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1 Introduction
In RAN4 NR AH#2, a partial reply was agreed for the questions from RAN2 on DC mobility enhancement.
	Q1 Answer: It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 

Regarding UE with single or dual RF chain in asynchronous network case, the feasibility is FFS.

Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.

Q2 Answer : It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains. 

Regarding UE with single or dual RF chains in asynchronous network case, the feasibility is FFS.

Note: RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation

Q3 Answer : Yes. From RAN4 perspective, the above answers to Q1-Q2 at least apply for UE with omni-directional antenna, i.e. typically at low frequency range. With beamforming that can be done only in a certain direction, typically at high frequency range, it is not feasible that the UE performs simultaneous reception and/or transmission from and/or to two intra-frequency cells.

On top of that, how to define synchronous network needs further discussion: e.g., in Q1 the synchronous network means the received timing difference from the two cells is within [X] us, and in Q2 the synchronous network means uplink transmissions to the two cells occur at the same time from UE perspective.


In addition, the following aspects were agreed in the way forward

	· DC mobility enhancement for 0ms interruption

· Further analysis is necessary on

· Feasibility of supporting simultaneous reception in asynchronous networks with either single or dual RX chain

· Feasibility of supporting simultaneous transmission in asynchronous networks with either single or dual TX chain

· Impact of power sharing for simultaneous transmission in either synchronous or asynchronous networks.


2 Discussion

The two main aspects to be considered are 

1) The possible support of asynchronous dual connectivity for both DL and UL

2) The impact of power sharing

As noted in the reply LS, dual RF chains for intra-frequency operation on the same carrier are not typical implementation.  From an RF perspective, it is considered to be challenging to operate dual RF chains even on adjacent frequency because of interaction between the two local oscillators (LO). For intra-frequency operation, it may be sufficient to operate with a single LO which would avoid the challenges of closely spaced LO. However, more fundamentally in addition to sharing local oscillator, if transmitting or receiving two signals on a single frequency it seems that the entire RF could be shared without any negative impact.
For the UE receiver, there is no obvious benefit from an AGC perspective for having independent gain control. If dual RF chains are used both receivers have the same RF input signal and hence theoretically they would clip the signal at the same gain setting and have the same noise floor. Therefore, there is no methodology for setting different RF gain, nor is there a possibility to deal with large dynamic range. What is needed, if wanting to handle simultaneous asynchronous reception is two independent baseband L1 processing chains, i.e. dual iFFT, channel estimation, channel decoding etc.

Observation 1: To receive two signals with asynchronous timing, two independent baseband L1 processing chains are needed

For the UE transmitter, the situation is rather similar in that two baseband L1 processing chains can provide separate TX signals which are added in the digital domain prior to ADC conversion. The additional issue for TX is power sharing since the UE should not transmit more power than the maximum according to its power class. The exact power sharing procedure would need to be discussed and is more complicated for asynchronous scenarios, or if different UL TTI is used for each cell. Regardless of the power control procedure, we can conclude at any rate that in uplink power limited scenarios (relevant in the handover region), less power will be available for transmission compared with the situation where only one of the radio links was configured
Observation 2: To transmit two signals with asynchronous timing, two independent baseband L1 processing chains are needed

Observation 3: In uplink power limited scenarios, less power will be available for transmission compared with the situation where only one of the radio links was configured. The exact power control procedure for either synchronous or asynchronous uplink dual connectivity would need further discussion in RAN1.
3 Conclusions

In this contribution, we evaluate further aspects of dual connectivity enhancement for 0ms interruption, and provide the following observations which may assist with a response to RAN2.
Observation 1: To receive two signals with asynchronous timing, two independent baseband L1 processing chains are needed

Observation 2: To transmit two signals with asynchronous timing, two independent baseband L1 processing chains are needed

Observation 3: In uplink power limited scenarios, less power will be available for transmission compared with the situation where only one of the radio links was configured. The exact power control procedure for either synchronous or asynchronous uplink dual connectivity would need further discussion in RAN1.
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