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Introduction
[bookmark: _GoBack]The following were agreed in the previous meeting RAN2#125-bis.
[bookmark: _Toc462951621][bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc465023136][bookmark: _Toc465346829]Agreements on paging adaptation:
1. From the UE point of view, UE will monitor one PEI/PO every paging DRX cycle, i.e. the UE doesn’t skip PO in paging DRX cycle.
2. For adaptation of paging occasions in time domain, RAN2 to study a) bundle paging frames and b) extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
3. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)
In this contribution, we share our view on common signal/channel adaptation.
Discussion
[bookmark: _Toc450908196][bookmark: _In-sequence_SDU_delivery]RAN2 decided to study following two mechanisms for paging occasion adaptation across the time domain:
· Option 1. Bundle paging frames
· Option 2. Extend the values of N to have increased interval between PFs (e.g. T/64, T/128 ...) and compensating decrease in number of PFs by increasing POs per PF.
Paging frames are continuously allocated in the time domain for option 1. As the radio frame time interval without a paging frame increases, the time that the gNB continuously stays in the sleep state increases. Option 2 is the mechanism that extends the period of the paging frame, increasing the time the gNB stays in the sleep state. As the number of PFs decreases due to the extension of the paging frame cycle, the number of POs within the PFs needs to be increased. 
Uniform distribution of POs in the time domain balance the RACH resource per PO, but prevents the gNB from staying in the sleep state for a long time within the paging cycle. In both options, the RACH resource per PO reduces compared to legacy paging, since the space between PFs and the space between POs reduce in option 1 and option 2 respective. Therefore, the paging adaptations can increase RACH congestion. Therefore, when comparing the above options, it is necessary to analyze not only NES gain but also RACH congestion for each paging adaptation technique. It is FFS whether the legacy UE will camp on a NES cell that applies the Rel-19 paging adaptation technique, so we will compare two options in two different cases, i.e. (1) prevent the access of legacy UE and (2) separate paging resources for legacy UEs and NES UEs.

Performance comparison option 1 and option2 without legacy UE
1.  NES gain comparison of options
First, we will compare NES gain of the two options in terms of total sleep duration. The sleep duration within a PF, i.e., sleep between POs, is not considered for simplicity in comparison and we focus on the NES gain from deep sleep. The total sleep duration can be calculated as follows: 
-	Total sleep duration = DRX cycle – total transition time – PF period
· DRX cycle(T) is set to rf128(i.e.,128 radio frame, 1280ms)
· Total transition time: total transition time entering and leaving the sleep state.
· Transition time for Deep sleep: 50ms.
· PF period: PF radio frame time duration

Figure 1 shows the sleep duration of NES cell in the legacy paging, option 1, and option 2. It is assumed for legacy paging that N is set to T/8. There are 16 paging frames in 1280ms. Excluding transition time, the time duration excluding PF period per eight frames is 70ms. The NES cell can stay in deep sleep state for 20ms every eight frames. Total deep sleep duration of the NES cell is 20 (ms/frame) * 16 paging frames. Therefore, Total deep sleep duration of the NES Cell in the legacy paging mechanism is 320 ms. For option 1, 16 paging frames are allocated consecutively in the time domain. The time duration excluding PF period is 1120ms. The NES cell can stay in deep sleep state for 1070ms. It is assumed for option 2 that N is set to T/64. The time duration excluding PF period is 630ms every 64 frames. gNB can stay in deep sleep state for 580ms every 64 frames. Therefore, Total deep sleep duration for option 2 is 1160ms. 

< Figure 1. Example of legacy paging, option 1 and option 2 for NES gain>
The difference of the total deep sleep duration between option 1 and option 2 is only 90ms. In terms of total deep sleep duration, there is not much difference in NES gain between option 1 and option 2.
Table 1. NES gain comparison of legacy paging, option 1 and option 2
	
	Sleep state, total sleep duration

	Legacy paging
	Deep sleep, 320ms

	option 1
	Deep sleep, 1070ms

	option 2
	Deep sleep, 1160ms



Observation 1. 	There is no big difference NES gain between option 1 and option 2.

