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1	Introduction
Previous RAN agreed a new WID on support of intra-band non-collocated EN-DC/NR-CA deployment with following objectives

· 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 with supporting the UE capability of interBandMRDC-WithOverlapDL-Bands-r16 already specified in Rel-16 and Rel-17.
· Investigate the tolerable power imbalance between carriers
· Investigate the required arrival time difference between CCs
· [bookmark: _Hlk105539516]Investigate the additional impacts of contiguous case, if time units are available.  
· 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
· [bookmark: _Hlk105539888]NOTE 1: For UE capable of supporting 2-layer MIMO, only assuming power imbalance 25dB
· [bookmark: _Hlk105540074][bookmark: _Hlk105538972]NOTE 2: For UE capable of supporting 4-layer MIMO, 2-layer MIMO power imbalance assumption can be considered as a base line but another value or the same power imbalance with different throughput performance requirement is not precluded.
· NOTE 3: RAN4 is recommended to start the work on 2-layer first and after that start 4-layer work based on the conclusion of 2-layer work.
· 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
· 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.

Currently non-collocated deployment possibility is only defined for two DC combinations DC_42_n77 and DC_42_n78 and the purpose of this WI is to extend non-collocated deployment possibilities to FR1 intra-band non-contiguous EN-DC/NR-CA with up to 4-layer MIMO

2	Discussion
2.1	Background
As was stated in previous paragraph currently non-collocated deployment is defined only for two EN-DC band combinations listed in table below from [2] with associated notes
	EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)

	DC_42A_n77A3,4,9,11
DC_42A_n77C3,4,9,11
DC_42C_n77A3,4,9,11
DC_42C_n77C3,4,9,11
DC_42D_n77A3,4,9,11
DC_42D_n77C
DC_42E_n77A3,4,9,11
DC_42E_n77C
	N/A

	DC_42A_n77(2A)3,4,9,11
DC_42C_n77(2A)3,4,9,11
	N/A

	DC_42A_n78A3,4,9,11
DC_42A_n78C3,4,9,11
DC_42C_n78A3,4,9,11
DC_42C_n78C3,4,9,11
DC_42D_n78A3,4,9,11
DC_42D_n78C3,4,9,11
DC_42E_n78A3,4,9,11
DC_42E_n78C3,4,9,11
	N/A

	NOTE 3: 	The minimum requirements apply only when there is non-simultaneous Tx/Rx operation between E-UTRA and NR carriers. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.
NOTE 4: 	For UEs not indicating interBandMRDC-WithOverlapDL-Bands-r16, the minimum requirements for intra-band non-contiguous EN-DC apply for the Band 42/48 and Band n77/n78 combination. For UEs not indicating interBandMRDC-WithOverlapDL-Bands-r16, when UE capability interBandContiguousMRDC is indicated, the minimum requirements for intra-band-contiguous EN-DC also should be met in addtion to intra-band non-contiguous EN-DC. The intra-band requirements also apply for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.
NOTE 9:	The combination is not used alone as fall-back mode of other band combinations in which UL in Band 42 or Band 48 is not used.
NOTE 11:	For UEs not indicating interBandMRDC-WithOverlapDL-Bands-r16, the minimum requirements for inter-band EN-DC apply when the maximum power spectral density imbalance between downlink carriers is within 6 dB. For UEs indicating interBandMRDC-WithOverlapDL-Bands-r16, the power imbalance requirement defined in clause 7.6B.2.6 apply. For these UEs, the power spectral density imbalance condition also applies for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.



UE capabilities in notes are described in [3]
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).
interBandContiguousMRDC
Indicates for an inter-band (NG)EN-DC/NE-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]), that the UE supports intra-band contiguous (NG)EN-DC/NE-DC requirements (see TS 38.101-3 [4]). If the field is absent for such an inter-band (NG)EN-DC/NE-DC combination, the UE supports intra-band non-contiguous (NG)EN-DC/NE-DC requirements.
As we can see from notes and explanation from [3] even though the combinations are interband configurations intraband EN-DC requirements are applied as intraband UE architecture is assumed (Type 1 UE). Latest REL17 progress to enable non-collocated operation was that Type 2 UE requirements were developed for in-band blocking, from [2] clause 7.6B.2.6
Power imbalance requirement only for band combination of type 2 UE which is indicated by capability interBandMRDC-WithOverlapDL-Bands-r16 is a measure of a receiver’s ability to receive LTE and NR signals with 25dB power imbalance.
Hence type 2 UEs can tolerate much larger power imbalance than type 1 UEs.
2.2 	REL18 work
As stated in WID during phase 1 RAN4 should 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.
RAN4 needs to discuss the achievable power difference. For UEs supporting 2-layer MIMO REL17 power imbalance 25dB is assumed. For UE supporting 4-layer MIMO, 2-layer MIMO REL17 power imbalance assumption can be considered as a base line but another value or the same power imbalance with different throughput performance requirement is not precluded.
Although for 2-layer MIMO the REL17 EN-DC power imbalance is assumed to be reused the REL18 use case is NR-CA therefore there is a need to introduce UE type 2 requirements for 38.101-1 in addition to 38.101-3. It would be attractive to reuse EN-DC type 2 UE requirement structure as defined in clause 7.6B.2.6 of [2]. If RAN4 agrees to re-use type 2 UE requirement structure from [2] into NR-CA then work on 4-layer MIMO can start. 
************************** Type 2 UE requirements in 38.101-3 ********************************
[bookmark: _Toc76720484][bookmark: _Toc76719964][bookmark: _Toc76454544][bookmark: _Toc67938938][bookmark: _Toc61376658][bookmark: _Toc61376246]7.6B.2.6	Power imbalance for type 2 UE of inter-band EN-DC with overlapping DL bands
Power imbalance requirement only for band combination of type 2 UE which is indicated by capability interBandMRDC-WithOverlapDL-Bands-r16 is a measure of a receiver’s ability to receive LTE and NR signals with 25dB power imbalance. For these test parameters in table 7.5B.6-1, the throughput shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.3.2, and A.3.3 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1).
Table 7.6B.2.6-1: Test parameters for FDD-FDD or TDD-TDD inter-band EN-DC operation with overlapping or partially overlapping DL bands
	Test configurations
	Carriers
	Rx Power in transmission bandwidth configuration (dBm)
	channel bandwidth
	Frequency relationship
(Center of BWanother Relative to edge of BWwanted)

	1
	Wanted carrier
	REFSENS + 1
	BWwanted ≤ BWanother
	< max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	

	2
	Wanted carrier
	REFSENS + 1
	BWwanted > BWanother
	

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25 – 10*log10(BWwanted /BWanother)
	
	

	3
	Wanted carrier
	REFSENS + 1
	NA
	≥ max (5/2* BWanother, 50MHz)

	
	Another carrier with overlapping DL bands
	Power of wanted carrier + 25
	
	



************************** Type 2 UE requirements in 38.101-3 ********************************
3	Conclusion
Although for 2-layer MIMO the REL17 EN-DC power imbalance is assumed to be reused the REL18 use case is NR-CA therefore there is a need to introduce UE type 2 requirements for 38.101-1 in addition to 38.101-3. It would be attractive to reuse EN-DC type 2 UE requirement structure as defined in clause 7.6B.2.6 of [2]. If RAN4 agrees to re-use type 2 UE requirement structure from [2] into NR-CA then work on 4-layer MIMO can start. 
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