurs periodically in spite of SFN wrap around. Since similar problem has been discussed and resolved for CG type 1 in Rel-16, we think similar designs can be used for reference. We provide a TP for this in Annex C.
Proposal2: To address the issue of DRX cycle mismatch due to SFN wrap-around, recommend the solution designed for Rel-16 CG for normative work, i.e., introduce a reference SFN indicator for DRX configuration. Text proposal in Annex C.
2.2 Multiple streams with different periodicities

As identified in RAN1 Rel-17 study, there can be multiple data streams with different traffic characteristics and QoS requirements in both DL and UL for a given XR application, e.g., video/depth and pose/control, video stream and audio stream [1]. With one single DRX configuration, the DRX ON duration cannot match traffic from different streams because of their different periodicities. For example, if there is a video stream with periodicity 16.67ms and PDB 10ms, and an audio stream with periodicity 10ms and PDB 30ms, at the same time. If the DRX cycle is configured to 16.67ms, the audio traffic will experience at most 13.33ms delay.

In the last RAN2 meeting, some companies proposed to introduce multiple active DRX configurations with different cycles, to match the different periodicities of multiple XR streams. However, we doubt if this is necessary. Actually, we don’t have to strictly meet the data arrival of each stream. The essential requirement is to complete data transmission before the PDB expires. As for the mentioned video and audio streams, the audio stream usually has a much more relaxed requirement, which means a tolerable delay is allowed. As illustrated in Fig.3, the audio data can be transferred in its PDB time even though it is not well matched by the DRX cycles. 
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Fig.3 One single DRX able to deal with multiple streams
CG/SPS is another potential solution to handle multiple streams. As evaluated in [1], the pose/control stream is assumed to be exactly periodic with no jitter. In this way, the current CG mechanism can be used. Thus, it is sufficient to configure one single DRX, i.e. configure DRX for the video stream and configure CG for the pose/control stream.

Observation3: Multiple DRX configurations with different DRX cycles are not needed for XR traffic.

From our perspective, the benefits of introducing multiple DRX configurations are not clear, but the complexity is foreseeable, as we explained in the previous part. In fact, at the current stage, we do not see any specific power saving issues for multiple streams. We can focus on handling the power saving issues for single-stream case.

Proposal3: RAN2 does not have to study DRX enhancements for multiple XR streams.
2.4
Coexistence of UL and DL traffic
Concerns have been raised in the previous meeting on the co-existence of UL and DL traffic for XR that there might be misalignment in the data arrival between UL and DL and the power consumption might be large if the UE always stay in DRX Active Time. On this issue, RAN1 has also reached the following agreement in the previous RAN1 meeting
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Nevertheless, for the uplink traffic, there is a longer PDB than the downlink traffic. For example, the UL traffic for AR is summarized in the following table. The PDB can be as large as 60 ms. Hence, by implementation, the UE can hold the uplink traffic after it arrives, and send the data in the most recent PDCCH monitoring occasion in the next DRX on-duration time. 
Table 5.5.2.1‑1 Statistical parameters for AR UL Model 1 (one stream model)

	Parameters
	unit
	value

	Packet size
	byte
	Follows section 5.3.1 (i.e., mean packet size = R×1e6 / F / 8, STD/Min/Max=10.5/50/150%)

	packet generation rate: F 
	Hz
	60

	Jitter
	ms
	Optional, follows the description in 5.1.1.2

	Data rate: R
	Mbps
	10 (baseline), 20 (optional)

	PDB
	ms
	30 (baseline), 10 or 15 or 60 (optional)


Also, we think it is also possible to align the UL and DL traffic in the application layer by high layer interactions. Based on the discussion above, we propose the following:

Proposal4:  Deprioritize the issue of UE transmission and reception alignment for power saving in Rel-18 XR SI.
2.5
Power Saving for UL XR traffic
In addition to the issues analysed above, we can find that an XR service involves both downlink and uplink traffic. For VR/CG service, the downlink traffic arrives according to the frame rate, e.g. 60fps. While the uplink traffic, e.g. uplink pose or control traffic, may arrive with different periodicity, and may have some different traffic characteristics. As shown in the Table 5.2-1 of [1], we can find UL XR pose/control traffic has fixed periodicity with no jitter, small and fixed packet size, PDB larger than periodicity.

	Table 5.2-1: Statistical parameters for the UL pose/control traffic

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




Actually, CG configuration is suitable for such uplink traffic. As we know, according to the current DRX mechanism, each time when the UE performs a CG transmission, the UE starts the drx-HARQ-RTT-TimerUL associated with the HARQ process, and the UE starts the drx-RetransmissionTimerUL when the drx-HARQ-RTT-TimerUL expires. The UE will be in DRX active time when drx-RetransmissionTimerUL is running. 

