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Introduction 
Network energy savings WI has been approved in RAN#98, and since then it has been discussed in multiple meetings in RAN1 and RAN2. Implementing the energy saving features may impact the RF requirements of BSs and UEs, e.g., on network performance and user experience. The last RAN4 meeting has agreed to prioritize the discussion on SSB-less Scell operation for inter-band CA for FR1 and co-located cell. This paper discusses the potential TAE value to ensure optimal SSB-less performance.

Discussion
During the last meeting, RAN4 agreed on the following WF. 

RF agreement
Issue 1-1: TAE
· Further discuss the following values for TAE to guarantee the SSB-less feature performance
· Option 1: 2.x us, i.e., CP size for 30kHz SCS
· Option 2: 260ns
· Option 3: 65ns
· Option 4: 3us
· In the next meeting, encourage companies to provide the achievable values.



Partial RRM agreement related to RTD

Issue 1-2-1: RTD conditions for scenario 1 (SCell without SSB transmission and with TRS transmission)

· Further consider the following cases for requirements definition
· Set 1: RTD ≤ 3us + X (X is FFS)
· Set 2: 260ns < RTD < min(CP, 3us) 
· note: the CP corresponding to the largest SCS across CCs
· Set 3: RTD ≤ 260ns
FFS whether all subsets are feasible from UE implementation perspective



TAE of SSB-less operation for inter-band CA co-located cells in FR1
This session aims to address the TAE values for achieving the optimal SSB-less performance in the context of NES SSB-less operation for inter-band CA co-located in FR1.

A deeper understanding of the variations with different implementations is necessary before delving into the specifics of deriving TAE values.
Regarding the co-located scenario, it is important to highlight that the definition of colocation in the RAN4 spec is broader. E.g. even though gNBs are considered collocated, there can be significant differences in the implementation of their RUs and how the RU is connected to the baseband and clock source. The achievable TAE values can vary considerably depending on whether a multi-band RU is used, which allows multiple carriers in different bands to share the same RU. However, if different RUs are employed, the achievable TAE may depend on the specific connections between these RUs and the actual clock source and baseband as well as the switches used in the fronthaul. The 3GPP TAE requirements are relative and are between antenna reference points. The common closest timing reference placement depends on the deployment scenario, product configurations, and available synchronization options. 

In the #107 meeting, RAN4 RRM has agreed to prioritize two scenarios shown below:

· Scenario 1: SCell without SSB transmission and with TRS transmission
· Scenario 2a: SCell without SSB transmission and without any other DL transmissions, but with UL reception at the NW side

Scenario 1 is to use TRS resources to derive the timing for SCell activation and data reception.
For legacy SCell activation, the UE obtains timing information through coarse timing and fine timing. It would be difficult to specify and mandate a single fixed TAE. Rather, the required TAE would depend on actual deployment, its RF characteristics, and the UEs’ relative position between the transmit and receive points.

To determine the required TAE for achieving optimal performance of the SSB-less feature, it is essential to consider the following factors:
1. The duration of the CP associated with various SCS, 
2. The channel dispersion, 
3. The UL transmit timing uncertainties for both the serving cell and SSB cell, 
4. The time of arrival difference of DL signals 

The UL timing uncertainties include DL reference time estimation and UL timing errors (), timing advance quantization, and timing advance adjustment accuracy. For simplicity, the UL timing uncertainties are denoted as below:

UL_TX_time_uncertanties  = 

Then the TAE is derived as below: 



Where, in the above equation,  is the duration of CP at a certain SCS and  is listed in TS 38.101-4 Table B.2.1.1-1. represents the initial transmission timing error of the UE, which serves as an indicator of the SSB BW width (intrinsic accuracy proportional to 1/SSB_BW), combined with the UE’s internal clock drift over the periodicity of the SSB block (160 ms) and additional margins. This value can be found in Table 7.1.2-1 of TS 38.133.is the time of arrival difference of DL signals, when assuming co-location, the value is nearly 0, but it becomes greater than zero when in the inter-band scenario and frequency are far apart from each other.

