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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-colocated 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



The objective of performance part of this WI is to specify PDSCH demodulation requirements for intra-band non-contiguous EN-DC and NR-CA, considering the non-colocated deployment scenario
This work item started initially at RAN4#107 in Incheon in May 2023, with the WF captured and presented in [8].
In this paper, we present Nokia’s view on the impact of non-colocated FR1 intra-band EN-DC/NR-CA demodulation requirements, specifically focusing on the open issues of channel modelling, reference signals, and specification impact.


Discussion
Status after RAN4#107
In RAN4#107, RAN4 had good agreement to define requirements for non-colocated UE demodulation where there is one captured open issue as follows:
	Test method for Type 2 UE demodulation requirements
Way forward:
· For NR-CA measure both PCell and SCell at same time. 
· Channel model: AWGN 
· FFS for Test criteria: Reuse X% of the maximum throughput
· FFS for How to select MCS for each carrier
Interested companies are encouraged to propose test methods of UE demodulation requirements for NR-CA to verify Type 2 UE features.



We remind RAN4 that only Type 2 UEs will be considered for demodulation requirements, where type 2 UEs are representative of doubling up on classic baseline 2x2 front end and base band architectures:
	UE Type
	CC#
	antenna / LNA
	Mixer
	Analog BB
	#Rx
	NRCA / ENDC
	power imbalance
	Comments

	2
	1 (NR)
	2
	2
	2
	2Rx
	NR-CA
EN-DC
	25dB
full range
	Reuse of baseline architecture restricted to 2Rx/band but need 2LO frequencies

	
	2 (LTE/NR)
	2
	2
	2
	2Rx
	
	
	


Figure 1: UE architecture summary from [R4-2305181]

Following the fundamental agreements on whether to define requirements, of what type and what UE type, it remains now to define the details, such as exact channel modelling, full configuration assumptions (e.g., reference signals), and specification impact in general.


Propagation conditions
In RAN4#107 two explicit agreements concerning the channel were made:
	Test setup for Type 2 UE demodulation requirements
Agreement:
· Assume the power difference of 25dB and received time difference of 33us under the assumption that requirements introduced under static channel.

Test method for Type 2 UE demodulation requirements
Way forward:
· Channel model: AWGN 
 



These agreements point towards an intend to match the channel model previously used in carrier aggregation with power imbalance minimum performance requirements from [4] and extracted below for ease:
	Table 5.2A.2.2-2: Test parameters
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD and TDD

	Active DL BWP index
	
	1

	Propagation condition
	
	Static propagation condition
No external noise sources are applied

	Antenna configuration
	
	1x2

	PDSCH configuration
	Length (L)
	
	FDD: 12TDD: 12 for DL slot, 4 for special slot

	
	PRB bundling size
	
	WB

	Modulation and code rate
	
	64QAM, MCS 26

	Number of HARQ Processes
	
	FDD: 4
TDD: 8

	Maximum number of HARQ transmission
	
	1

	Redundancy version coding sequence
	
	{0}

	TDD UL-DL pattern
	
	30kHz SCS: FR1.30-1

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	As defined in Table A.1.2-2 for FR1.30-1

	PUCCH format for HARQ-ACK feedback
	
	PUCCH format 1

	Overhead for TBS determination
	
	0

	SSB transmission
	
	Slot#0 with periodicity 20ms

	RB assignment
	
	Full applicable test bandwidth as defined in Table 5.3.5-1 of TS 38.101-1 [6]


 



However, a static propagation condition without external noise source, is not a classical AWGN channel, as the additional noise is added by the actual REFSENS of the UE under test, which is not specified in the requirement. Thus, resulting in differing effective baseband SNR values for each DUT.
Due to these potentially contradicting agreements from RAN4#107, we would like to clarify whether the propagation condition is either intended to be modeled as “static propagation condition with no external noise sources applied” or “static propagation condition with external AWGN source and RAN5 specified power density”.
[bookmark: _Toc142655542]Agreements in RAN4#107 are unclear whether the propagation condition is intended to be “static propagation condition with no external noise sources applied”, or “static propagation condition with external AWGN source with RAN5 specified power density”.

