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Introduction
RAN2 has received feedback from RAN1 [7] and RAN4 [6] on the feasibility of simultaneous Rx/Tx in source and target cell during handover in NR. The LS replies cover different scenarios (e.g. intra-frequency vs inter-frequency handover and synchronous vs asynchronous deployment) and for each scenario it is described to what extent the responses provided earlier for LTE (see [3], [4]) are also applicable for NR. 
In this contribution we analyse the feedback from RAN1 and RAN4 and discuss its potential impact on the handover solution being designed in RAN2. 
Definition of synchronous and asynchronous
To start with we would like to clarify what is meant with synchronous and asynchronous network deployment as these terms are used in the RAN1 and RAN4 LS replies. 
In general, a network is considered synchronized if the base stations are phase synchronized which means that the radio frame begins at the same time.  The required level of synchronization depends on the purpose of the synchronization.  In the context of simultaneous Rx/Tx, it seems RAN4 understands synchronous to mean that base stations are sufficiently well aligned to allow simultaneous Rx/Tx with a single FFT.
We would like to emphasize that with this definition of synchronous, a very high degree of synchronization would be necessary. For example, if we consider a TDD system with cell phase sync requirement (at the base station antenna) of 3uS and a 600 meter difference in downlink propagation path to the UE from the two sites, this corresponds to a time difference at the UE receiver of 3us+600/c = 5uS which exceeds the normal NR cyclic prefix for 15 kHz subcarrier spacing.
Considering this rough analysis, even TDD intra-frequency handovers may be asynchronous for the purposes of this discussion, and it should be considered that asynchronous cases will correspond to very common handover scenarios, with synchronous source and target cell handover being much more of a special case (e.g. handover in small cell/indoor deployments etc.).
From this perspective, our view is that procedures for handover based on simultaneous Rx/Tx must also consider the asynchronous case, and solutions which only work for synchronous cases have a strong risk of being “paper” solutions which are neither implemented by networks (to provide the necessary synchronization) nor UEs in practice. 
[bookmark: _Toc7530207][bookmark: _Toc7532485][bookmark: _Toc7532610][bookmark: _Toc7532722][bookmark: _Toc15378262][bookmark: _Toc15378445]The level of synchronization required for simultaneous Rx/Tx need to be clarified. If very tight synchronization is needed (e.g. beyond what is required for TDD) then most networks may in practice be asynchronous.  
Simultaneous Rx/Tx in FR1
The feedback from RAN1 and RAN4 for FR1 is summarized in the table below. In the cases where RAN1 and RAN4 provide different answers, we take the RAN4 reply as the main answer and indicate the RAN1 reply within parenthesis. It is clear that NR is similar to LTE for FR1 and most of the answers are the same as those provided earlier for LTE.
Note that some additional requirements like the need for same bandwidth, same subcarrier spacing, and same UL waveform in source and target cell are not mentioned in the summary since such configuration would anyway be the “typical” configuration.
Table 1: Is simultaneous Rx/Tx feasible? (FR1)
	
	Synchronous
	Asynchronous

	Intra-frequency
	Sim. Rx: Yes
· Feasible even with single Rx RF chain 
· Dual FFTs required if received timing difference exceeds CP length or if received power difference exceeds certain limit
Sim. Tx: FFS (RAN1: Yes)
· Single Tx RF chain can be used provided the transmit power is similar for the two cells.
· Dual IFFTs required if the two cells use different TA
	Sim. Rx: Yes
· Feasible even with single Rx RF chain 
· [bookmark: _GoBack]Dual FFTs required



Sim. Tx: FFS

	Inter-frequency
	Sim. Rx & Tx, intra-band: Yes
· Similar to intra-band CA
Sim. Rx & Tx, inter-band: Yes
· Similar to inter-band CA and DC
	Sim. Rx & Tx, intra-band: FFS

