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1.	Introduction
In the last meeting, RAN2 discussed solutions to resolve non-integer periodicity related issues, i.e. DRX mismatch and SFN wrap-around, and made agreements as follows. 
	Define DRX cycle based on rational numbers. Inform RAN1/4 about this and ask them to indicate if this causes issues in their specifications. 
Not use broadcast signalling for counter and reference SFN in XR.



In this contribution, we present our views on remaining issues on DRX enhancement for XR.
2.	Discussion
In the last meeting, RAN2 agreed to introduce DRX cycle based on rational numbers to address DRX mismatch issue from the non-integer value of XR traffic periodicity, so RAN2 needs to discuss details to support rational numbers based DRX cycle.
First, whether to support rational numbers for Short DRX cycle needs to be discussed. Short DRX cycle was introduced to ensure both scheduling power saving during short period. The UE starts Short DRX cycle at drx-InactivityTimer expiry and stops Short DRX cycle at short DRX timer expiry. When short DRX timer expires, the UE starts Long DRX cycle. This means that Short DRX cycle is enabled only when frequent scheduling is likely expected for the UE.
In XR, multiple flow can be supported, so scheduling is expected to be frequent in some duration and not to be frequent in other duration. Therefore, UE power can be saved by enabling Short DRX cycle for the duration where scheduling is expected to be frequent and enabling Long DRX cycle in other duration.
Proposal 1. RAN2 supports Short DRX cycle based on rational numbers.

Next, how to implement DRX formula of Short DRX cycle and Long DRX cycle should be determined. For this, RAN2 needs to consider two things, i.e. how to apply rational number to DRX formula and how to address SFN wrap-around issue in DRX formula.
From early discussion of XR power saving, in order to apply rational number to DRX formula, floor function was proposed as follows.
floor{[(SFN × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset:
floor{[(SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor{(drx-StartOffset) modulo (drx-ShortCycle)}:
We think that introducing floor function to DRX formula is a very simple method for supporting rational number in DRX formula. In addition, we don't see any problem on the use of floor function on DRX formula. 
Proposal 2. Adopt floor function to DRX formula
In RAN2#121bis, in order to address SFN wrap-around issue, RAN2 agreed to introduce a new counter and DRX reference SFN. Thus, RAN2 should consider how to apply the new counter and DRX reference SFN in DRX formula.
	To address SFN wrap around, it is proposed to adopt option with a counter in DRX formula that increments at every SFN wrap around and an DRX reference SFN signalled by network. FFS if this is based on H-SFN, E-SFN or a generic counter.



The new counter was introduced to support DRX cycle in hyper frame, so the new counter (e.g. E-SFN) can be easily adopted to DRX formula as follows.
floor{[(E-SFN ×10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle)} = drx-StartOffset:
floor{[(E-SFN ×10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle)} = floor{(drx-StartOffset) modulo (drx-ShortCycle)}:
Proposal 3. Add the new counter to the left hand side of DRX formula.

DRX reference SFN was introduced to address hyper SFN boundary ambiguity issue that can happen when RRCReconfiguration message is re-/transmitted across hyper frame. When the counter is initialized by the network, the initial value of the counter is determined depending on DRX reference SFN. This method is inherited from Rel16 IIOT.
· In the network side,
· If RRCReconfiguration is transmitted firstly between SFN 0 and 512, 
· DRX reference SFN sets to 0. 
· If RRCReconfiguration is transmitted firstly between SFN 512 and 0, 
· DRX reference SFN sets to 512. 
· In the UE side,
· If RRCReconfiguration is received between SFN 0 and 512 and DRX reference SFN is 0,
· the counter = 0
· If RRCReconfiguration is received between SFN 0 and 512 and DRX reference SFN is 512,
· the counter = 1
· If RRCReconfiguration is received between SFN 512 and 0 and DRX reference SFN is 0,
· the counter = 0
· If RRCReconfiguration is received between SFN 512 and 0 and DRX reference SFN is 512,
· the counter = 0
In short, when the UE receives RRCReconfiguration between SFN 512 and 0, if DRX reference SFN is set to 512, the UE initializes the counter to 1, otherwise, the UE initializes the counter to 0. We think this method should be capture along with DRX formula to specify how to initialize the counter.
Proposal 4. Capture how to initialize the counter based on DRX reference SFN along with DRX formula as follows.
· When RRCReconfiguration is received between SFN 512 and 0, 
· if DRX reference SFN is configured with 0, the counter is initialized to 1.
· otherwise, the counter is initialized to 0.

Next, whether to introduce a maximum value for the counter needs to be discussed. Some companies think that limiting the maximum number of the counter introduces another wrap-around issue. So, they argued that the counter should keep increasing on the UE side, and the network should reset the counter before reaching maximum value.
However, without the knowledge of maximum number, it is unclear for UE how many bits are needed to store the counter. Note that the UE has to store the counter in a state variable, and the size of state variable should be fixed. 
According to [1], the packet arrival rate for XR frames are evaluated as 30/60/90/120 fps. If the maximum value of the counter is set to 99, the counter is wrap-around at 1024000ms, and all of fps cases are covered without wrap-around issue. There may be a concern that 99 may not enough in future release, but we believe that a sufficiently large maximum number, e.g. 999, does not bring wrap-around issue in future release.
Thus, we propose that maximum value of the counter is fixed in the specification, taking into account a sufficiently large maximum number.
Proposal 5. Maximum value of the counter is fixed in the specification, taking into account a sufficiently large maximum number.

3.	Conclusion
In this document, we present our view on power saving in XR, and made proposals as follows. 
Proposal 1. RAN2 supports Short DRX cycle based on rational numbers.
Proposal 2. Adopt floor function to DRX formula
Proposal 3. Add the new counter to the left hand side of DRX formula.
Proposal 4. Capture how to initialize the counter based on DRX reference SFN along with DRX formula as follows.
· When RRCReconfiguration is received between SFN 512 and 0, 
· if DRX reference SFN is configured with 0, the counter is initialized to 1.
· otherwise, the counter is initialized to 0.
Proposal 5. Maximum value of the counter is fixed in the specification, taking into account a sufficiently large maximum number.
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