[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #108 	R4-2311721
Toulouse, France, May 21 – 25, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	LS on new DRX cycles in rational numbers (R2-2306564)
Agenda item:	10.1.1
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
RAN2 discussed the methods and approaches to align the DRX cycles to XR traffic periodicity. As an outcome of this discussion, RAN2 agreed to introduce new DRX cycles. Most XR traffic periodicities, i.e., frame rates, correspond to periodicities that are not an integer, e.g., fps of 15, 30, 45, 60, 72, 90 or 120fps result frame rate of 66.66, 33.33, 22.22, 16.66, 13.88, 11.11 and 8.33ms respectively. To ensure DRX cycle alignment with the XR traffic periodicity, the new DRX cycles will be (non-negative) rational numbers that will match the intended XR traffic periodicity. 
As the earlier DRX cycles were always integer i.e., natural numbers, RAN2 sent a LS [2] to RAN1 and RAN4 asking feedback whether introduction of DRX cycles in rational numbers cause any issues in RAN4 (or RAN1) specification:
	ACTION: 	RAN2 respectfully asks RAN1 and RAN4 to take the above RAN2 agreement into consideration and inform RAN2 if the new DRX cycles in rational numbers cause issues in their specifications.



In following we discuss the implications from RAN4 specification perspective.

[bookmark: _Toc116995842]Discussion
In this paper, to study any impact on RAN4 specifications due to the introduction of DRX cycles in rational numbers, our analysis will be focused on following aspects:
1) Measurement reporting requirements as specified in Clause 9.2.4/5 and 9.3.4/5 of TS 38.133 for intra-frequency and inter frequency respectively.
2) Minimum requirement for L1 indication as specified in Clause 8.1.6 of TS 38.133

1) Measurement reporting requirements:
Clause 9.2.4/5 and 9.3.4/5 of TS 38.133 define cell identification requirements for various scenarios. One example is given in Table.1 from the Specifications for Time period for PSS/SSS detection in FR2.
[image: A black and white document with black text

Description automatically generated]Table. 1: Time period for PSS/SSS detection in FR2 from TS38.133

In the following analysis, we consider certain combinations of DRX cycle values used in XR in combination with certain SSB periods.
a. DRX cycle = 50/3ms and TSSB=20ms
Figure. 1shows the scenario with DRX cycle =50/3ms and TSSB=20ms. In this figure a total of 200 ms is shown, which results in a total of 10 SSB cycles and 12 DRX cycles. From the RAN4 requirements, it is assumed that the UE will collect one measurement sample for the maximum between DRX cycle and SSB period. In this case, since the DRX cycle is smaller than the SSB period, one sample would be collected in each SSB period. In this example, 10 DRX cycles include 1 SSB occasion, while 2 DRX cycles doesn’t include a SSB occasion. 
In RAN2 a quantized DRX cycle is used where each DRX cycle has either 16 or 17 ms. In Figure. 1 the exact DRX cycle (50/3=16.67) is shown above the quantized DRX cycle. When using quantized values, the DRX cycle is different, following a sequence of 16, 17, 17 ms. As it can be observed, the quantization of DRX cycle poses no impact on the measurement samples, as the difference of 0.67 ms between DRX cycles is not large enough in order to change the mapping between DRX cycle and SSB period. 
In this example, if we take a maximum of 1 sample in 1 DRX cycle, we would take 10 samples, independently of whether the exact or quantized DRX cycle approach is used. 
 Therefore, a rational number doesn’t impact the time period for cell detection in this scenario.




Figure.. 1: Example of mapping between SSB and DRX cycles with TSSB=20ms with exact DRX cycles (50/3) and with values quantized with 17 and 16 ms as in RAN2 agreements
b. DRX cycle = 100/3ms and TSSB=40ms
Figure. 2 shows the scenario with DRX cycle =100/3ms and TSSB=40ms. 
This figure shows similar effect as in Figure. 1, with the difference that the difference of ideal rational DRX cycle is relatively smaller than with the quantized one. In this case, since the SSB period is larger than the DRX cycle, the UE would collect 1 sample per SSB period, where each SSB period is covered either by 1 or 2 DRX cycles.  In this example a total of 20+0 ms is shown, with 5 SSB period, and 6 DRX cycles. As it can be noticed there is no SSB during the last DRX cycle, but this is not relevant for the measurement delay calculation, since the period used for the measurement cycle is the SSB period in any case. A rational number doesn’t impact the time period for cell detection in this scenario.



