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1 Introduction
In RAN2 #122 meeting, how to resolve the mismatch between DRX cycle and XR traffic periodicity was widely discussed, and the following agreement was captured. 
	Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications.


However, whether the rational DRX cycles are applicable to both short and long DRX cycle or only one of them are not determined. And the preference of rational DRX cycle can also be considered. Therefore, the paper aims to discuss the remaining issues regarding the XR-specific power saving and give some suggestions.  
2 Discussion
1) DRX cycle with rational number
In XR, multiple flows are supported and the scheduling may be frequent in some duration. In some cases, XR traffic may have low latency requirement, and a short DRX cycle is more suitable to reduce latency. Additionally, the short DRX cycle is optional in the current spec and the operator can choose whether to configure short DRX cycle according to the traffic pattern. Therefore, it is better to support the short DRX cycle in rational numbers to better support the XR traffic. 
Proposal 1: Short DRX cycle with rational number for XR traffic should be supported. 
In case there is no XR traffic for a long duration, long DRX cycle can be configured to reduce the power consumption. Furthermore, per current spec, long DRX cycle is mandatory and the length of long DRX cycle is multiple of the short DRX cycle length. To reduce power consumption, long DRX cycle with rational number should be supported. To reduce the spec impact, the value of long DRX cycle with rational number shall also be integer multiple of short DRX cycle value. 
Proposal 2: Long DRX cycle with rational number should be supported and the value of long DRX cycle shall be an integer multiple of short DRX cycle value. 
2) DRX formula
To support the configuration of short/long DRX cycle with rational numbers, the following two options can be considered. 
Opt 1: DRX cycle is expressed as a rational number of numerator and denominator. 
Generally, a rational number can be expressed as a fraction number with numerator and denominator as integer values. It is straightforward to express the non-integer DRX cycle as a fraction number with two integers. For instance, to support the traffic with a periodicity of 60 fps, the DRX cycle can be configured with numerator as 50 and denominator as 3, i.e. 50/3ms. In TR38.838, the frame rates {30, 60, 90, 120} fps are evaluated. To support it, the DRX cycle can be configured as 100/3, 50/3, 100/9, 25/3ms, expressed by a structure as below:
{  numerator     ENUMERATED {25, 50,100}
denominator    ENUMERATED {3,9…}}
In this way, different combinations of numerator and denominator can describe different values, such as 25/3ms, 50/9ms etc. 
Opt 2: DRX cycles with rational numbers can be expressed in a choice structure or enumerated.
Per TS38.331, long DRX cycle value and drx-StartOffset can be expressed by drx-LongCycleStartOffset in a choice structure, as shown below. During the study of traffic modelling in SA4 and RAN1, only several possible frame rates of XR traffic are considered. For instance, for frame rates 30, 60, 90 and 120 fps, the corresponding DRX cycle are 100/3ms, 50/3ms, 100/9ms and 50/6ms. Therefore, it is straightforward to express the long DRX cycle with rational numbers in the same way, which is highlighted in yellow below. For simplify, the rational number can be enumerated for short DRX cycle, as shown below in green. 
    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),……
    },
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,……},
    
drx-LongCycleStartOffset-XR-r18        CHOICE {
        ms100/3                               INTEGER(0..33),
        ms50/3                                INTEGER(0..16),
        ms100/9                               INTEGER(0..11),
        ms25/3                                INTEGER(0..8),
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms10/3, ms25/3,……},
    },

Compared to option 1, option 2 has less spec impact as it has similar structure to the current spec. In addition, the signalling overhead of option 2 is much smaller than option 1. Therefore, option 2 is preferable for DRX cycle with rational number. 
Proposal 3: To reduce spec impact, long DRX cycle with rational number is expressed in a choice structure, and the short DRX cycle with rational number is enumerated. 
3) DRX preference in UEAssistanceInformation
Currently, for RRC connected UE, the network can configure the UE to provide its preference on DRX parameters for power saving. If it is configured, the UE can provide its preference on DRX parameters via UEAssistanceInformation message, as shown below.
DRX-Preference-r16 ::=              SEQUENCE {                                           
    preferredDRX-LongCycle-r16          ENUMERATED {
                                            ms10, ms20, ms32, ms40, ms60, ms64, ms70, ms80, ms128, ms160, ms256, ms320, ms512……} OPTIONAL,
    preferredDRX-ShortCycle-r16         ENUMERATED {
                                            ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32……} OPTIONAL,
}
When UE is capable of DRX cycle with rational numbers, it can also send its preference on non-integer DRX cycle parameters to the network via UEAssistanceInformation to save the power consumption, as shown below in yellow. 
DRX-Preference-r18 ::=              SEQUENCE {      
preferredDRX-LongCycle-r18          ENUMERATED {
                                            ms50/3, ms100/3……} OPTIONAL,
    preferredDRX-ShortCycle-r18         ENUMERATED {
                                            ms10/3, ms25/9……} OPTIONAL,
}
Proposal 4: UE can provide its preference on DRX cycles in rational numbers to the network via UEAssistanceInformation.
3 	Conclusions
Based on the above analysis, we have the following proposals:
Proposal 1: Short DRX cycle with rational number for XR traffic should be supported. 
Proposal 2: Long DRX cycle with rational number should be supported and the value of long DRX cycle shall be an integer multiple of short DRX cycle value. 
Proposal 3: To reduce spec impact, long DRX cycle with rational number is expressed in a choice structure, and the short DRX cycle with rational number is enumerated. 
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