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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN plenary #95 a new WI was approved, Support of intra-band non-collocated EN-DC/NR-CA deployment [1]. In this tdoc we discuss required arrival time difference between CCs.
2	Discussion
In the WID [1] it is stated:
	· ...
Phase I:
· Study the feasibility to support non-co-located scenario for FR1 intra-band non-contiguous EN-DC/NR-CA except for 2-layer case of EN-DC already specified in Rel-16 and Rel-17.
· Investigate the tolerable power imbalance between carriers
· Investigate the required arrival time difference between CCs
· Evaluate the UE performance under the power imbalance and arrival time difference
· Discuss and decide reference UE architecture considering the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 for 2-layer MIMO case for NR-CA, and 4-layer MIMO case for both EN-DC/NR-CA
· Work is limited to CA/EN-DC for EN-DC/NR-CA for bands 42, n77/n78
· Investigate whether the power imbalance should be explicitly (e.g. as an RF requirement) or implicitly specified (e.g. through a demodulation performance test). Specify the power imbalance based on the outcome of the investigation.
· If any change in RAN1 or RAN2 spec is needed, it will be triggered by RAN4 LS
· NOTE: Revisit whether or not to study the feasibility for support of 4Rx chains with up to 4-layer MIMO at RAN#97. This 4-layer is only for DL in Rel-18.
· NOTE: Revisit whether or not to study the technical solutions can be applied to EN-DC case regardless of band contiguity at RAN#97. 
· Phase II: 
· Phase II work will get started after the feasibility in phase I is confirmed
· Specify MRTD and MTTD requirements in non-collocated deployment
· Discuss and decide if the different requirements will be specified based on UE capability of interBandMRDC-WIthOverlapDL-Bands-r16.
...



In this contribution we investigate the required arrival time difference between CCs, for FR1 intra-band non-contiguous EN-DC/NR-CA.
2.1	The baseline in rel-17 LTE and NR
[bookmark: _Hlk106798129]In NR up to and including release-17 intra-band non-contiguous EN-DC/NR-CA is collocated.
	...
7.6.3	Minimum Requirements for intra-band EN-DC
For intra-band EN-DC, only co-located deployment is applied.
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.2-1 for E-UTRA FDD-NR FDD intra-band EN-DC provided the UE indicates that it is capable of asynchronous EN-DC operation [2].
The UE shall be capable of handling at least a relative receive timing difference between subframe timing of signal from a E-UTRA cell belonging to the MCG and slot timing of signal from a cell belonging to the SCG as shown in Table 7.6.3-1 for E-UTRA FDD-NR FDD and E-UTRA TDD-NR TDD intra-band EN-DC provided the UE does not indicate that it is capable of asynchronous FDD-FDD EN-DC operation [16]. 
Table 7.6.3-1 Maximum receive timing difference requirement for intra-band synchronous EN-DC
	Sub-carrier spacing of E-UTRA cell in MCG (kHz)
	DL Sub-carrier spacing of cell in SCG (kHz) Note1
	Maximum receive timing difference (µs)

	15
	15
	3

	15
	30
	3

	15
	60
	3

	NOTE 1:	DL Sub-carrier spacing is min{SCSSS, SCSDATA}.


...
7.6.4	Minimum Requirements for NR Carrier Aggregation
For intra-band CA, only co-located deployment is applied. For intra-band non-contiguous NR carrier aggregation, the UE shall be capable of handling at least a relative receive timing difference between slot timing of different carriers to be aggregated at the UE receiver as shown in Table 7.6.4-1 below.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1:	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.






In LTE up to and including release-17 intra-band non-contiguous is allowed to be non-colocated.
	...
[bookmark: _Toc20403415][bookmark: _Toc29372921][bookmark: _Toc37760886][bookmark: _Toc46499127][bookmark: _Toc52491440][bookmark: _Toc101308042]J.1	Deployment Scenarios
Table J.1-1 shows some of the potential deployment scenarios for CA. In Rel-10, for the uplink, the focus is laid on the support of intra-band carrier aggregations (e.g. scenarios #1, as well as scenarios #2 and #3 when F1 and F2 are in the same band). Scenarios related to uplink inter-band CA are supported from Rel-11. For the downlink, all scenarios should be supported in Rel-10.
Table J.1-1: CA Deployment Scenarios (F2 > F1).
	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
	


	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	


	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenarios are both when F1 and F2 are DL non-contiguous carrier on the same band, e.g., 1.7 GHz, etc. and F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	


	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
	




The reception timing difference at the physical layer of DL assignments and UL grants for the same TTI but from different serving cells (e.g. depending on number of control symbols, propagation and deployment scenario) does not affect MAC operation. A UE should cope with a relative propagation delay difference up to 30 s among the component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. This implies that a UE should cope with a delay spread of up to 30.26 s among the component carriers monitored at the receiver, since the BS time alignment is specified to be up to 0.26 s. This also implies that the UE should cope with a maximum uplink transmission timing difference between TAGs of 32.47s for inter-band carrier aggregation with multiple TAGs.
When CA is deployed frame timing and SFN are aligned across cells that can be aggregated.
...



