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Introduction
In RAN4 106 meeting, the following was captured in the WF[1]:
	< Issue 3-2-1: Whether to keep TAE/network synchronization requirement for Type 3a/3b >
· Option.1 Keep TAE 3us
· Option.2 MRTD [3]us
· Option.3 MRTD < CP
Way Forward: 
Continue further discussions in the next meeting.


In the following sections we will present our view on synchronization requirements in type-3 UEs and type 4 UEs. Moreover RF requirements for type 4 UEs will be specified. 
Discussion
Type-3 UE
The options proposed in the WF are diverging from network and UE perspective. These timing parameters are intertwined and changing one can result in changing the others.
The MRTD is a parameter of concern for UEs. It is governed by (1):
        (1)
TAE is a parameter of concern for network. It consists all the timing synchronization imperfections between the two CCs. The TAE includes the timing errors due to GPS synchronization, LO jitter, backhaul propagation delay and etc. The RF propagation delay depends on the UE distance from the gNbs. In [2] we showed the propagation delay could vary up to 2.11us in LOS scenario with a maximum power imbalance of 25dB. Moreover, the delay spread is a channel intrinsic property and it shows the arrival time difference between copies of the signal at the UE. In TS 38.101-4 different delay profiles for NR channel models are considered where the delay spread can vary from 30 ns to 300 ns
Table 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



Currently the maximum TAE (TAEmax) is set to 3us. Although in an optimized network the TAE should be as low as possible, but due to implementation constraints it is possible that in some sites the TAE reaches its maximum values. By following option 2 the MRTD is suggested to be a fixed value (3 us as an example), this fixed value should be large enough to include the time budget for propagation delay and channel delay spread. The option 3 imposes more constraints to the MRTD as it sets the upper limit as the CP duration. In case of a SCS of 30 KHz the CP duration equals to 2.34us. As MRTD is directly related to TAE, with option 3, the type-3 UEs that operate in the cells, where TAE > CP, will not be able to use their non-collocated CA/EN-DC feature. On the other hand, the other UEs that operate in cells where TAE  ≤ CP, they will have a limited time budget for propagation delay and channel delay spread. Assuming option 2 and (1):

Based on (2) and the fact that operators cannot control channel delay spread, the RF propagation delay will be limited. This reduces significantly the coverage range of type-3 UEs within these sites and takes all the benefit of the non-collocated CA/EN-DC feature from it. 
As only two RAN4 meetings are left in the Core part of the WI and the fact that companies support different options which are not converging we propose to postpone type-3 UE to future releases.
Observation 1: Following option 2 (MRTD [3]us) the MRTD is suggested to be a fixed value (3 us as an example), this fixed value should be large enough to include the TAE, the time budget for propagation delay and the channel delay spread
Observation 2: Following option 3 (MRTD < CP), the type-3 UEs in the cells where TAE> CP will not be able to use their non-collocated CA/EN-DC features. The other UEs that operate in cells where TAE ≤ CP, they will have a limited time budget for propagation delay and channel delay spread. Therefore, their coverage range will be severely limited.
Proposal 1: Postpone type 3 UE to future releases as the companies views are diverging and only 2 meetings are left on the Core part of the WI
Proposal 2: Focus on delivery of Type 2 and type 4 within this WI. 
Type-4 UE
Type-4 UEs have separate transmission paths similar to type 2 UE as shown in Table 2[3]. Due to the transmission path separation (No shared LNA between the CCs), there is no need to be concerned about the MRTD value and  MRTD= 33us can be specified, as it is the case for type2 UE[4]. Moreover a maximum of 25dB power imbalance between the received CCs similar to type 2 UEs can be set. 
Table 2 UE architectures to be considered in Rel18 
	[bookmark: _Hlk116987019]UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	2
	1
	2
	4
total
	2
	2
	2Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4a
	1
	4
	6
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	25dB
full range
	Requires 6 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	2
	
	2
	2
	2Rx
	
	
	
	

	4b
	1
	4
	8
total
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	25dB
full range
	Requires 8 antennas and LNA => is it compatible with smartphone? (for which frequency range), FWA only

	
	2
	4
	
	4
	4
	4Rx
	
	
	
	



The UE shall indicate in a signaling its capability of non-collocated intra-band CA for type 4. It can use the RF requirements as specified in section 7.10A of TS 38.101-1 and MRTD requirements as Table 7.6.4-2 of TS 38.133.
Proposal 3: for type-4 UEs: Maximum power imbalance 25dB. MRTD= 33us.
Proposal 4: for type-4 UEs: introducing a UE capability with the RF requirements as specified in section 7.10A of TS 38.101-1 and MRTD requirements as Table 7.6.4-2 of TS 38.133.
    
.

Conclusion
Observation 1: Following option 2 (MRTD [3]us) the MRTD is suggested to be a fixed value (3 us as an example), this fixed value should be large enough to include the TAE, the time budget for propagation delay and the channel delay spread
Observation 2: Following option 3 (MRTD < CP), the type-3 UEs in the cells where TAE> CP will not be able to use their non-collocated CA/EN-DC features. The other UEs that operate in cells where TAE ≤ CP, they will have a limited time budget for propagation delay and channel delay spread. Therefore, their coverage range will be severely limited.
Proposal 1: Postpone type-3 UE to future releases as the companies views are diverging and only 2 meetings are left on the Core part of the WI
Proposal 2: Focus on delivery of Type 2 and type 4 within this WI.
Proposal 3: for type-4 UEs: Maximum power imbalance 25dB. MRTD= 33us.
Proposal 4: for type-4 UEs: introducing a UE capability with the RF requirements as specified in section 7.10A of TS 38.101-1 and MRTD requirements as Table 7.6.4-2 of TS 38.133.
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