2. RACH resource congestion comparison of options
Second, we will compare the two options in terms of RACH resource congestion in NES cells in case that the legacy UE is not allowed to camp on the NES cell. The average number of POs per Rach Occasion is used to compare RACH congestion, and it can be calculated as follows: 
-	Average number of POs per RO = Total number of PO / Total number of RO that UE used
· Total number of PO and RO during DRX cycle is counted
· PRACH configuration index: 112 (6.3.3.2-3 table of 38.211 [1].)

Figure 2 shows the example of RO and PO in each option. There is one PRACH slot for every four frames, and there are two ROs within each PRACH slot. The more RACH resources per PO, the RACH congestion is minimized. To prevent delay in RACH of the UE receiving the paging, it is assumed that the UE performs RACH only using the ROs in the frame closest to the PO. 
For legacy paging, the value of Ns is set to one. The UE that receives one PO in the 0th frame will use the resources of two ROs in the first frame. Another UE that receives on PO in 8th frame will use the resources of two ROs in the 9th frame. Two ROs are also used for one PO in both cases. Applying this counting, total number of PO during paging cycle are 16POs and total number of RO is 32ROs. Therefore, Average number of PO per RO for legacy paging is 0.5. For option 1, the value of Ns is also set to one. Total number of POs during paging cycle are 16 POs and total number of RO is 10 ROs. Therefore, the average number of POs per RO for option 1 is 1.6. For option 2, since the number of PFs is reduced to 1/8, eight POs need to be set within one PF. The total number of POs during a paging cycle is 16 POs and the total number of ROs is 4. Therefore, the average number of POs per RO for option 2 is 4.


 < Figure 2. Example of legacy paging, option 1 and option 2 for RACH congestion>

The RACH congestion may become severe as the average number of POs per RO in option 2 is more than twice than that of option 1. In terms of the RACH congestion, option 1 is significantly superior to option 2 in case that the legacy UE is not allowed to camp on the NES cell.
Table 2. RACH congestion comparison of legacy paging, option 1 and option 2
	
	Average number of PO per RO

	Legacy paging
	0.5

	option 1
	1.6

	option 2
	4



Observation 2. 	RACH congestion increases much more in option 2, compared to option 1.
Proposal 1.	Support option 1 (bundle paging frame) for NES cells without legacy UE. 

Whether to allow camping legacy UE in NES cell applying paging adaptation
RAN2 needs to discuss if legacy UE can camp on NES cell applying paging adaptation. RAN2 agreed the following.  
1. For Paging adaptation, R2 discusses the following options on compatibility of legacy RRC_IDLE/RRC_INACTIVE UE:
 	- Option 1: Prevent the access of legacy UE via barring;
 	- Option 2: Separate paging resources for legacy UEs and Rel-19 NES UEs (assuming there are legacy UEs)

If legacy UE is allowed to camp on NES cell applying paging adaptation, the NES cell should provide paging in legacy manner. There are various manners to implement the option1 and option2 with legacy PF/POs. We suggest examples of option1 and option2 for NES cell with legacy UEs. Within the figure, the first subfigure is given as a reference of PF configuration in legacy cell, where 16 legacy PFs are configured, and each PF has one PO, and the second and third subfigure correspond to the example of option1 and option2 with legacy UEs, where the green PF is a legacy PF, and the blue PF is an NES PF. In the second and third figure, the total number of legacy PFs in one paging cycle is reduced by half (legacy PF interval is doubled), compared to the reference case. Then, the reduced paging opportunities are compensated by adding NES PFs and/or adding POs within NES PF, so that the total number of POs is the same across legacy as reference, option1, and option2 for a fair comparison. 
For the allocation of NES PFs for option1, as shown in the second subfigure , 8 extra NES PFs are allocated with event distance, and each NES PF has one PO. With this allocation, one NES PF and one legacy PF are bundled for all legacy PFs. This allocation is to maximize the distance between bundles, so that gNB’s deep sleep opportunities can be maximized. 
For the allocation of NES PFs for option2, as shown in the third subfigure, one NES PF is allocated for every four legacy PF, and NES PF is bundled with legacy PF. Each NES PF has 4 POs. 




