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1 Introduction
In last RAN2 meeting, RAN2 has reached the following agreements for XR power saving scheme:
	· Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for XR DRX.

· Companies should evaluate the (high-level) impacts to RAN1/4 specification from their proposals for XR DRX.

· Companies should try to coordinate with each other offline and bring joint proposals to next meeting. RAN2 aims to exclude proposals with least support in the next meeting.
· Companies should evaluate the RAN2 specification impacts and any other RAN2 aspects of their proposals for SFN wrap-around.

· Same as for DRX solutions, companies should try to coordinate with each other offline and bring joint proposals to next meeting. RAN2 aims to exclude proposals with least support in the next meeting.


In this contribution, we will compare the solutions on the table, and share our views for the solutions of non-integer periodicity and SFN wrapped around. 
2 Discussion

Issue 1: non-integer XR periodicity
The frame rate of 120fps/90fps/60fps results in the periodicity of XR traffic as 8.3333/11.111/16.6666ms, respectively, which are not supported by the existing DRX cycle values. However, some integer periodicity can be observed, e.g., 3 frame per 50ms for 60fps, 9 frames per 100ms for 90fps, and 3 frame per 25ms for 120fps. Thus, to align such periodicity, the enhanced DRX scheme should follow the periodicity of 50ms/100ms/25ms. Several proposals are targeting to follow this principle. The difference mainly lies in how to realize the required number of cycles in 50ms/100ms/25ms:

· Multiple start offsets:  DRX cycle =50ms/100ms/25ms, and multiple start cycles are configured for each cycle. In this method, for different frame rate, the number of configured DRX cycles can be 3/9/3, respectively

· Non-uniform DRX cycles: multiple DRX cycles are configured, so that the number of DRX cycles can be 3/9/3, respectively

· Multiple DRX configurations: multiple DRX configurations with different start offset 

All the above solutions require the multiple configurations towards UE. To realize the above solution, another simple method is to define a super cycle (=50ms/100ms/25ms), and then apply (or follow) the current DRX operation inside such super cycle. The following figure 1 shows an example for 60fps frame rate. Specifically, the SFN*10+Subframe in legacy DRX formula is processed by the operation of modulo towards 50ms first. After that, the start of on duration timer is calculated as the legacy DRX formula. With the above changes, inside a super cycle, three cycles, i.e., 17ms, 17ms, and 16ms, can be autonomously generated. The cycle of 16ms is generated because of the 51st subframe corresponds to the 1st  subframe after modulo of 50. 
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Fig. 1 Example of Super cycle + short/long DRX cycle
Similarly, the following table gives the setting example of the DRX parameters for the solution of “super cycle + short/long DRX cycle”.
	
	Super cycle 
	Short/long DRX cycle
	DRX offset 

	60fps (3 frames per 50ms)
	50ms
	17ms
	1ms

	90fps (9 frames per 100ms)
	100ms
	11ms
	1ms

	120fps (3 frames per 25ms)
	25ms
	8ms
	1ms


The above solution can be named as “super cycle + short/long DRX cycle”, and the impact to the DRX formula is given as below:
	RRC spec.:

· Configure the super cycle to the UE

MAC spec.: 

1>
if the Short DRX cycle is used for a DRX group, and{ [(SFN × 10) + subframe number] modulo (SuperCycle) }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.


Apparently, the “super cycle + short/long DRX cycle” can achieve the similar purpose of the above solutions, e.g., “multiple start offsets”, “Non-uniform DRX cycles”, and “Multiple DRX configurations”, with less specification impact. 
Observation: the solution of “super cycle + short/long DRX cycle” can realize some solutions (e.g., “multiple start offsets”, “Non-uniform DRX cycles”, and “Multiple DRX configurations”) with the smallest specification impact. 
To further compare different solutions, the following tables list all the solutions on the table, which can be divided into three categories:
· Category 1: Modulo-based DRX formula 
In this category, all solutions aims at generating the DRX cycle based on the legacy modulo-based DRX formula. The difference lies in the impact to DRX formula and the new configured values/parameters (the details are given in the Annex 1). Among the solutions on the table, we can observe some solutions with small specification impact, e.g., super cycle + short/long DRX cycle, multiple start offset, etc. Before determining the final solution, this category can be kept on the table. 
· Category 2: Non-modulo-based DRX formula
This category aims at achieve the frame level alignment via new operation to DRX formula e.g., by adding the operation of floor or ceiling. The main concern of this solution is the resultant rounding errors. Moreover, if gNB and UE side have different realization of “floor”/”ceiling” operation, the inconsistence between gNB and UE will result in mismatch of DRX on/off duration. Thus, we suggest to deprioritize this solution. 
· Category 3: Dynamic signaling 

The dynamic signaling (e.g., DCI, MAC CE) brings the flexibility. However, it increases the complexity and signaling overhead. Moreover, it may cause impact to RAN1 if DCI is used.  Given the periodicity of XR traffic is semi-static, it is unnecessary to use a dynamic solution. Moreover, the WID indicates that RAN1 will not be involved in power saving discussion. Thus, we suggest to remove this category from the list. 
Proposal 1: RAN2 is kindly asked to consider the solution defined in the category 1, i.e., Modulo-based DRX formula.
Among solutions in Category 1, majority solutions require to configure the integer periodicity to the UE, e.g., 

· Super cycle + short/long DRX cycle: configure the super cycle as 50ms/100ms/25ms

· Multiple start offsets/multiple DRX configurations: the DRX cycle is configured as 50ms/100ms/25ms

Thus, when determining the solution in category 1, RAN2 can discuss whether the integer periodicity of XR traffic, e.g., 50ms/100ms/25ms, is needed for the UE.

