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1. Introduction
In RAN2#121bis-e meeting, agreements [1] on DRX enhancement were made as below: 
	· 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.


In RAN2#122 meeting, agreements [2] on DRX enhancement were made as below: 
	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 RAN2#123 meeting, agreements [3] on DRX enhancement were made as below: 
	The maximum value of the counter (NSFN) is 2^16 - 1 = 65535. 
8. Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
9. Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0. 


In this contribution, we will provide our views on the remaining issues of non-integer DRX cycles and SFN wrap-around for XR.
2. Discussion
2.1 Non-integer DRX cycles.
In RAN2#122 meeting, it was agreed that DRX cycles with rational numbers were introduced to resolve the issue of non-integer XR periodicity. Since the values of DRX cycle (i.e., 1000 / fps) should be aligned with the frame rates of XR traffic, and the set of frame rates that need to be supported should be determined by SA2/4, it’s beneficial for RAN2 to send an LS to SA2/4 to obtain the set of frame rates.
Proposal 1: RAN2 kindly sends an LS to SA2/4 to obtain the set of frame rates that need to be supported.

In RAN2#123 meeting, it was agreed that both counter NSFN and drx-ReferenceSFN were added to the DRX formula.
	9. Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0.


As we can see, the DRX formulas need to be enhanced to support both integer and non-integer DRX cycles, and we think the following formulas can be considered to address the non-integer XR periodicity issue.
For long DRX cycle,
floor ([(NSFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle)) = floor ((drx-ReferenceSFN × 10 + drx-StartOffset) modulo (drx-LongCycle))
For short DRX cycle,
floor ([(NSFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle)) = floor ((drx-ReferenceSFN × 10 + drx-StartOffset) modulo (drx-ShortCycle))
In addition, it may depend on the implementation of UE to ensure that the modulo operation on rational number has no rounding error, for example, based on equivalence A modulo B = A – [ B × floor (A / B) ].
Proposal 2: New DRX formulas described above can be considered to support the non-integer DRX cycles. 

2.2 SFN wraparound issue
To solve the SFN wraparound issue, it was agreed in RAN2#123 meeting that drx-ReferenceSFN with value 0 or 512 is introduced and the initial value of counter (NSFN) is initialized to 0.
	The maximum value of the counter (NSFN) is 2^16 - 1 = 65535. 
8. Network sets DRX reference SFN (drx-ReferenceSFN) to either 0 or 512, in the same way as in Rel-16 IIoT.
9. Use the following option (option A): both the counter NSFN and the DRX reference SFN drx-ReferenceSFN are added to the DRX formula. NSFN is initialized to 0.


However, a potential hyper SFN boundary ambiguity between the network and UE exists when RRC signalling with drx-ReferenceSFN is (re-)transmitted across hyper frames. For example, if the network sends an RRC signalling in hyper frame n, and due to HARQ/ARQ retransmission, UE successfully receives the RRC signalling in the hyper frame n+1, then the network shall consider H-SFN n as counter NSFN = 0, while UE shall consider H-SFN n+1 as counter NSFN = 0, which would further lead to a different understanding of start occasions of on Duration.
Observation 1: Hyper SFN boundary ambiguity between the network and UE may exist when RRC signalling with drx-ReferenceSFN is (re-)transmitted across hyper frames.

With regard to the potential hyper SFN boundary ambiguity issue, which will lead to a different understanding of NSFN = 0, it could be simply solved by initializing the corresponding hyper frame of reference SFN (indicated by drx-ReferenceSFN) as NSFN = 0. And the following TP can be adopted in TS 38.321.
	· drx-ReferenceSFN: SFN used for the determination of the reference hyper frame in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, and considers the corresponding hyper frame of the SFN as counter NSFN = 0.


As illustrated in Figure 1 below, there are 3 potential cases (in [4]) when RRC signalling with drx-ReferenceSFN is transmitted.
· Case 1: The gNB sends the RRC signalling during the first half of the hyper frame. The UE receives the signalling during the same hyper frame.
· Case 2: The gNB sends the RRC signalling during the second half of the hyper frame. The UE receives the signalling during the same hyper frame.
· Case 3: The gNB sends the RRC signalling during the second half of the hyper frame. The UE receives the signalling during the first half of the next hyper frame.
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Figure 1: Determination of reference SFN and the corresponding hyper frame (NSFN = 0) 
As we can see, regardless of the cases and the values of drx-ReferenceSFN, the reference SFN is always in the hyper frame with NSFN = 0, so UE can simply initialize the corresponding hyper frame of the reference SFN as NSFN = 0 when the RRC signalling with drx-ReferenceSFN is (re-)configured. For case 3, after determination of reference SFN and NSFN = 0, UE could know that the RRC signalling is received in hyper frame with NSFN = 1.
Proposal 3: To solve the hyper SFN boundary ambiguity issue, the corresponding hyper frame of the reference SFN is initialized to NSFN = 0 when RRC signalling with drx-ReferenceSFN is (re-)configured. And the TP below can be adopted in TS 38.321.
	· drx-ReferenceSFN: SFN used for the determination of the reference hyper frame in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, and considers the corresponding hyper frame of the SFN as counter NSFN = 0.



Summary
[bookmark: OLE_LINK3]This contribution provided our analysis on the remaining issues of non-integer DRX cycles and SFN wrap-around, and has the following proposals:

Proposal 1: RAN2 kindly sends an LS to SA2/4 to obtain the set of frame rates that need to be supported.
Proposal 2: New DRX formulas described above can be considered to support the non-integer DRX cycles. 

Observation 1: Hyper SFN boundary ambiguity between the network and UE may exist when RRC signalling with drx-ReferenceSFN is (re-)transmitted across hyper frames.
Proposal 3: To solve the hyper SFN boundary ambiguity issue, the corresponding hyper frame of the reference SFN is initialized to NSFN = 0 when RRC signalling with drx-ReferenceSFN is (re-)configured. And the TP below can be adopted in TS 38.321.
	· drx-ReferenceSFN: SFN used for the determination of the reference hyper frame in time domain. The UE uses the closest SFN with the indicated number preceding the reception of the DRX configuration, and considers the corresponding hyper frame of the SFN as counter NSFN = 0.
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