We slightly prefer the propagation condition to be understood as “static propagation condition with no external noise sources applied”, as it will allow easy configuration of the receive power imbalance in the requirements test parameters.
Furthermore, such a test setup enables us to understand the potential performance impact from the residual power imbalance per CC seen between each BB receiver, which can stem from potential baseband gain control and normalization for different UE implementations (e.g., two independent GCs, vs., common GC, vs., none).
However, it is also possible to two (PCell and SCell) SNR levels to configure power imbalance, if we additionally require the RAN5 noise power density to be equal for all CCs and we are willing to accept SNR values in the >40dB range for the stronger cell.
[bookmark: _Toc142655543]RAN4 to clarify that propagation conditions are to be modelled as static propagation condition with no external noise sources applied”.


Reference signals
One issue that has not yet been considered in NonCol CA demod discussions, is the configuration of reference signals on the CCs, i.e., on PCell and SCell(s).
It is straightforward to agree that the TOE/FOE and TOC/FOC (time/frequency offset estimation/compensation) performance, and thus the demodulation performance, is very dependent on the reference signals configured. The residual TO/FO after TOC/FOC is a strong indicator of final demodulation performance.
Thus in particular for NonCol scenarios, where TOE/FOE cannot be re-used between PCell and SCell(s), the performance of SSBless Scell(s) (UE capability scellWithoutSSB), would be heavily compromised. It is not straightforward to say if TRS might remedy the situation, as the capture range of the TRS based algorithms might not be enough to bridge the gap between the initial TO/FO of PCell and SCell(s).
[bookmark: _Toc142655544]For NonCol scenarios the performance of SSBless Scell(s) is heavily compromised.
For this reason, SSBless operation is not a desirable configuration of the NonCol network.
For intra-band NR-CA/EN-DC, only co-located deployment has been assumed for specifying the RRM requirements till R17. SSB-less operation is considered as feasible only for intra-band co-located scenario, and a list of side conditions needs to be fulfilled e.g. receive time difference, power difference etc. When the non-collocated scenario is studied in R18, it is unlikely to achieve 260ns RTD hence SSB-less operation shall not be configured on the SCell [5]:
	8.3.2	SCell activation delay requirement
If the SCell being activated belongs to FR1 and if there is at least one active serving cell contiguous to the SCell on that FR1 band, if the UE is not provided with SSB configuration (absoluteFrequencySSB) nor SMTC configuration for the target SCell, Tactivation_time is 3 ms for UE supporting scellWithoutSSB, provided
-	The RTD between the target SCell and the contiguous active serving cell is within within ±260ns, and 
-	The difference of the reception power with the contiguous active serving cell is <= 6dB, and 
-	The RS(s) of SCell being activated is (are) QCL-TypeA with TRS(s) of the SCell being activated, and the TRS(s) of the SCell being activated is (are) further QCL-TypeC with SSB(s) of any active serving cell that is contiguous to the SCell being activated on that FR1 band. 
 



This is summarized in the following observation:
[bookmark: _Toc142655545]RRM Assumptions preclude the use of SSB-Less scenarios for demodulation in NonCol CA.

This ultimately leads us to the following proposal about reference signal configurations:
[bookmark: _Toc142655546]RAN4 to configure both TRS and SSB in all PCell and SCell(s) for demodulation requirements.

Corresponding CSI-RS for tracking and TCI states configurations will need to be agreed.
[bookmark: _Toc142655547]RAN4 to re-use Rel-15 PDSCH requirements common configurations for TRS and TCI states.


MCS, MRTD, Scell KPI, power levels
In this section we will discuss consideration on MCS, MRTD, Scell TPUT, and absolute power levels in an accelerated format.

(M)RTD configuration
It was previously agreed that 33us RTD are to be used in demodulation requirements.
Such a RTD between PCell and SCell(s) can directly be configured as a common test parameter, and the demodulation performance will then depend on the residual TO/FO after the device has used the configured reference signals to properly align the separate FFT windows and FOC facilities.
[bookmark: _Toc142655548]RAN4 to configure 33us RTD between PCell and SCell(s) as a common test parameter.