Proposal 2: RAN2 is kindly asked to discuss whether the integer periodicity of XR traffic, i.e., 50ms, 100ms, 25ms, is needed to the UE.  

	Category
	Solution 
	Description 
	RAN2 impact 
	Pros.&Cons.

	1. Modulo-based DRX formula
	Super cycle + short/long DRX cycle
	The DRX formula is used after the modulo operation is applied based on Super cycle
	Configure super cycle to UE, and add modulo operation towards super cycle
	Pros.: small signaling overhead, no impact to RAN1/RAN4
Cons.: some complexity to DRX formula

	
	Multiple DRX configurations
	Configure multiple DRX configurations with different drx-startoffsets which are applied simultaneously
	Configure multiple DRX cycles with different start offset 
	Pros.: reuse legacy DRX formula
Cons.: multiple DRX configurations. UE complexity since the UE needs maintain multiple DRXs. 

	
	Multiple start offsets within one DRX cycle
	One DRX cycle is configured with multiple start offsets, and the starting point of each On duration is calculated by considering each start offsets 
	each start offset is used to calculate the starting position of On duration via the legacy formula
	Pros.: reuse legacy DRX formula
Cons.: configuring multiple DRX offsets

	
	Non-uniform DRX cycles
	Multiple DRX cycles are configured, and those cycles are switched for calculation 
	introduce DRX cycle pattern, and the DRX formula is updated to switch among DRX cycles
	Pros.: No impact to RAN1/4
Cons.: large impact to DRX formula. May have RAN1/RAN4 impact

	
	Time offset 
	A time offset is added after a number of DRX cycle
	Need count number of DRX cycles, and add an offset after some DRX cycles. 


	Pros.: No impact to RAN1/RAN4
Cons.: large impact to the DRX formula and the UE implementation becomes complex since the UE needs maintain a counter (e.g., n). 

	2. Non-modulo-based DRX formula
	Non-integer DRX cycle with floor operation 
	Introduce non-integer DRX cycle, e.g., 8.33 for 120fps, 11.11 for 90fps, 16.67 for 60 fps, and use floor operation to calculate starting position of On duration
	Add non-integer DRX cycle, and add floor operation to DRX formula
	Pros.:  align the XR periodicity well
Cons.: floor operation causes rounding errors. Misalignment between gNB and UE side

	
	Cadence instead of periodicity of XR traffic
	A new parameter, which takes the same integer values as cadences of XR traffic (e.g. 30, 60, 90 frame per sec, etc). This new parameter, instead of legacy DRX cycles (i.e. drx-ShortCycle and drx-LongCycle), is used to determine the start time of DRX on durations
	Add cadence and ceiling operation to DRX formula


	Pros.: forward compatible 

Cons.: ceiling operation cause rounding errors, and large impact to DRX formula

	3. Dynamic signaling
	Dynamic adjust DRX configuration
	Dynamic signaling can be used for adjustment of DRX start offset/duration such as DCI or MAC CE. In this solution, additional dynamic signaling is needed for adjusting the DRX parameters, such as the onduration timer, offest, etc.
	DRX adjustment based on dynamic signaling 
	Pros.: flexible

Cons.: large impact to specification, and signaling overhead due dynamic signaling


Issue 2: SFN wrapped around
Due to the periodicity of XR traffic, the SFN wrap-around may result in periodicity mismatch between XR traffic and DRX cycle. The following table lists the candidate solutions on the table. Among those solutions, the first three have the small specification impact. Thus, we prefer to exclude the fourth solution first.  On the other hand, for the third one, if the dynamic signaling is needed, we need follow the guidance from WID, i.e., RAN1 impact is not involved.
	Solution 
	Description 
	RAN2 impact 
	Pros.&Cons.

