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[bookmark: _Toc116995841]Introduction
At RAN#95 meeting, the WI was approved to study the feasibility to support non-co-located scenario for FR1 intra-band non-contiguous EN-DC/NR-CA [1] with the following objectives of the performance part. 
	· Phase II: 
· Phase II work will get started after the feasibility in phase I is confirmed
· Specify PDSCH demodulation requirements for non-collocated scenarios for intra-band non-contiguous EN-DC and NR-CA
· Define PDSCH demodulation performance requirement based on the applicable MRTD and power imbalance values.
· Power imbalance between the carriers is limited



In this paper, we present Nokia’s view on the impact of non-collocated FR1 intra-band EN-DC/NR-CA to demodulation requirements.

Discussion
RAN and operators identified the need for UE requirements for non-collocated deployment, as it is essential to enhance the available areas for intra-band EN-DC/NR-CA. Previous specifications only included collocated requirements for FR1 intra-band non-contiguous NR-CA until Release 17 limited to two Rx ports per band. 
The new WID [1] aims to improve the performance and efficiency of carrier aggregation by enabling the interworking between different types of CA configurations. Specifically, the feature allows for the interworking between intra-band EN-DC and NR-CA, which was previously not possible.

Difference between co-located and non-collocated DCCA
The main difference between co-located deployment and non-collocated deployment will be the receive time difference and receive power difference between the cells. For co-located deployments, the physical distance between cells will be close enough that we can usually ignore the impact on time difference or side conditions or others that caused by distance. But for non-collocated deployments, the distance (especially in terms of propagation paths) between cells should have no limitation and can be located on anywhere within the FR1 cell coverage. Hence, this will clearly impact the UE demodulation performance.
[bookmark: _Ref131471005]RAN4 to define UE demod requirements for non-collocated intra-band EN-DC and NR-CA

UE architectures under consideration
In the RF and RRM session, 4 UE types were (and mostly still are) under consideration [2] [3]:
	· Prioritize Type 3a/3b discussion for 4MIMO layer in Rel-18.
 
	[bookmark: _Hlk116987019]UE
Type
	
CC#
	antenna
/ LNA
	Mixer
	Analog
BB
	#Rx
	Frequency
Separation
between 2cc
	NRCA/ENDC
	power
imbalance
	comment

	1
	1
	4
shared
	4
shared
	4
shared
	4Rx
	≤ X MHz
	NRCA,ENDC
	6dB
full range
	Baseline architecture (i.e. legacy architecture)

	
	2
	
	
	
	4Rx
	
	
	
	

	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
	
	
	
	

	3a
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	2
	2
	2Rx
	
	
	
	

	3b
	1
	4
shared
	4
	4
	4Rx
	No limitation or ≤ X MHz
	NRCA,ENDC
	6<P≤25dB
partial range
	Reuse of baseline RFFE architecture adding RF split after 2 LNAs + 1BB/Rx 
=> common AGC on LNA => 25dB only for some range

	
	2
	
	4
	4
	4Rx
	
	
	
	

	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
	
	
	
	


 



It is our understanding that from a baseband perspective, type-2 and type-3 differ in the number of BB/Rx chains available for each cell. In particular, type-2 has a BB/Rx chain per CC, while type-3 shares one [3].


Figure 1: UE architecture comparison from [R4-2215736]

From a demodulation point of view this has a big impact on the demodulation performance, since type-2 can compensate for receive time differences (RTDs) and power imbalance, while type-3 cannot.
Hence, for practical non-collocated deployments, only type-2 UEs will be able to be served with usable demodulation performance. As such we propose to define UE demod requirements based on type-2 UE.
Additionally, type-4 UEs are very similar to type-2, just with the full RX path (including e.g., LNA). Due to the similar architecture that RTD, etc., configurations from type-2 can be re-used in type-4. And even the power imbalance agreements can be re-used, as the imbalance stems more from geometry and less from LNA/AGC considerations.
[bookmark: _Ref131471014]RAN4 to define UE demod requirements based on type-2 and type 4 UE. 

(M)RTD and power imbalance values for demodulation requirements
Maximum Receive Timing Difference (MRTD) refers to the maximum allowable difference in the timing of received signals between different antennas or carriers. MRTD is an important parameter in carrier aggregation (CA) setups where multiple carriers or antennas are used to transmit data, as baseband interference arises from RTD. The absence of MRTD can lead to wrong or unbalanced requirements.
The RRM session has agreed MRTD/MTTD values for UE architecture type-2.
	Issue 1-2-1: MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 intra-band non-contiguous NR-CA for Type 2 UE
· MRTD=33us
· MTTD=34.6us

Issue 1-2-2: MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· Agreements
· MRTD/MTTD requirements for non-collocated FR1 inter-band synchronous EN-DC with overlapping DL bands for Type 2 UE
· MRTD=33us
· MTTD=35.21us




Power imbalance can have a significant impact on the performance of carrier aggregation (CA). When different carriers have different power levels due to power control mechanisms, the imbalance can cause interference, nonlinear effects, and AGC related noise floor raises, that degrades the performance of the receiver. This is especially critical in cases where intra-band EN-DC and NR-CA are used together, as the power imbalance can be more severe due to the use of different frequency bands.
While the noise-offsets chosen in demod testing prevent impact from AGC effects, the non-linear effects can lead to BB impact. In previous releases “Minimum requirements for carrier aggregation with power imbalance” were introduced with an imbalance of 6dB between PCell and SCell. If power imbalance for non-collocated is agreed to differ from this baseline in the RRM session, then new demodulation requirements will be necessary.

Hence, we make the following proposal: 
[bookmark: _Ref131471024]RAN4 to define PDSCH demodulation performance requirement based on the applicable MRTD and power imbalance values from RRM (agreed for UE type-2), i.e., 33 us and 25 dB, with possible compensation mechanisms to be discussed.



[bookmark: _Toc116995848]Conclusion
This contribution discusses the demod requirements for non-collocated FR1 intra-band EN-DC/NR-CA. The observations and proposals are summarized as below:  
Proposal 1:RAN4 to define UE demod requirements for non-collocated intra-band EN-DC and NR-CA
Proposal 2:RAN4 to define UE demod requirements based on type-2 and type 4 UE.
Proposal 3:RAN4 to define PDSCH demodulation performance requirement based on the applicable MRTD and power imbalance values from RRM (agreed for UE type-2), i.e., 33 us and 25 dB, with possible compensation mechanisms to be discussed.
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