Sim. Rx & Tx, inter-band: Yes 
· Similar to inter-band CA and DC



In general simultaneous Rx/Tx is easier to support for inter-frequency handovers since it is similar to CA/DC and there is no interference issue. The only scenario that is potentially problematic is inter-frequency intra-band asynchronous handover; however, we consider this case to be of less importance.
[bookmark: _Toc7530202][bookmark: _Toc7532480][bookmark: _Toc7532605][bookmark: _Toc7532717][bookmark: _Toc15378257][bookmark: _Toc15378440]For FR1, simultaneous Rx/Tx is generally feasible for inter-frequency handovers. 
In our view the most interesting scenario is intra-frequency handover as this is the most common type of handover in networks today. We see that simultaneous Rx is feasible in this case while simultaneous Tx is more challenging. This is regardless whether the network is synchronized or not. For the synchronous case, RAN1 notes in [3] that simultaneous transmission is feasible but in [4] RAN4 notes that:
“Simultaneous transmission is feasible if the physical resource between source/target cells is TDMed or FDMed, while the feasibility has not been confirmed yet if the same time and freq physical resource is allocated in source/target cells.”
[bookmark: _Toc7530203]That is, simultaneous Tx may only be possible if the signals to the source and target cell are TDMed or FDMed. However, in our view the transmission is not considered simultaneous if TDM is used since the UE would not be transmitting to both cells at the same time. If FDM is used the transmission is simultaneous but there is still effectively an interruption since the UE does not have access to the full bandwidth which decreases the UL data rate. 
[bookmark: _Toc7532481][bookmark: _Toc7532606][bookmark: _Toc7532718][bookmark: _Toc15378258][bookmark: _Toc15378441]For intra-frequency handover in FR1, simultaneous Rx is feasible while simultaneous Tx is more challenging (both for the synchronous and asynchronous case)
[bookmark: _Toc7530204][bookmark: _Toc7532482][bookmark: _Toc7532607][bookmark: _Toc7532719][bookmark: _Toc15378259][bookmark: _Toc15378442]If simultaneous Tx cannot be supported for intra-frequency handovers in FR1 some form of TDM or FDM may need to be applied.
For intra-frequency handover, the main difference between the synchronous and asynchronous case seems to be that in the former the UE can receive/transmit the signals using a single FFT while in the latter dual FFTs is required. As noted in the previous section, with this definition of synchronous very tight network synchronization is required which may not be feasible/common in practice.
For intra-frequency handover there is also the interference issue. If the UE simultaneously receives signals from the source and target cell it may not be able to decode the weaker signal due to the interference caused by the stronger signal. To be able to decode both signals they need to be at relatively similar power levels.  The same issue applies for the uplink. In fact, decoding may be even more challenging in the uplink since there are two receivers and each receiver generally lacks any information about the signal intended for the other receiver. This means that joint decoding techniques, such as SIC, may not be possible.
[bookmark: _Toc7530205][bookmark: _Toc7532483][bookmark: _Toc7532608][bookmark: _Toc7532720][bookmark: _Toc15378260][bookmark: _Toc15378443]For simultaneous Rx/Tx in the intra-frequency case, the two signals need to be at relatively similar power levels to be successfully decoded by the UE/gNB.
Simultaneous Rx/Tx in FR2
The feedback from RAN1 and RAN4 for FR2 is summarized in the table below. Also here the RAN4 reply is taken as the main answer and if the RAN1 reply differs it is indicated within parenthesis.
Table 2: Is Simultaneous Rx/Tx feasible? (FR2)
	
	Synchronous
	Asynchronous

	Intra-frequency
	Sim. Rx & Tx: No (RAN1: FFS)
	Sim. Rx & Tx: No

	Inter-frequency
	Sim. Rx & Tx, intra-band: No (RAN1: FFS)
Sim. Rx & Tx, inter-band: No
	Sim. Rx & Tx, intra-band: No
Sim. Rx & Tx, inter-band: No



From the summary above it is clear simultaneous Rx/Tx is significantly harder in FR2 than in FR1. One reason for this is that FR2 make use of beamforming which can only be done in one direction at a time.
[bookmark: _Toc7530206][bookmark: _Toc7532484][bookmark: _Toc7532609][bookmark: _Toc7532721][bookmark: _Toc15378261][bookmark: _Toc15378444]For FR2, RAN4 does not consider simultaneous Rx/Tx to be feasible in any of the handover scenarios.
Conclusion
In this paper we made the following observations:
Observation 1	For FR1, simultaneous Rx/Tx is generally feasible for inter-frequency handovers.
Observation 2	For intra-frequency handover in FR1, simultaneous Rx is feasible while simultaneous Tx is more challenging (both for the synchronous and asynchronous case)
Observation 3	If simultaneous Tx cannot be supported for intra-frequency handovers in FR1 some form of TDM or FDM may need to be applied.
Observation 4	For simultaneous Rx/Tx in the intra-frequency case, the two signals need to be at relatively similar power levels to be successfully decoded by the UE/gNB.
Observation 5	For FR2, RAN4 does not consider simultaneous Rx/Tx to be feasible in any of the handover scenarios.
[bookmark: _Toc3808817][bookmark: _Toc3808823] 
Based on the discussion in the previous sections we propose the following:
Proposal 1	The level of synchronization required for simultaneous Rx/Tx need to be clarified. If very tight synchronization is needed (e.g. beyond what is required for TDD) then most networks may in practice be asynchronous.
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