Absolute power levels
When checking the absolute power levels chosen in carrier aggregation with power imbalance minimum performance requirements [4], we wonder if there is a typo present in the units:
	Table 5.2A.2.2-3: Minimum performance for FDD CA with 15 kHz SCS
	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port (dBm/Hz)
	Reference value
Fraction of Maximum
Throughput (%)

	
	PCell
	SCell
	PCell
	SCell
	
 for PCell
	
 for Scell
	PCell
	SCell

	1
	Selected Channel bandwidth as per section 5.1.1.6 
	Derived as per section 5.1.3.2 of TS 38.214 [12]
	NA
	-112
	-106
	85
	NA


 


A value of -106dBM/Hz/antenna port would translate into -36dBm/antenna port for 10 MHz bandwidth, which is significantly higher than typical UE REFSENSE values of around -97dBm for 10MHz channels [38.101-1]:
	Table 7.3.2-1a: Two antenna port reference sensitivity QPSK REFSENS for FDD bands
[image: ]
 


Hence, the effective baseband SNR values in “static propagation condition with no external noise sources applied”, when excluding consideration about antenna ports, would be around (97-36=) 61dB SNR for SCell and 55dB for PCell, which seems excessive.
However, if we assume the absolute power definitions to be per SCS, i.e., -106 dBm/15kHz/antenna port, then we arrive at the more reasonable numbers of -78dBm/antenna port for 10 MHz bandwidth and around (97-78=) 19dB SNR for SCell.
We hope some delegates from the previous in carrier aggregation with power imbalance minimum performance requirements work, can shed some light on this potential typo.
[bookmark: _Toc142655549]The absolute power levels chosen in the legacy carrier aggregation with power imbalance minimum performance requirements, seem excessively high and correspond to >60dB baseband SNR.

We furthermore propose to re-use the PCell power definition of the previous power imbalance CA requirements work (potentially a corrected version of it) and increase SCell power by 25dB in the test setup.
[bookmark: _Toc142655550]RAN4 to adopt the PCell power operating point from prior power imbalance CA requirements and increase SCell power by 25dB in the test setup.

PCell and SCell KPI
Like the prior carrier aggregation with power imbalance minimum performance requirements the NonCol case the PCell is the most performance challenged part of the setup, as the is stronger SCell and carries a timing error in the proposed test configures and may, thus, be noticeably interfering with the PCell.
As such it may be sufficient to only set a KPI for the PCell, and given the static propagation environment, a substantial relative TPUT margin shall be achievable.
[bookmark: _Toc142655551]RAN4 to define >85% TPUT as KPI for PCell only.

MCS
As the non-colocated work item indicates deployment of a UE in a benign RF environment and the propagation condition is chosen as static, it is feasible for a high MCS to be reached, therefore we propose to use MCS 26 for the requirements definition for non-colocated.
[bookmark: _Toc142655552]A benign multi-path environment and static propagation conditions allow for a higher MCS to be used.
[bookmark: _Toc142655553]RAN4 shall use MCS 26 (table 1) to define demodulation performance requirements, if KPI is only defined on PCell.
If KPIs are defined on both PCell and SCell, then it might become necessary to use two MCS values, with a lower one for the weaker cell. This would require the assumption that we would not be saturating the base band SNR for both cells.


Minimum performance requirements 
Based on previously used in carrier aggregation with power imbalance minimum performance requirements [4], with adaptations as per the previous discussion and agreements. I.e.,
	X.X.X.X: Minimum requirements for non-colocated carrier aggregation

The performance requirements are specified in Table X and Table X, with the addition of test parameters in Table X and the downlink physical channel setup according to Annex C.3.1.
The test purposes are specified in Table X.

Table X: Tests purpose
	Purpose
	Test index

	Verify the ability of a non-colocated, intra-band, non-contiguous, carrier aggregation UE to demodulate the signal transmitted by the PCell or SCell in the presence of a stronger SCell or PCell signal on an adjacent frequency and large receive time differences. Throughput is measured only on the PCell.
	