= +/- 8  @ SCS = 15 kHz and is divided by 2 for each doubling of SCS freq. ().
 is the timing advancement adjustment accuracies which are listed in TS 38.133 Table 7.3.2.2-1

Table B.2.1.1-1: Delay profiles for NR channel models
	Model
	Number of 
channel taps
	Delay spread
(r.m.s.)
	Maximum excess tap delay (span)
	Delay resolution

	TDLA30
	12
	30 ns
	290 ns
	5 ns

	TDLB100
	12
	100 ns
	480 ns
	5 ns

	TDLC300
	12
	300 ns
	2595 ns
	5 ns

	TDLD30
	10
	30 ns
	375 ns
	5 ns




Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	+/-Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2-1
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	2-2
	120
	120
	3.5*64*Tc

	
	
	480
	[1.58]*64*Tc

	
	480
	120
	2.86*64*Tc

	
	
	480
	[1.35]*64*Tc

	
	
	960
	[0.90]*64*Tc

	
	960
	120
	2.80*64*Tc

	
	
	480
	[1.13]*64*Tc

	
	
	960
	[0.86]*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]




Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
	UL Sub Carrier Spacing(kHz)
	15
	30
	60
	120
	480
	960

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc
	±10 Tc
	±6 Tc



It should be noted that even for co-located scenarios, RF propagation may vary across different bands due to distinct channel characteristics. Additionally, this variation is dependent upon the deployment environment. FR1 inter-band frequencies have different delay spread channels if it is far apart in frequency.​ Different CPs (cyclic prefix) are used in FR1, i.e., 15 kHz, and 30 kHz, and each CP necessitates unique requirements.

Typical-case scenario
In the case where the serving cell (PCell) and SSB-less cell (SCell) use different SCS, the tightest TAE occurs when the SSB-less cell operating at higher SCS (i.e., 30 kHz) leads to a reduced CP duration, and the UE experiences a larger UL timing error at the serving cell with smaller SCS. (i.e., 15 kHz).
The TAE is determined by selecting the values corresponding to the typical-case scenario from the tables mentioned above, and it is as follow:

Note: the maximum excess tap delay accounts for the furthest and weakest reflex, and is considered as ‘not typical case’, therefore RMS spread delay is recommended to use in the formula instead. 
However, we do not always have the tightest TAE combination of inaccurate DL timing due to SCS = 15 kHz narrow SSB bandwidth and small SCell UL SCS = 30 kHz. In practice there are other SSB and UL SCS combinations. They are shown in Table 1 below, with all units in seconds:
Table 1 TAE values for different SSB SCS and UL SCS combinations.
	SSB/UL
	CP
	CH_disp
	Te
	
	
	∆RF_propg_diff
	TAE

	15/15
	4,69E-06
	1,00E-07
	3,91E-07
	2,60E-07
	1,30E-07
	0,00E+00
	3,03E-06

	15/30
	2,34E-06
	1,00E-07
	3,91E-07
	2,60E-07
	1,30E-07
	0,00E+00
	6,81E-07

	30/15
	4,69E-06
	1,00E-07
	2,60E-07
	1,30E-07
	1,30E-07
	0,00E+00
	3,55E-06

	30/30
	2,34E-06
	1,00E-07
	2,60E-07
	1,30E-07
	1,30E-07
	0,00E+00
	1,20E-06




Therefore, we propose the following TAE values to guarantee UL and DL performance for SSB-less operation in FR1 for NES in Table 2:
Table 2 TAE values summary for different SSB SCS and UL SCS combinations.
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.55 µs

	30
	30
	1.2 µs





Proposal 1: 	We propose the following TAE values to guarantee UL and DL performance for SSB-less operation in FR1 co-located inter-band CA for NES:
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.0 µs*

	30
	30
	1.2 µs


*3.0 µs is truncated from 3.55 µs to align with the current requirement in TS 38.104.


From Rel-15, the NW has the capability to configure SCell to be DL only or DL + UL. If the NW would like to configure SSB-less SCell to be DL-only, then the TAE value would be less stringent, as the UL timing uncertainties would not apply. That scenario will be discussed within RRM session and the TAE value for that case can be further studied.

[bookmark: _Toc142573488]Proposal 2: 	If the NW would like to configure SSB-less SCell to be DL only, TAE value for that case can be further studied.

Conclusion

Based on the discussion in the previous sections we propose the following:



Proposal 1: 	We propose the following TAE values to guarantee UL and DL performance for SSB-less operation in FR1 for NES:
	SCS of SSB
(kHz)
	SCS of UL 
(kHz)
	TAE

	15
	15
	3.0 µs

	15
	30
	680 ns

	30
	15
	3.0 µs

	30
	30
	1.2 µs



Proposal 2:  	If the NW would like to configure SSB-less SCell to be DL only, TAE value for that case can be further studied.
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