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1 Introduction
RAN2 sent RAN4 a liaison statement about a possible enhancement to DC mobility to achieve 0ms interruption time
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?

2 Discussion

The 0ms interruption time for handover which RAN2 is interested in is related to an ITU requirement for mobility interruption time [2]:
	4.12
Mobility interruption time

Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the mobile station and the radio access network, as applicable to the candidate RIT/SRIT.
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.

The minimum requirement for mobility interruption time is 0 ms.



RAN2 is considering intrafrequency mobility in the liaision statement. The procedure which RAN2 has in mind is that the target cell is first added in a dual connectivity-like manner as a PSCell (however, it should be emphasised, an intrafrequency PSCell ie on the same frequency as the PCell) such that the connection to the source cell is maintained. Later, to complete the handover procedure, the target cell is reconfigured from a PSCell to become the PCell. The need for simultaneous transmission and simultaneous reception comes from the phase of the procedure where the UE is connected to 2 cells, namely the source cell (still the PCell) and the target cell (new PSCell).

Firstly, we would observe that the discussion relates to standalone operation of NR. For NSA type 3 operation, the UE is connected to an LTE cell as the PCell and the PSCell can be freely changed without interruption to the PCell, although it is clear that if there is a handover to the LTE PCell this is likely to cause interruption (0ms interruption is not an LTE requirement, although the newly introduced make before break handover can give close to 0ms interruption).

Observation 1 : The DC enhancement considered by RAN2 relates to standalone operation of NR

Observation 1 should be taken into account when considering the urgency of a response to RAN2, ie the possibility to perform simultaneous transmission and simultaneous reception from 2 NR cells should be evaluated carefully before responding. RAN2 has also addressed the question to RAN1.I

It should be noted that RAN2 asked exactly the same question of RAN4 (and RAN1) in the LTE mobility enhancements work item (Q4 and Q5 in [3]) related to the make before break handover, but then it was decided internally in RAN2 not to proceeed with the simulataneous RX and simultaneous TX solution for LTE. Hence the previous question was never definitively answered by RAN4.

Technically speaking, the operation would take place in the handover region, so it should be assumed that both the downlinks and both the uplinks would be subject to quite similar pathloss. RAN2 asks about both single and dual RF chains for RX and for TX. The main difference between single and dual RF chains is that with dual RF chain different gain could be applied for either the RX or the TX strip. However, both RX chains would be operating with fundamentally the same input signal and since AGC setting depends on the RSSI they would be set to the same gain by the AGC anyway. Although dual TX chains could transmit with different power, if there is significant power offset it means that the weaker TX signal could not be decoded anyway since there would be a significantly negative SNR for the weaker signal even at the output of the UE.
Observation 2 : Dual RX chains or dual TX chains allow independent gain setting but this seems not to be very useful in the context of simultaneous reception or simultaneous transmission.
What may be more relevant is consideration of whether the same FFT/iFFT is used to decode the signal from both serving cells. If the same FFT/iFFT is used, it means that the signals need to be closely time and frequency synchronised with each other eg within significantly less than the CP length. It should be noted that multiple FFT oeprations could even be performed on the same IQ samples from RF (or anyway the same analogue signal), so this is a somewhat different than the question RAN2 asked about multiple RF chains.

Observation 3 : For asynchronous scenarios, dual FFT/iFFT would be needed to account for different RX or TX timing

Based on observation 3, it can be seen that simultaneous reception and simultaneous transmission will definitely increase UE complexity, at least for the async case. Fundamentally, the question is whether the dual connectivity operation allows for less data loss than would occur in a fast hard switch of the intrafrequency serving cell, such that this complexity is justified.  During simultaneous reception the UE is, by definition, operating its receivers at a negative SNR and it is rather unlikely that it could be scheduled with anything other than very low MCS on the PCell and PSCell at the same time and successfully decode both transmissions – even if the pathloss on both links is identical (which is an idealistic assumption) the SINR would be -3dB assuming no other sources of noise and interference. There are also likely to be a significant number of HARQ retransmissions. On the other hand, in the handover zone low MCS is likely to be needed anyway, and short term fading conditions mean that either one of the links might be usable in the short term, so it is also possible that scheduling the UE on either of the cells might be successful. Very similar considerations apply for the uplink – if the UE is transmitting two signals simultaneously then by definition it is transmitting an interferer, but at low MCS either one of the signals might be decoded depending on short term channel conditions if the pathloss/MCS is well balanced. 
Observation 4 : There is likely to be a period of low MCS/HARQ retransmissions in the handover region, irrespective of whether the new procedure is introduced
3 Conclusions

In this contribution we provide some initial analysis related to the LS from RAN2 in [1]. We provide 4 observations which are intended to assist RAN4 in discussions on a suitable response
Observation 1 : The DC enhancement considered by RAN2 relates to standalone operation of NR

Observation 1 should be taken into account when considering the urgency of a response to RAN2, ie the possibility to perform simultaneous transmission and simultaneous reception from 2 NR cells should be evaluated carefully before responding.
Observation 2 : Dual RX chains or dual TX chains allow independent gain setting but this seems not to be very useful in the context of simultaneous reception or simultaneous transmission.

Observation 3 : For asynchronous scenarios, dual FFT/iFFT would be needed to account for different RX or TX timing
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