Table X: Test parameters
	Parameter
	Unit
	Value

	Duplex mode
	
	FDD and TDD

	Active DL BWP index
	
	1

	Propagation condition
	
	Static propagation condition
No external noise sources are applied

	Antenna configuration
	
	1x2

	PDSCH configuration
	Length (L)
	
	FDD: 12TDD: 12 for DL slot, 4 for special slot

	
	PRB bundling size
	
	WB

	Modulation and code rate
	
	MCS 26 (table 1)

	Number of HARQ Processes
	
	FDD: 4
TDD: 8

	Maximum number of HARQ transmission
	
	1

	Redundancy version coding sequence
	
	{0}

	TDD UL-DL pattern
	
	30kHz SCS: FR1.30-1

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	As defined in [Table A.1.2-2 for FR1.30-1]

	PUCCH format for HARQ-ACK feedback
	
	PUCCH format 1

	Overhead for TBS determination
	
	0

	SSB transmission (common for all serving cells)
	
	Slot#0 with periodicity 20ms

	CSI-RS for tracking 
	
	TBD

	TCI states
	
	TBD

	RB assignment
	
	Full applicable test bandwidth as defined in Table 5.3.5-1 of TS 38.101-1 [6]

	Receive time difference
	
	33us



Table X: Minimum performance for FDD CA with 15 kHz SCS
	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port (dBm/Hz)
	Reference value
Fraction of Maximum
Throughput (%)

	
	PCell
	SCell
	PCell
	SCell
	
 for PCell
	
 for Scell
	PCell
	SCell

	1
	Selected Channel bandwidth as per section 5.1.1.6 
	Derived as per section 5.1.3.2 of TS 38.214 [12]
	n/a
	-112
	-87
	85
	n/a



Table 5X: Minimum performance for TDD CA with 30 kHz SCS
	Test Number
	Bandwidth (MHz)
	Reference channel
	Power at antenna port (dBm/Hz)
	Reference value
Fraction of Maximum
Throughput (%)

	
	PCell
	SCell
	PCell
	SCell
	
 for PCell
	
 for Scell
	PCell
	SCell

	2
	
	
	
	
	
	








RAN4 to use the above TP as basis for a new minimum requirements section for non-colocated carrier aggregation.


[bookmark: _Toc116995848]Conclusion
Within this contribution we discuss the demodulation requirements for non-colocated FR1 intra-band EN-DC/NR-CA. 
Specifically, in the paper, the following Observations and Proposals were made:
2.2	Propagation conditions
Observation 1: Agreements in RAN4#107 are unclear whether the propagation condition is intended to be “static propagation condition with no external noise sources applied”, or “static propagation condition with external AWGN source with RAN5 specified power density”.
Proposal 1: RAN4 to clarify that propagation conditions are to be modelled as static propagation condition with no external noise sources applied”.
2.3	Reference signals
Observation 2: For NonCol scenarios the performance of SSBless Scell(s) is heavily compromised.
Observation 3: RRM Assumptions preclude the use of SSB-Less scenarios for demodulation in NonCol CA.
Proposal 2: RAN4 to configure both TRS and SSB in all PCell and SCell(s) for demodulation requirements.
Proposal 3: RAN4 to re-use Rel-15 PDSCH requirements common configurations for TRS and TCI states.
2.4	MCS, MRTD, Scell KPI, power levels
Proposal 4: RAN4 to configure 33us RTD between PCell and SCell(s) as a common test parameter.
Observation 4: The absolute power levels chosen in the legacy carrier aggregation with power imbalance minimum performance requirements, seem excessively high and correspond to >60dB baseband SNR.
Proposal 5: RAN4 to adopt the PCell power operating point from prior power imbalance CA requirements and increase SCell power by 25dB in the test setup.
Proposal 6: RAN4 to define >85% TPUT as KPI for PCell only.
Observation 5: A benign multi-path environment and static propagation conditions allow for a higher MCS to be used.
Proposal 7: RAN4 shall use MCS 26 (table 1) to define demodulation performance requirements, if KPI is only defined on PCell.
[bookmark: _Toc116995849]2.5	Minimum performance requirements
Proposal 8: RAN4 to use the above TP as basis for a new minimum requirements section for non-colocated carrier aggregation.
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Operating band / SCS / Channel bandwidth

Operating | SCS 5 10 15 20 25 30 35 40 45 50
Band KHz MHz MHz MHz MHz MHz MHz MHz MHz MHz MHz
(dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm) | (dBm)
15 | -100.0 | -96.8 | -95.0 | -938 | -927 | -91.9 -906 | -90.1 -89.6
n1 30 -97.1 -95.1 -940 | -928 | -92.0 -90.7 | -90.2 -89.7
60 -975 | -954 | -942 | -93.0 | -921 -90.9 | -90.3 -89.7
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