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Introduction
In RAN2 #97bis meeting, RAN2 sent an LS [1] to RAN1 and RAN4 to ask the feasibility of simultaneous transmission and reception from two cells in NR for two intra-frequency cells. The LS was widely discussed in last RAN4 #83 meeting. After discussion, some technical issues were identified and no agreements were made.
In this contribution, we provide further discussion on this topic based on the technical concerns identified at last meeting.
Discussion
[bookmark: OLE_LINK9]In this section we summarize the technical concerns regarding simultaneous transmission/reception from/to two intra-frequency cells raised by companies in last RAN4 #83 meeting. And then we also provide some possible solutions for each issue.
AGC
Some companies raised that the received power imbalance between source and target cells will result in the AGC problem for the UE. Actually AGC belongs to analog device. Traditionally, the gain-controlled stages come before the signal detection. More specifically, UE will adjust its AGC according to the received RSSI in LTE. So for intra-frequency signal processing, AGC level is determined by the strongest cell, irrespective how many cells are being received. For instance, in legacy intra-frequency handover area the signal from target cell is typically 3dB (depending on A3 offset) higher than that of serving cell. UE will adjust its AGC based on all of the received signals, including noise, signals from serving and neighbor cells. That means the AGC is set more than 3dB higher than signals from serving cell. However, it doesn’t prevent UE from receiving handover command from serving cell.
As for DC-related handover scheme, there is no AGC problem for the UE with single RF chain and single AGC. Actually, it is pointless to use two or more AGCs for the same carrier since the AGC level is determined by the combination of all the signals UE can see on the carrier.
Observation 1: there is no AGC problem for the UE to support simultaneous reception from two intra-frequency cells.

Interference
Another concern is that simultaneous transmission/reception from/to two intra-frequency cells will result in significant interference for each link. Here we would like to use the same example mentioned in section 2.1: 3dB handover offset. In this case, UE should be able to send measurement report and receive handover command under at least -3dB (it should be even lower considering noise and interference from other neighbor cells). And before handover is received, UE should not loss connection from serving cell (retain uplink transmission and downlink reception). Regarding DC-related handover, the interference situation is the same as legacy handover. Therefore, we don’t think there is any problem for transmission/reception from/to serving cell. As for target cell, since the SINR is higher than that of serving cell, we believe it should be questionable as well, although low MCS could be foreseen at the handover area.

[bookmark: OLE_LINK10]FFT/IFFT resource
Ideally, if the UE is located at the middle of two cells and the received power and DL/UL timing for each cell are perfect aligned, then single FFT/IFFT should be able to support the simultaneous transmission/reception for two intra-frequency cells. However, in real practice there always be some misalignment between the timing references of the two cells, e.g. UE is not ideally located at the middle between the two BS or the two cells have different radius, etc. Then the question is with this different UL timing reference whether UE can perform simultaneous transmission to two intra-frequency cells with single FFT/IFFT resource.
As we all know, phase drift in frequency domain will lead to time drift in time domain. According to that, once UE needs to simultaneously transmit signals to two intra-frequency cells UE would first generate two sets of data scrambled by different cell ID, adjust the phases of these frequency domain signals according to the UL timing references difference, and then feeds them to the same IFFT, and eventually get signals with different time drift. UE will put this mixed signals to physical layer and transmit them to the both cells. Each cell will try to decode the useful data from the mixed signals. We believe this method can work at least for the case where the UL timing reference of the two cells are close, i.e. UL timing difference between the two cells is within [Z] us.
Another way is to simply use the same UL timing when simultaneously transmitting to the two cells even though the real UL timing references between two cells are different. For instance, considering 200 meters handover area, the maximum timing reference difference at handover area should be 200/3*108 = 670ns (assume the two cells have the same radius), which is much smaller than CP duration. Therefore, UE can simply follow the UL timing of alternative one and will not degrade BS demodulation performance. In this solution, UE doesn’t need to generate signals with different timing. Thus additional FFT/IFFT is not necessary.
Thus we can conclude that at least when the UL timing of the two cells are close (UL timing difference is within [Z] us), UE should be able to perform simultaneous transmission. 
As for downlink, as long as the DL timing is close (DL timing difference is within [Y] us), e.g. less than CP duration, UE can simply duplicate the received data and then decode twice to get data from both source and target cells.
On the other hand, originally RAN2 didn’t ask for feasibility with how many FFT/IFFT resources. In our view, single FFT/IFFT resource can handle this under certain condition.
Observation 2: single FFT/IFFT should be able to support simultaneous transmission/reception, provided that the timing reference of the two cells are close.

UE RX beamforming scenario
UE beamforming may be utilized at mmWave scenario due to severe couple loss, which may have impact on intra-frequency measurement. It was also pointed out by some companies in last RAN4 #83 that once UE performs measurement on intra-frequency neighbor cell, UE needs to switch its Rx beam to aim for the target cell. Meanwhile, without beamforming gain UE may not be able to receive data from serving cell. In this case, network somehow needs to provide measurement windows to the UE for intra-frequency neighbor cells measurement. During these measurement windows, similar with intra-frequency measurement gap, UE cannot be scheduled.


Figure 1 UE RX beamforming scenario
Thus for this scenario it is unlikely that UE can perform simultaneous transmission/reception from/to two cell at different directions, unless UE can support multiple beams at different directions simultaneously. However, we don’t think it is a practical assumption that UE can support this.
RAN2 is now discussing some TDM scheme for DC-related handover, which may solve the problem. In TDM scheme UE actually will not perform transmission/reception “simultaneously”. That is somehow out of the scope of the LS.
So at least for the UE with omni-directional antenna, typically at low frequency range, the answers to Q1 and Q2 could be feasible under certain condition.

Proposed answers to the questions
Based on the above analysis and discussion in last RAN4 #83, we would like to provide answers to the questions in the LS:
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?

Answer: UE can perform simultaneous reception from two intra-frequency cells in synchronous network, i.e. only when received timing difference of the two cells is with [X] us, provided that the received power difference between the two cells [Y] dB. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.

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?

Answer: UE can perform simultaneous transmission to two intra-frequency cells in synchronous network, i.e. when uplink timing of the two cells are aligned and uplink timing difference is within [Z] us, only if there is no issue related to power allocation from RAN1 perspective. Single RF chain is expected to be able to support this. For the case of asynchronous network with single RF chain, RAN4 studies are ongoing.

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

Answer: 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. Regarding the scenario where UE beamforming is utilized, typically at high frequency range, RAN4 studies are ongoing.

Conclusion
In this contribution we summary the concern raised by companies at last RAN4 #83 regarding the incoming LS on the feasibility of DC-related mobility enhancements in NR and correspondingly provide analysis. After discussion we also propose answers to the questions RAN2 asksed
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