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Introduction
A Rel-18 WI on support of intra-band non-collocated EN-DC/NR-CA was approved in [1]. The following scopes are included for Phase 1 study.
· 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
· 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
NOTE 1: For UE capable of supporting 2-layer MIMO, only assuming power imbalance 25dB 
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























This contribution will present our consideration for intra-band non-co-located CA for band 42/n78/n77.
Discussion
background on power imbalance
In Rel-16, demodulation requirement for PDSCH was introduced based on 6dB power imbalance between CCs for the following scenarios [2]. To support these scenarios, common RF implementation can be used to cover both CCs as indicted in [3]
· Intra-band contiguous CA
· Inter-band contiguous EN-DC
· Inter-band non-contiguous EN-DC

Further in Rel-17, 25dB power imbalance was proposed by operator for inter-band non-co-located EN-DC scenario. It comes from the situation that the spectrum allocation to operator is in a phased manner which may result in unfeasible co-location condition for the later released spectrum. Another factor is that the different blocks may facing different co-existence issue with incumbent service (e.g. satellite service) and different RRU fulfilling different requirement may be needed. As discussed extensively in Rel-17, it is not possible to support such scenario with common RF implementation for such difficult scenario. 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. UE capabilities are reported for network to distinguish different type of UE with different requirements. And the type 2 UE only support 2Rx for n77/n78 operating in such difficult EN-DC combination. 
	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



Consideration on intra-band non-co-located CA
For intra-band non-co-located CA, 25dB was also agreed in the WI [1]. If this power imbalance assumption will be reused for intra-band non-co-located CA, it is natural to say that this is not what a normal UE with common RF can cover as well. Separate RF chain implementation is needed to process signals on the non-co-located CCs. It is not only cost ineffective. Even with separate RF chain, it may also have obvious performance degradation which deserves further evaluation.
According to the pathloss model (reproduced below) for urban macro in 38.901 and 35m minimum distance between BS and UE, the calculated inter-site distance corresponding to 25dB imbalance is ~500m, which is the typical inter site distance between uncoordinated operators in urban area. However, our understanding is that it’s not reasonable to use inter-operator uncoordinated assumptions for operators intending to deploy their own bands for NC CA. The operator can choose to locate the BSs much closer than 500m. 
PL=28.0+22log10(d3D)+20log10(fc)
According to the pathloss model, a calculation is also done for the mapping between power/imbalance/inter-site distance/arrival of time difference is given in table 2.2-1.
Table 2.2-1 power imbalance v.s. arrival of time difference
	Power imbalance (dB)
	Inter-site distance (m)
	Arrival of time difference (us)

	6
	65
	0.22 + 3 us

	10
	99
	0.33 + 3 us

	15
	168
	0.56 + 3 us

	20
	283
	0.94 + 3 us

	25
	479
	1.6 + 3 us

	Note: 3us corresponds to the maximum TAE for intra-band CA or cell phase synchronization requirement between BSs. It could be much smaller if GNSS is used for BS synchronization.



Proposal 1: Consider 25dB power imbalance as the starting point for intra-band non-co-located CA and further check the performance degradation.
· It’s more preferred to reduce the power imbalance value to a reasonable level.

Proposal 2: If 25dB power imbalance has to be kept for CA case, we should also give UE the freedom on whether to supporting such case or not. E.g.
· Consider introducing UE capability to differentiate UE supporting different requirements (implicitly corresponding to different implementation), and,
Impact of MIMO layers
The WI says that it should focus on 2 MIMO layer case at first and 4 MIMO layer case should be studied further. We think power imbalance is specified between CCs without relation to MIMO layer. MIMO layer is reported on per CC basis by UE. Hence the same power imbalance should be considered for both 2 MIMO layer case and 4 MIMO layer case. 
Observation: Power imbalance is defined between carriers which is not related to the supported MIMO layers on each CCs.
Summary
This contribution presented our consideration on supporting for intra-band non-co-located CA. The following proposals and observations are concluded.
Proposal 1: Consider 25dB power imbalance as the starting point for intra-band non-co-located CA and further check the performance degradation.
· It’s more preferred to reduce the power imbalance value to a reasonable level.

Proposal 2: If 25dB power imbalance has to be kept for CA case, we should also give UE the freedom on whether to supporting such case or not. E.g.
· Consider introducing UE capability to differentiate UE supporting different requirements (implicitly corresponding to different implementation), and,

Observation: Power imbalance is defined between carriers which is not related to the supported MIMO layers on each CCs.
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