Observation 1: In NR up to and including release-17 intra-band non-contiguous EN-DC/NR-CA is collocated.
Observation 2: In LTE up to and including release-17 intra-band non-contiguous is allowed to be non-colocated. A UE should cope with a relative propagation delay difference up to 30 µs among the component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. 
In NR DC we have a total time budget for the MRTD. The MRTD is the sum of the TAE at BS TX and the  difference at UE RX. 

TAE


We have:


A total budget is preferred, i.e., to specify an MRTD value. This gives flexibility in the network in terms of balancing TAE at the sites and desired . If TAE is larger it can be compensated with smaller  ∆RF_propagation and vice versa.
[bookmark: _Hlk106802271]Observation 3: NR DC has a total time budget. If TAE is larger it can be compensated with smaller   and vice versa.
It is not reasonable to have very tight TAE for non-colocated operation, whilst allowing the UE to move around, creating large . We must have a balanced set of requirements
Proposal 2: Let MRTD be the total budget to be managed freely. This means that there is no need to specify TAE for intra-band non-collocated EN-DC/NR-CA
In [2] Apple state the existing Type 2 UE capability, interBandMRDC-WithOverlapDL-Bands-r16, where “New RF requirement on REFSENS [4] for one wanted carrier in the presence of 25dB higher wanted signal on another carrier was introduced to test the UE supporting separate RF”.
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	interBandMRDC-WithOverlapDL-Bands-r16
Indicates the UE supports FDD-FDD or TDD-TDD inter-band (NG)EN-DC/NE-DC operation with overlapping or partially overlapping DL bands with an (NG)EN-DC/NE-DC MRTD according to clause 7.6.2/7.6.5 in 38.133 [5] and inter-band RF requirements (i.e Type 2 UE). If the capability is not reported, the UE supports FDD-FDD or TDD-TDD inter-band operation with overlapping or partially DL bands with (NG)EN-DC/NE-DC MRTD<3us according to clause 7.6.3 in 38.133 [5] and intra-band RF requirements (i.e. Type 1 UE).
	BC
	No
	N/A
	FR1 only



Observation 4: For a Type 2 UE with interBandMRDC-WithOverlapDL-Bands-r16 capability, 25 dB is used to derive minimum requirements, wilst keeping MRTD according to 7.6.2/7.6.5 in TS 38.133, ie 33 µs. 
Also in [2] the UMa LOS model from [3] is used to derive what 25 dB means in terms of site to site distance, where  is the distance in meters from BS mast to UE antenna and  is frequency in GHz. 


If one use , then D ≈ 500 m, for the example bands in WI.

Observation 5: For this WI, a 25 dB power imbalance can be used for derivation of minimum requirements, but MRTD of 500 meters would restrict deployment for operators.
Proposal 1: Set MRTD for intra-band non-collocated EN-DC/NR-CA the same as for LTE, or NR CA inter band, or NR DC synchronous inter band, i.e., around 30 µs.
.
3	Summary
Observation 1: In NR up to and including release-17 intra-band non-contiguous EN-DC/NR-CA is collocated.
Observation 2: In LTE up to and including release-17 intra-band non-contiguous is allowed to be non-colocated. A UE should cope with a relative propagation delay difference up to 30 µs among the component carriers to be aggregated in both intra-band non-contiguous and inter-band non-contiguous CA. 
Observation 3: NR DC has a total time budget. If TAE is larger it can be compensated with smaller   and vice versa.
Observation 4: For a Type 2 UE with interBandMRDC-WithOverlapDL-Bands-r16 capability, 25 dB is used to derive minimum requirements, wilst keeping MRTD according to 7.6.2/7.6.5 in TS 38.133, ie 33 µs. 
Observation 5: For this WI, a 25 dB power imbalance can be used for derivation of minimum requirements, but MRTD of 500 meters would restrict deployment for operators.
Proposal 1: Set MRTD for intra-band non-collocated EN-DC/NR-CA the same as for LTE, or NR CA inter band, or NR DC synchronous inter band, i.e., around 30 µs.
Proposal 2: Let MRTD be the total budget to be managed freely. This means that there is no need to specify TAE for intra-band non-collocated EN-DC/NR-CA.
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