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Introduction
During Rel-16 and Rel-17, non-collocated EN-DC was introduced for type-2 UEs, which indicate interBandMRDC-WithOverlapDL-Bands-r16 IE in their UE capabilities [1]. For Rel-18, it was decided in RAN 96 meeting to support non-collocated intra-band non-contiguous scenarios for EN-DC/NR CA with overlapping DL bands (B42, n77 and n78) for 2x2 and 4x4 DL MIMO configurations[2]. In [3] and [4], 25 dB of power imbalance for type-2 UEs with interBandMRDC-WithOverlapDL-Bands-r16 capability was proposed which is also agreed for the Rel-18 WID[2].
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Figure 1 B42, n77, n78 frequency bands

As the scope of the corresponding WID is large, this contribution, focuses only the case of 2x2 DL MIMO MR-DC. a specific UE capability will be proposed for the NR-CA case and the UE architecture will be discussed
UE capability
Till now EN-DC capable UEs are distinguished as type-1 and type-2 UEs depending on their PSD imbalance limits and their MRTD support. As in Rel-18, intra-band non-contiguous non-collocated NR CA is also of interest, we propose to have a similar UE types for NR CA, too.  
Proposal 1: Introduce type-1 and type-2 UE configurations for intra-band non-contiguous non-collocated NR CA as it was requested for MR-DC in Rel-16
The WID could induce some confusion because it is about intra-band non-contiguous EN-DC/NR CA, however it refers type-2 UE with the interBandMRDC-WithOverlapDL-Bands-r16 capability, as the baseline of the current studies. In [5] Softbank mentioned its allocated spectrum on band 77. As LTE band 42 has no NR counterpart, the NR CA application would be possible, simply, via CA_n77(2A) without any need of a DL overlapping band. The same is also valid if an operator is allocated with only n78 spectrum. Hence, to include the intra-band non-contiguous non-collocated NR CA use cases, we suggest to add a new UE capability, intraBandNonContiguousMRDC-NRCA-NonCollocated-r18, which indicates the UEs that support intra-band NR CA configurations (and MRDC) for non-collocated scenarios, starting Rel-18. On the other hand, introducing a new UE capability might not be of interest for UE vendors, hence, another solution could be to re-purpose the interBandMRDC-WithOverlapDL-Bands-r16 for the case of intra-band non-collocated scenario. Of course some confusions can be caused because of the naming of this UE capability (inter-band) but it avoids excessive effort on RAN2, as well as, on UE vendors.
Proposal 2: Two methods are possible to introduce intra-band non-collocated MRDC/NR CA behavior via UE capabilities
2-1- Add a new UE capability, intraBandNonContiguousMRDC-NRCA-NonColocated-r18 , which indicates the UEs that support intra-band non-contiguous non-collocated NR CA, starting Rel-18
2-2- Request RAN2 to update the interBandMRDC-WithOverlapDL-Bands-r16 UE capability description, in order to include the intra-band non-contiguous MRDC/NR CA, starting Rel-18
 
UE Architecture
B42 is completely included in n77/n78 bands. Any n77/n78 Tx on the overlapping frequency interval with B42 could pass through the B42 Rx passband filter, as an interference, without any attenuation, which desensitizes the Rx. Hence it needs a special UE architecture for intra-band MR-DC applications. Figure 2-(a) represents the proposed 2x2 UE architecture for a MRDC scenario. The two RF chains, are separated to avoid interference due to DL overlapping. Figure 2-(b) represents the proposed 2x2 UE architecture for an intra-band non-contiguous NR CA use case (such as, CA_n77(2A) ). The two RF chains, are separated to avoid interference due to DL overlapping.

