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1 Introduction
SFN wrap around has been acknowledged as an issue that needs to be resolved for supporting non-integer DRX cycles for XR in previous RAN2 meetings.
In the RAN2#121bis-e meeting, the following agreement was reached [1]:
	· 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 this contribution, we discuss further considerations for the SFN wrap around solution.
2 Discussion
To resolve the SFN wrap around issue, as discussed in the previous contribution [2], a new counter (e.g., E-SFN) can be introduced in the C-DRX formulas to determine the subframe to start the drx-onDurationTimer as in the example TP for TS 38.321 below:
	1>	if the Short DRX cycle is used for a DRX group, and [(E-SFN × 10240) + (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 [(E-SFN × 10240) + (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.



This method involves relatively small changes to the MAC spec and is well aligned with the existing DRX mechanism. We therefore propose to adopt the changes above for the DRX formulas.
[bookmark: OLE_LINK42]Proposal 1: Adopt the following enhanced long and short DRX formula by introducing E-SFN:
· Long DRX: [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset
· Short DRX: [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)
We note that there are mainly two options for introducing the new counter:
· Option 1: The counter value could be broadcast by the network in system information (as with the legacy SFN)
· Option 2: The counter value could be maintained independently by the UE and the network and initialized via dedicated RRC signalling
With Option 1, the E-SFN value could be broadcast by the network in system information, for example in SIB1. This would require minimal impact on the MAC specification. The TP above could be adopted in the MAC spec as is. The UE would not need to keep incrementing the E-SFN counter itself, it could just read it from the system information. However, this option would have a small overhead on the system information. For example, if the maximum value of E-SFN is 999 (i.e., E-SFN range 0-999), a new 10-bit field would be required in system information. With this option, there is no need for a reference SFN, because both the E-SFN and SFN would be broadcast in the system information (e.g., MIB & SIB1).  The UE can determine the SFN value corresponding to the acquired E-SFN value non-ambiguously. There is no ambiguity about when the SI with the E-SFN was transmitted by the network because this can be linked to the SI window corresponding to the SI that carries the E-SFN.
[bookmark: OLE_LINK43]Observation 1: The option of broadcasting E-SFN in system information has small MAC specification impact and would not require a reference SFN but has a small overhead impact in system information (e.g., extra 10 bits in SIB1).
With Option 2, the initial value of the E-SFN at a specific time (for a specific SFN) must be known by the UE and the network. To achieve this, a reference SFN (SFN_ref) could be indicated to the UE via dedicated RRC signalling (following a similar mechanism as in Rel-16 IIoT). When the UE processes the RRC message with the DRX configuration, it sets the initial value of the E-SFN based on SFN_ref and the SFN at the UE when the reference SFN is received (SFN_UE). This helps to avoid ambiguity in initializing the E-SFN value for situations where the RRC message is sent by the network just before the SFN wrap around and is received by the UE after the SFN wrap around because of HARQ/ARQ retransmissions. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK36]For example, when the network sends the RRC message for DRX configuration at SFN between 512-1023, the network can set SFN_ref to 512. When the UE receives the RRC message successfully, it checks the current SFN (SFN_UE). If SFN_UE is between 512-1023 (512 ≤ SFN_UE < 1023), the UE initializes the E-SFN counter to 0 (there were no HARQ/ARQ retransmissions for the RRC message). Otherwise, the UE initializes the E-SFN to 1 (RRC message was received late by the UE, and the E-SFN has been incremented since).
When the network sends the RRC message for DRX configuration at SFN between 0-511, the network can set SFN_ref to 0 (or not present). When the UE receives the RRC message successfully, it initializes the E-SFN counter to 0 regardless of the SFN_UE (because retransmissions for the RRC message are not expected to cross SFN wrap around boundary).
Option 2 would have slightly more impact on the specifications, because the rules for initializing the E-SFN value based on the reference SFN and UE SFN must be specified, as well as incrementing the E-SFN at every SFN wrap around.
[bookmark: OLE_LINK44]Observation 2: The option of maintaining the E-SFN independently on the UE and the network has slightly more MAC specification impact and would require a reference SFN but it has less signalling overhead.
The two options are summarized in Table 1 below.
	
	MAC spec impact
	Overhead in SI
	Initialization on the UE

	Broadcast E-SFN
	Very small
	Small (e.g., 10 bits)
	[bookmark: OLE_LINK19]Not required

	Maintain E-SFN independently on the UE and network
	Small
	None
	Reference SFN required


[bookmark: _Ref133929609]Table 1 Comparison of options to broadcast E-SFN vs maintain E-SFN independently

