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1 Introduction
In RAN4#83 discussions took place on the questions raised by RAN2 in [2]. 
	RAN2 is considering mobility enhancement based on DC framework to achieve 0ms interruption time. The target cell will be added as a PSCell which will be configured as PCell to complete the handover. This could be intra-frequency DC applicable for all supported frequency bands for NR for both synchronous and asynchronous cases (i.e. same as LTE dual connectivity). Therefore, RAN2 would like to ask RAN1 and RAN4 on the feasibility of simultaneous transmission and reception from two cells in NR.

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?




In this contribution we provide further consideration on the feasibility.
2 Discussion

1. Considerations on single or dual RF chains
We first consider downlink reception, and for now consider an omin-directional antenna (no UE beamforming). Since the dual connectivity scenario is intraband, we do not see any benefit in dual RF chains regardless if the network is synchronous or asynchronous. Since the received signal on each RF chain would be theoretically identical, there would be no basis to set each RF chain to a different gain – both RF chains would saturate with the same gain setting and both RF chains would have a similar noise floor. This is not to say that dynamic range issues would preclude the scheme from working; as discussed in RAN4#83 both cells would be received with very similar power in the handover region, and techniques such as soft handover have been used in WCDMA. However, there would be no motivation to use 2 RF chains which were providing nearly identical analogue signals to baseband.
Observation 1: There would be no motivation to use dual RX chains for intraband dual connectivity when both would need to have the same gain setting applied, and would provide a near identical signal to baseband

Observation 2: Observation 1 does not preclude the simultaneous reception of two cells provided the receive signal strengths fall within the dynamic range capabilities of the receiver

Next we turn our attention to transmission. Rather similar considerations apply. If a single RF chain (including PA) is implemented, then there can only be one analogue transmitter gain setting at any moment in time. Dual RF chains would allow transmission of two signals at different power levels, but if there is a significant power offset between the signals and they are transmitted simultaneously then it is virtually guaranteed that the stronger transmission means that the weaker transmission cannot be decoded. In these circumstances, the weaker transmission might as well be skipped.
Observation 3: There would be no motivation to use dual TX chains for intraband dual connectivity the stronger transmission would be an interferer to the weaker transmission

Observation 4: Observation 2 does not preclude the simultaneous transmission of two cells provided the transmit signal strengths fall within the dynamic range capabilities of the transmitter

2. Considerations on synchronous or asynchronous network
For the questions raised by RAN2, what is very relevant for synchronous versus asynchronous scenarios is whether the data is received / transmitted with a single or dual iFFT/FFT. If we assume that the network is fully asynchronous then there is no time or frequency synchronisation between the two signals. To receive such a signal would imply the need to perform dual iFFT with different timing, and additionally to perform digital frequency compensation in baseband. Similarly, to transmit two signals with arbitrary timing would imply dual FFT and digital frequency shifting.

Observation 5: Support for asynchronous reception and transmission would imply the use of dual iFFT/FFT.
3. Beamforming aspects
The analysis above assumes an omni-directional antenna. One discussion which took place in RAN4#83 was that if the UE performs analogue beamforming, it cannot receive from two directions simultaneously. This is valid if the UE has a single antenna array. If the UE has multiple antenna arrays (for example for diversity/MIMO operation) then it could in principle receive in different directions with the different arrays, although with reduced performance and unable to support full rank MIMO. 
If the UE can receive and transmit with multiple beams simultaneously, then observations 1 and 3 are not strictly valid; for instance, the beamforming operation may allow the UE to receive a weaker and a stronger signal simultaneously. Similarly, it may be possible for a gNB to detect a weaker transmission from the UE in a different direction from the stronger transmission. On the other hand, if multiple antenna arrays are implemented in the UE these arrays are naturally having separate RF chains

Observation 6: Analogue UE beamforming may limit the possibility of the UE to transmit or receive simultaneously to two cells

Based on the observations, possible responses to the questions from RAN2 are

	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the receive power of the signals is similar, it is feasible that the UE performs simultaneous reception from two intra-frequency cells. If the cells are asynchronous, dual iFFT is needed to receive OFDM symbols with different timing.

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the transmission power of the signals is similar, it is feasible that the UE performs simultaneous transmission from two intra-frequency cells. If the cells are asynchronous, dual FFT is needed to transmit OFDM symbols with different timing.

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Analogue beamforming may limit the possibility for the UE to transmit or receive simultaneously in two different directions. Analogue beamforming can be expected to be more extensively used on mm-wave bands, although use on any band is not precluded.


3 Conclusions

In this contribution we discuss further the feasibility of DC related mobility enhancements. We make the following observations

Observation 1: There would be no motivation to use dual RX chains for intraband dual connectivity when both would need to have the same gain setting applied, and would provide a near identical signal to baseband

Observation 2: Observation 1 does not preclude the simultaneous reception of two cells provided the receive signal strengths fall within the dynamic range capabilities of the receiver

Observation 3: There would be no motivation to use dual TX chains for intraband dual connectivity the stronger transmission would be an interferer to the weaker transmission

Observation 4: Observation 2 does not preclude the simultaneous transmission of two cells provided the transmit signal strengths fall within the dynamic range capabilities of the transmitter

Observation 5: Support for asynchronous reception and transmission would imply the use of dual iFFT/FFT.

Observation 6: Analogue UE beamforming may limit the possibility of the UE to transmit or receive simultaneously to two cells

Based on the observations, possible responses to the questions from RAN2 are

	Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the receive power of the signals is similar, it is feasible that the UE performs simultaneous reception from two intra-frequency cells. If the cells are asynchronous, dual iFFT is needed to receive OFDM symbols with different timing.

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Provided that the transmission power of the signals is similar, it is feasible that the UE performs simultaneous transmission from two intra-frequency cells. If the cells are asynchronous, dual FFT is needed to transmit OFDM symbols with different timing.

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

Analogue beamforming may limit the possibility for the UE to transmit or receive simultaneously in two different directions. Analogue beamforming can be expected to be more extensively used on mm-wave bands, although use on any band is not precluded.
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