An apparent enhancement is to allow CG transmissions not to trigger the start/restart of drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerUL. However, it may be too radical to do this for all CG transmissions as it may cause timeouts, especially when the CG occasion occurs just after an active time and the next ON duration is far away, e.g. farther than the PDB boundary. To skip drx-RetransmissionTimerUL for some of the CG transmissions is a balanced option. The PDB for uplink XR traffic may be much larger than periodicity, e.g. PDB=10ms while periodicity=4ms. Thus, if the time gap between a CG transmission and subsequent DRX active time, e.g., due to other running DRX timers, is less than 10ms, the UE does not have to start drx-RetransmissionTimerUL. Once the CG transmission fails, the network can schedule retransmission in time when UE enters DRX active time later.

Based on the above considerations, we suggest RAN2 to study methods to improve power saving effects due to the uplink XR traffic, e.g. to avoid starting drx-RetransmissionTimerUL frequently.
Proposal5: RAN2 to study methods to improve power saving effects uplink XR traffic, e.g. by allowing not to start drx-RetransmissionTimerUL for some CG occasions.
3. Conclusion

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

Observation1: Semi-static DRX configurations are preferred, since they are simpler for implementation and more robust to miss detection while XR traffic periodicity does not change dynamically.
Observation2: SFN wraparound mismatch will emerge when DRX periodicities which are non-divisors of 10240ms are introduced. 

Observation3: Multiple DRX configurations with different DRX cycles are not needed for XR traffic.
DRX cycle mismatch
Proposal1: To address the issue of DRX cycle mismatch due to non-integer periodicity, recommend the design of single DRX configuration with multiple start offsets for normative work. Text proposal in Annex B.  
Proposal2: To address the issue of DRX cycle mismatch due to SFN wrap-around, recommend the solution designed for Rel-16 CG for normative work, i.e., introduce a reference SFN indicator for DRX configuration. Text proposal in Annex C.

Multiple streams
Proposal3: RAN2 does not have to study DRX enhancements for multiple XR streams.
Co-existence of UL and DL traffic
Proposal4:  Deprioritize the issue of UE transmission and reception alignment for power saving in Rel-18 XR SI.
Power Saving for UL XR traffic
Proposal5: RAN2 to study methods to improve power saving effects uplink XR traffic, e.g. by allowing not to start drx-RetransmissionTimerUL for some CG occasions.
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Annex A: DRX cycles supported by NR

    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 },

Annex B: TP for DRX configuration with multiple start offsets

38.321 v17.1.0

5.7
Discontinuous Reception (DRX)

The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].

NOTE 1:
Void

RRC controls DRX operation by configuring the following parameters:

-
drx-onDurationTimer: the duration at the beginning of a DRX cycle;

-
drx-SlotOffset: the delay before starting the drx-onDurationTimer;

-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;

-
drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;
-
drx-StartOffsetList (optional): the multiple drx-StartOffsets which define the subframes where the multiple DRX cycles start;
-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;

-
drx-RetransmissionTimerSL (per SL HARQ process): the maximum duration until a grant for SL retransmission is received;

-
drx-HARQ-RTT-TimerSL (per SL HARQ process): the minimum duration before an SL retransmission grant is expected by the MAC entity;

-
ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;

-
ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-
ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;

-
downlinkHARQ-FeedbackDisabled (optional): the configuration to enable HARQ feedback per DL HARQ process;
-
uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process.

---------------------------------------------------------- skipped text ---------------------------------------------------------------

For each drx-StartOffset configured within the list drx-StartOffsetList (if configured) or configured by drx-SrartOffset or drx-LongCycleStartOffset:
1>
if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (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 [(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.

---------------------------------------------------------- skipped text ---------------------------------------------------------------
38.331 v17.1.0

–
DRX-Config
The IE DRX-Config is used to configure DRX related parameters.

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)

}

DRX-ConfigExt-v1700 ::=                 SEQUENCE {

    drx-HARQ-RTT-TimerDL-r17                INTEGER (0..448),

    drx-HARQ-RTT-TimerUL-r17                INTEGER (0..448)

}
DRX-ConfigExt-v1800 ::=




SEQUENCE {


drx-StartOffsetList-r18         drx-StartOffsetList-r18











OPTIONAL
-- Need R
}

drx-StartOffsetList-r18 ::=


SEQUENCE (SIZE (1..maxNrofDrxStartOffset)) OF drx-StartOffset
-- TAG-DRX-CONFIG-STOP

-- ASN1STOP

	DRX-Config field descriptions

	drx-HARQ-RTT-TimerDL
Value in number of symbols of the BWP where the transport block was received. drx-HARQ-RTT-TimerDL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerDL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-HARQ-RTT-TimerUL
Value in number of symbols of the BWP where the transport block was transmitted. drx-HARQ-RTT-TimerUL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerUL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-InactivityTimer
Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-StartOffsetList

Indicates a list of one or more drx-StartOffset(s). If this field is present, the field drx-StartOffset and the DRX start offset configured in drx-LongCycleStartOffset shall be ignored.

	drx-RetransmissionTimerDL
Value in number of slot lengths of the BWP where the transport block was received. value sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-RetransmissionTimerUL
Value in number of slot lengths of the BWP where the transport block was transmitted. sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-ShortCycleTimer
Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-SlotOffset
Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.