Figure.. 2: Example of maping between SSB and DRX cycles with TSSB=20ms, exact DRX cycles (100/3) and with values quantized with 33 and 34 ms as in RAN2 agreements



2) Minimum requirement for L1 indication
Clause 8.1.6 in TS38.133 specifies the minimum time, TIndication_interval, between two successive out-of-sync and in-sync indications from layer 1. As mentioned in the specification, “In case DRX is used, TIndication_interval is Max(10ms, 1.5 × DRX_cycle_length, 1.5 × TRLM-RS,M)) if DRX cycle_length is less than or equal to 320ms, and TIndication_interval is DRX_cycle_length if DRX cycle_length is greater than 320ms.”

With the rational values of DRX cycle, the value of TIndication_interval may vary within 1ms. There may be some potential impact on UE side implementation if UE needs to follow the indication rate strictly. But since this issue is internal to UE implementation and RLF triggering variation not visible at system level, we don’t foresee any RAN4 specification impact.

Observation: In context of TS38.133, DRX cycles in rational numbers does not have any direct implications to RAN4 specification.
Based on the afore discussion we propose response to RAN2 LS [2] that from RAN4 specification perspective DRX cycles in rational numbers does not have any direct implications.
Proposal: RAN4 provides a response to RAN2 indicating that DRX cycles in rational numbers does not have implications to RAN4 specification.



[bookmark: _Toc116995848]Conclusion
In this paper we share our views on any RAN4 impacts due to the introduction of DRX cycles in rational numbers.
In the paper, the following Observations and Proposals were made:
Observation: In context of TS38.133, DRX cycles in rational numbers does not have any direct implications to RAN4 specification.
Based on the afore discussion we propose response to RAN2 LS [2] that from RAN4 specification perspective DRX cycles in rational numbers does not have any direct implications.
Proposal: RAN4 provides a response to RAN2 indicating that DRX cycles in rational numbers does not have implications to RAN4 specification.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref134450248][bookmark: _Ref134562571]RP-230786, “Updated WID on XR Enhancements for NR”, Nokia, Qualcomm, RAN#99
[2] [bookmark: _Ref138683799]R2-2306564, “LS on new DRX cycles in rational numbers”, RAN2
[3] R4-2311014, “LS on new DRX cycles in rational numbers”,



image1.png
Table 9.3.4-2: Time period for PSS/SSS detection, (Frequency range FR2)

Condition NOTET2 Tpssisss_sync_inter

No DRX Max(800ms, Ceil(Kgap x Mpssisss_syne_mer X Kr) x Max(MGRP , SMTC period)) x

CSSFinter

DRX cycle < 320ms | Max(600ms, Ceil(1.5 * Kgap x Mpssisss_sync_inter X Ke) x Max(MGRP, SMTC period, DRX

cycle)) x CSSFinter

DRX cycle > 320ms Ceil(Kgap X Mpssisss_sync_inter X Keg) x DRX cycle x CSSFinter

NOTE 1:
NOTE 2:

NOTE 3:

NOTE 4:

DRX or non DRX requirements apply according to the conditions described in clause 3.6.1

In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for
the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.

For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap
associated with the target frequency layer to be measured if concurrent measurement gaps are
configured.

Krr is a scaling factor depending on the frequency range and the SSB SCS. For FR2-1, KFR = 1. For
FR2-2: KFR = 1 if the SCS of the SSB of the cell being detected is 120 kHz, KFR = 2 if the SCS of the
SSB of the cell being detected is 480 kHz, and KFR = 3 if the SCS of the SSB of the cell being
detected is 960 kHz.
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