[bookmark: OLE_LINK45]Proposal 2: RAN2 to discuss and select one of the following options:
· Option 1: E-SFN is broadcast by the network
· Option 2: E-SFN is maintained independently by the UE and the network
If option 1 is selected, the E-SFN value should be broadcast in system information. Which SIB to broadcast E-SFN (e.g., SIB1) and the size of the E-SFN field can be further discussed in RAN2.
[bookmark: OLE_LINK46]Proposal 3a: If option 1 in P2 is selected:
· Network broadcasts the E-SFN in system information (FFS which SIB, e.g., SIB1).
· FFS the size of the E-SFN field in system information (e.g., 10 bits).
[bookmark: OLE_LINK29][bookmark: OLE_LINK24]If option 2 is selected, the UE should increment the E-SFN every time SFN wraps around. For the reference SFN, the Rel-16 IIoT mechanism can be re-used: Network provides the reference SFN, SFN_ref, in binary value (i.e., either 0 or 512) via dedicated RRC signalling, in the RRC configuration for DRX.
[bookmark: OLE_LINK30][bookmark: OLE_LINK47][bookmark: OLE_LINK25]Proposal 3b: If option 2 in P2 is selected:
· [bookmark: OLE_LINK31][bookmark: OLE_LINK51]Network provides the reference SFN, SFN_ref, in binary value (i.e., either 0 or 512), as in Rel-16 IIoT via dedicated RRC signalling (in RRC configuration for DRX).
· If the UE successfully receives RRC configuration for DRX at SFN_UE:
· [bookmark: OLE_LINK37]If SFN_ref=0 (or not present):
· UE initializes the counter E-SFN to 0.
· If SFN_ref=512:
· If 0 ≤ SFN_UE < 512, UE initializes the counter E-SFN to 1
· Otherwise, UE initializes the counter E-SFN to 0.
· UE increments the counter E-SFN by 1 when SFN wraps around 1023 to 0.

As another discussion point, RAN2 should discuss whether the E-SFN has a maximum value that is known by the UE and the network or the E-SFN does not have a maximum value (effectively, it is up to the implementation to make sure that the storage for the counter is sufficiently large so that it will not cause any overflow issues). Selecting an appropriate maximum value for the E-SFN counter ensures perfect alignment of DRX cycles at the E-SFN wrap around, as illustrated in Figure 1 below. The maximum value for the new counter (M) can be selected such that, at the wrap-around of the new counter, the DRX cycles will not overlap, i.e., [10240 × (M+1)] / DRX_Cycle yields an integer value. The maximum value could be decided by the network and indicated to the UE via RRC signalling, for example in the DRX configuration.

[image: ]
[bookmark: _Ref133930262]Figure 1 DRX cycles at E-SFN wrap around (for DRX cycle = 50/3 ms and maximum E-SFN value = 9)

The shared knowledge of the maximum value for E-SFN on the UE and the network can be beneficial, as there would be no ambiguity with respect to the storage size for the E-SFN counter (for example, whether a 16, 32, or 64-bit variable should be used) and this can improve the reliability and inter-operability of different spec implementations. The maximum value can be selected by the network such that the DRX cycles corresponding to all known XR frame rates can be supported, for example M=999. Alternatively, the maximum value can be fixed in the specifications and the exact value can be further discussed in RAN2.
[bookmark: OLE_LINK49][bookmark: OLE_LINK48]Observation 3: Shared knowledge of the maximum value of E-SFN by the UE and the network can improve the reliability and inter-operability of different spec implementations.
We propose RAN2 to discuss and select one of the alternatives considering pros and cons.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Proposal 4: RAN2 to discuss and select one of the following options:
· [bookmark: OLE_LINK28]Option A: The maximum value of the E-SFN counter is decided by the network and indicated to the UE via RRC signalling (e.g., in DRX configuration)
· Option B: The maximum value of the E-SFN counter is fixed in the specifications (FFS what the value is, e.g., 999)
· [bookmark: OLE_LINK50]Option C: There is no maximum value specified for the E-SFN counter (the counter runs to infinity)

3 Conclusion
In this contribution, we discuss the solution for the SFN wrap-around issue, and have the following observations and proposals:
Proposal 1: Adopt the following enhanced long and short DRX formula by introducing E-SFN:
· Long DRX: [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset
· Short DRX: [(E-SFN × 10240) + (SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle)

Observation 1: The option of broadcasting E-SFN in system information has small MAC specification impact and would not require a reference SFN but has a small overhead impact in system information (e.g., extra 10 bits in SIB1).
Observation 2: The option of maintaining the E-SFN independently on the UE and the network has slightly more MAC specification impact and would require a reference SFN but it has less signalling overhead.
Proposal 2: RAN2 to discuss and select one of the following options:
· Option 1: E-SFN is broadcast by the network
· Option 2: E-SFN is maintained independently by the UE and the network
Proposal 3a: If option 1 in P2 is selected:
· Network broadcasts the E-SFN in system information (FFS which SIB, e.g., SIB1).
· FFS the size of the E-SFN field in system information (e.g., 10 bits).
Proposal 3b: If option 2 in P2 is selected:
· Network provides the reference SFN, SFN_ref, in binary value (i.e., either 0 or 512), as in Rel-16 IIoT via dedicated RRC signalling (in RRC configuration for DRX).
· If the UE successfully receives RRC configuration for DRX at SFN_UE:
· If SFN_ref=0 (or not present):
· UE initializes the counter E-SFN to 0.
· If SFN_ref=512:
· If 0 ≤ SFN_UE < 512, UE initializes the counter E-SFN to 1
· Otherwise, UE initializes the counter E-SFN to 0.
· UE increments the counter E-SFN by 1 when SFN wraps around 1023 to 0.

Observation 3: Shared knowledge of the maximum value of E-SFN by the UE and the network can improve the reliability and inter-operability of different spec implementations.
Proposal 4: RAN2 to discuss and select one of the following options:
· Option A: The maximum value of the E-SFN counter is decided by the network and indicated to the UE via RRC signalling (e.g., in DRX configuration)
· Option B: The maximum value of the E-SFN counter is fixed in the specifications (FFS what the value is, e.g., 999)
· Option C: There is no maximum value specified for the E-SFN counter (the counter runs to infinity)
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