Annex C: TP for SFN wrap around
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–
DRX-Config
The IE DRX-Config is used to configure DRX related parameters.

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)
}

DRX-ConfigExt-v1700 ::=                 SEQUENCE {

    drx-HARQ-RTT-TimerDL-r17                INTEGER (0..448),

    drx-HARQ-RTT-TimerUL-r17                INTEGER (0..448)

}
DRX-ConfigExt-v1800 ::=




SEQUENXE {


drx-timeReferenceSFN-r18                

ENUMERATED {sfn512}














OPTIONAL
-- Need S
}
-- TAG-DRX-CONFIG-STOP

-- ASN1STOP

	DRX-Config field descriptions

	drx-HARQ-RTT-TimerDL
Value in number of symbols of the BWP where the transport block was received. drx-HARQ-RTT-TimerDL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerDL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-HARQ-RTT-TimerUL
Value in number of symbols of the BWP where the transport block was transmitted. drx-HARQ-RTT-TimerUL-r17 is only applicable for SCS 480 kHz and 960 kHz. If configured, the UE shall ignore drx-HARQ-RTT-TimerUL (without suffix) for SCS 480 kHz and 960 kHz.

	drx-InactivityTimer
Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-LongCycleStartOffset
drx-LongCycle in ms and drx-StartOffset in multiples of 1 ms. If drx-ShortCycle is configured, the value of drx-LongCycle shall be a multiple of the drx-ShortCycle value.

	drx-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on.

	drx-RetransmissionTimerDL
Value in number of slot lengths of the BWP where the transport block was received. value sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-RetransmissionTimerUL
Value in number of slot lengths of the BWP where the transport block was transmitted. sl0 corresponds to 0 slots, sl1 corresponds to 1 slot, sl2 corresponds to 2 slots, and so on.

	drx-ShortCycleTimer
Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.

	drx-SlotOffset
Value in 1/32 ms. Value 0 corresponds to 0 ms, value 1 corresponds to 1/32 ms, value 2 corresponds to 2/32 ms, and so on.

	drx-timeReferenceSFN

Indicates SFN used for determination of the DRX cycle in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, see TS 38.321, clause 5.7. If the field drx-timeReferenceSFN is not present, the reference SFN is 0.
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5.7
Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI and SL Semi-Persistent Scheduling V-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].

NOTE 1:
Void

RRC controls DRX operation by configuring the following parameters:

-
drx-onDurationTimer: the duration at the beginning of a DRX cycle;

-
drx-SlotOffset: the delay before starting the drx-onDurationTimer;

-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;

-
drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX cycle starts;
-
drx-timeReferenceSFN (optional): SFN used for determination of the DRX cycle in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration.
-
drx-ShortCycle (optional): the Short DRX cycle;

-
drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;

-
drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;

-
drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity;

-
drx-RetransmissionTimerSL (per SL HARQ process): the maximum duration until a grant for SL retransmission is received;

-
drx-HARQ-RTT-TimerSL (per SL HARQ process): the minimum duration before an SL retransmission grant is expected by the MAC entity;

-
ps-Wakeup (optional): the configuration to start associated drx-onDurationTimer in case DCP is monitored but not detected;

-
ps-TransmitOtherPeriodicCSI (optional): the configuration to report periodic CSI that is not L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;
-
ps-TransmitPeriodicL1-RSRP (optional): the configuration to transmit periodic CSI that is L1-RSRP on PUCCH during the time duration indicated by drx-onDurationTimer in case DCP is configured but associated drx-onDurationTimer is not started;

-
downlinkHARQ-FeedbackDisabled (optional): the configuration to enable HARQ feedback per DL HARQ process;
-
uplinkHARQ-Mode (optional): the configuration to set HARQmodeA or HARQmodeB per UL HARQ process.
---------------------------------------------------------- skipped text ---------------------------------------------------------------

1>
if the Short DRX cycle is used for a DRX group, consider sequentially that the Nth (N >= 0) DRX short cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-ShortCycle) modulo (10240):

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, consider sequentially that the Nth (N >= 0) DRX long cycle occurs in the subframe for which [(SFN × 10) + subframe number] = (drx-timeReferenceSFN × 10 + drx-StartOffset + N × drx-LongCycle) modulo (10240):

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.

---------------------------------------------------------- skipped text ---------------------------------------------------------------