	New state variable 
	Replace SFN in DRX formula by new state variable SFN_M and SFN_M is updated as SFN_M=(SFN_M + 1) mod M, where M=1000
	Update DRX formula by SFN_M and introduce SFN_M update formula
	Pros.: applicable for solutions for non-integer periodicity

Cons.: relative large specification impact

	Hyper-SFN
	Add Hyper-SFN in DRX formula
	Configure hyper-SFN, and update DRX formula by adding hyper-SFN
	Pros.: simple, and less specification impact
Cons.: may cause mismatch if the RRC message for hyper-SFN is retransmitted at the boundary of hyper-SFN update

	RRC pre-configured pattern or dynamic signaling 
	Use RRC or dynamical signaling to adjust the offset before or immediately after SFN wraparound
	RRC preconfigured pattern or dynamic signaling 
	Pros.: flexible 
Cons.: signal overhead due to dynamic signaling

	Reuse Rel-16 CG solution 
	Use a reference SFN indicator and a sequential variable N to calculate starting position of On duration timer
	Configure reference SFN, and DRX formula impact is updated by introducing the reference SFN and sequential variable N
	Pros.: an existing scheme

Cons.: large impact to DRX formula


Proposal 3: RAN2 is kindly asked to deprioritize the solution of “reuse Rel-16 CG solution” for SFN wrap-around issue. 

Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:

Proposal 1: RAN2 is kindly asked to consider the solution defined in the category 1, i.e., Modulo-based DRX formula.
Proposal 2: RAN2 is kindly asked to discuss whether the integer periodicity of XR traffic, i.e., 50ms, 100ms, 25ms, is needed to the UE. 
Proposal 3: RAN2 is kindly asked to deprioritize the solution of “reuse Rel-16 CG solution” for SFN wrap-around issue.

Annex-1 Specification impact of different solutions for non-integer periodicity

· Super cycle + short/long DRX cycle
	RRC spec.:

· Configure super cycle, i.e., 50ms for 60fps, 100ms for 90fps, and 25ms for 120fps, to the UE

MAC spec.:
1>
if the Short DRX cycle is used for a DRX group, and{ [(SFN × 10) + subframe number] modulo (SuperCycle) }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.


· Multiple start offsets within one DRX cycle

	Alt.1

(R2-2300118)
	RRC spec.:

· A list of drx-StartOffset + new values of DRX cycle, e.g., 50ms/100ms/25ms
MAC spec.:
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.

	Alt. 2

(R2-2300188)
	RRC spec.:

· A list of drx-StartOffset + new values of DRX cycle, e.g., 50ms/100ms/25ms
MAC spec.:
1>
if the Short DRX cycle is used for a DRX group, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = (drx-StartOffset(i)) modulo (drx-ShortCycle) for any i:

2>
start drx-onDurationTimer for this DRX group after drx-SlotOffset(i) from the beginning of the subframe.


· Time offset

	RRC spec.:

· Configure two parameters: traffic_time_offset & drx_offset (number of cycles after which the new shift traffic_time_offset is added)
MAC spec.:
· 1> if the Long DRX cycle is used for a DRX group, and [SFN × 10 + subframe number] modulo (drx-LongCycle) = (drx-StartOffset + n × traffic_time_offset) modulo (drx-LongCycle)


· Cadence instead of periodicity of XR traffic
	RRC spec.:

· Configure cadences of XR traffic (e.g., 30, 60, 90 fps)

MAC spec.:
1> if the Short DRX cycle is used for a DRX group and n = [(SFN × 10) + subframe number] and ceiling(n × drx-ShortCadence /1000) +1 = ceiling [(n+1) × drx-ShortCadence/1000]:

2> start drx-onDurationTimer for this DRX group after drx-SlotOffset from the beginning of the subframe n + drx-StartOffset.


· Non-integer DRX cycle

	Alt.1

(R2-2300188)
	RRC spec.:

· Non-integer values for DRX cycle
MAC spec.:
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.

	Alt. 2

(R2-2300226)
	RRC spec.:

· Non-integer values for DRX cycle
MAC spec.:
floor [n – [drx-LongCycle × floor (n / drx-LongCycle) ] ] = drx-StartOffset




where n = [(SFN × 10) + subframe number]
floor [n – [drx-ShortCycle × floor (n / drx-ShortCycle) ] ] = 

floor [drx-StartOffset – [drx-ShortCycle × floor (drx-StartOffset / drx-ShortCycle) ] ]


where n = [(SFN × 10) + subframe number]

	Alt.3

(R2-2300565)
	RRC spec.:

· Non-integer values for DRX cycle
MAC spec.:
[(SFN×10) +subframe number] =ceil[SFNstarttime ×10 + subframestarttime +N×(drx-periodicity)] modulo 10240
Wherein the SFNstarttime and subframestarttime are the SFN and Subframe of the first C-DRX on-duration start occasion, drx-periodicity is non-integer C-DRX cycle, and  is 0 or a positive integer.  


Annex-2 Specification impact of different solutions for SFN wrapped around

· New state variable

	1>
if the Short DRX cycle is used for a DRX group, and [(SFN_M × 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.

3> SFN_M = (SFN_M + 1) modulo M if SFN=0, where M=1000


· Hyper-SFN
	[(10240 × H-SFN) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
[(10240 × H-SFN) + (SFN × 10) + subframe number] modulo (drx-ShortCycle)} = (drx-StartOffset) modulo (drx-ShortCycle):


· Reuse Rel-16 CG solution
	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:


Super cycle = 50ms
Short DRX cycle = 17ms
Short DRX cycle = 17ms
16ms
1ms
17.66ms
35.33ms