[image: ]                     [image: ]       
Figure 2- (a) Proposed UE architecture for MRDC with DL overlapping bands {B42, n77, n78}, (b) Proposed UE architecture for intra band non-contiguous NR CA {n77, n78}

It should be noted to use this architecture, for MR-DC applications, the UE should operate on Tx mode on both bands or on RX mode on both bands, simultaneously. Otherwise, the Tx interference will not be attenuated by the TRX switch and the receiver will be desensitized. On the other hand, we are in a non-collocated scenario, where there is an arrival time difference between the two CCs. If this time difference is larger than TX-RX transition time, then a delayed DL symbol (i.e. PDSCH) could be received when the UE is on Tx mode, the issue is depicted in Figure 3.
[image: ]
Figure 3 Delayed DL symbol could arrive when the UE is on UL mode
Based on the urban macro channel model with line of sight(LOS) [6], the path loss is governed by :


Where fc is carrier frequency d3D is the 3D distance between the UE and the BS.
In WID [2], 25dB of power imbalance between the two CCs was agreed. Let’s assume the worst case EN-DC scenario on the SoftBank spectrum allocation, where fccc1 and fccc2 are placed at 3420 MHz and 3980 MHz (CBW=40MHz), respectively. 25dB pathloss, is equivalent of 675m distance between the UE and the farthest gNb/eNb. Considering the speed of light as 299792458 m/s, then the corresponding delay is about 2.25µs. In Table 4.3.2-3 of 38.212, the TX-RX transition time is given as 25600*Tc which is equal to 13.02µs. Therefore the delay due to the non-collocated gNb/eNb is damped within the Tx-Rx transition time and such interference would not cause a problem for our non-collocated scenario.   
Observation 1: 25dB power imbalance, is enough to cover the whole cell in a LOS scenario. Moreover, it does not induce a Tx-Rx self-interference.
On the other hand based on the urban macro channel model without line of sight (NLOS) [6], the pathloss is governed by:


With the same conditions as the LOS case, (and hut=1.5m) for a 500m inter-site distance, 40.3 dB imbalance will occur for the UE. As shown in [3] the REFSENS degradation at 40.3dB will be very high. In other words, in a NLOS scenario (communicating in forest) the network should not set the UE on a non-collocated configuration, when the UE 3D distance from the one of the gNbs/eNbs is above 203 m (equivalent of 25 dB imbalance).
Observation 2: 25dB power imbalance, is NOT enough in a NLOS scenario and the network should not set the UE on a non-collocated configuration, when the UE 3D distance from the one of the gNbs/eNbs is above 203m. We invite operators to give comments about their field scenarios regarding pathloss in NLOS conditions (Forest, dense areas)
Proposal 3: The following architectures can be considered in the discussion: (a) UE architecture for MRDC with DL overlapping bands {B42, n77, n78} with a 2x2 MIMO configuration. (b) UE architecture for intra band non-contiguous NR CA {n77, n78}.
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Summary
Based on the analysis and discussion above, all the proposals are listed below:
Proposal 1: Introduce type-1 and type-2 UE configurations for non-collocated NR CA as it was requested for MR-DC in Rel-16
Proposal 2: Two methods are possible to introduce intra-band non-collocated MRDC/NR CA behavior via UE capabilities
2-1- Add a new UE capability, intraBandNonContiguousMRDC-NRCA-NonColocated-r18 , which indicates the UEs that support intra-band NR CA configurations for non-collocated scenarios, starting Rel-18
2-2- Request RAN2 to update the interBandMRDC-WithOverlapDL-Bands-r16 UE capability description in order to include the intra-band non-contiguous MRDC/NR CA, starting Rel-18
Observation 1: 25dB power imbalance is enough to cover the whole cell in a LOS scenario. Moreover, it does not induce a Tx-Rx self-interference.
Obesrvation 2: 25dB power imbalance, is NOT enough in a NLOS scenario and the network should not set the UE on a non-collocated configuration, when the UE 3D distance from one of the gNbs/eNbs is above 203m.
Proposal 3: The following architectures can be considered in the discussion: (a) UE architecture for MRDC with DL overlapping bands {B42, n77, n78} with a 2x2 MIMO configuration. (b) UE architecture for intra-band non-contiguous NR CA {n77, n78}.
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