<Figure 3. Example of legacy paging, option 1 and option 2 >
For option 1, gNB can stay in deep sleep state for a total of 720ms within 128 frames. Average number of POs per RO for option 1 is 0.5. For option 2, gNB can stay in deep sleep state for a total of 780ms within 128 frames. Average number of POs per RO for option 2 is 0.8
The total sleep duration of option 2 is 60ms longer than option 1. The average number of POs per RO of option 1 is the same as that of legacy paging, but option 2 is 0.3 times larger. There seems to be NES gain since the total sleep duration of option 1 and 2 is more than twice than that of legacy paging. Moreover, RACH congestion appears to be insignificant because the average number of POs per RO seems to have little difference between legacy and option 1 and 2. Therefore, legacy UE is expected to be able to camp on NES cell.
Table 2. Comparison of option 1 and option 2 with legacy UE
	
	Sleep state, total sleep duration
	Average number of PO per RO

	Legacy paging
	Deep sleep, 320ms
	0.5

	option 1
	Deep sleep, 720ms
	0.5

	option 2
	Deep sleep, 780ms
	0.8



In both options, we can achieve NES gain. But, paging latency of legacy UEs will be doubled, because legacy PF interval is doubled. So, if network can assume that the increased paging latency is acceptable, network can allow legacy UEs to camp on the NES cell, but if not, it can bar legacy UEs from the NES cell. 
Observation 3. 	If network can accept increased paging latency for legacy UE, NES gain can be achievable with option1 and option2, even if legacy UEs camp on NES cell applying paging adaptation.  
Observation 4. 	Option1 has slightly less NES gain than option2, but option1 has much less RACH congestion. so, option1 is better when legacy UEs are allowed to camp on NES cell. 
Proposal 2. 	Network can allow legacy UEs to camp on NES cell applying paging adaptation.  
Proposal 3. 	Support option 1 (bundle paging frame) for NES cells with legacy UE.


Conclusion
Based on the above discussions, we present the following observations and proposals:
Observation 1. 	There is no big difference NES gain between option 1 and option 2.
Observation 2. 	RACH congestion increases much more in option 2, compared to option 1.
Proposal 1.	Support option 1 (bundle paging frame) for NES cells without legacy UE. 
Observation 3. 	If network can accept increased paging latency for legacy UE, NES gain can be achievable with option1 and option2, even if legacy UEs camp on NES cell applying paging adaptation.  
Observation 4. 	Option1 has slightly less NES gain than option2, but option1 has much less RACH congestion. so, option1 is better when legacy UEs are allowed to camp on NES cell. 
Proposal 2. 	Network can allow legacy UEs to camp on NES cell applying paging adaptation.  
Proposal 3. 	Support option 1 (bundle paging frame) for NES cells with legacy UE.

References
[1] 3GPP TS 38.211, “NR; Physical channels and modulation (Release 18)”, V18.1.0 (2024-01).


image3.jpeg
8 frame

«—>
v v v v v v v el | e
< Example of legacy paging >
2 frame 14 frame

PE | PF PE | PF PF | PF PE | PF L I N

< Example of option 1 with legacy UE >

2 frame 14 frame 15 frame
> B —

PE | PF PF PF PF [ I R oo

< Example of option 2 with legacy UE >





image1.jpeg
8 frame

«
v v v v v el | e
< Example of legacy paging >
16 frame 112 frame

PE| pF | PF | PF| PF | PF [ PF| PF | PF [ PF| PF | PF | PF | PF | PF[PF

< Example of option 1 without legacy UE >

1 frame 63 frame
e >
3 PF
< Example of option 2 without legacy UE >
<




image2.jpeg
16 frame

< Example of legacy PRACH configuration >

8 frame
«

PF PF

< Example of legacy paging >

16 frame

P | pr | PF [ PF | PF | pF [ PF| PF| PF | PF | PF| PF | PF [ PF | PF | PF

< Example of option 1 without legacy UE >

1 frame
R d

PF

< Example of option 2 without legacy UE >




