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Introduction
In the last RAN2 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. In this contribution we provide some analysis on the questions from RAN4 perspective
DC based intra-frequency handover
The background is that 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).
Before we go to the detailed questions, we’d like to elaborate a bit more on RAN2’s DC based intra-frequency mobility:


[bookmark: _Ref481503536][bookmark: OLE_LINK6]Figure 1: Example of TDM DC based mobility with intra-frequency operation
As can be seen in Figure 1, UE 1 is now performing handover from cell 1 to cell 2. The candidate target intra-frequency neighbour cell (cell 2) can be added as the PScell if following the DC approach. The PScell can configure the UE to establish a new leg. Considering time domain based approach to avoid interference, the PScell cell can configure a TDM pattern based transmission and reception resource to the UE according to its coordination with the source cell (cell 1). That means after the second leg is established UE 1 would be scheduled by cell 1 and cell 2 in different subframes/slots/OFDM symbols during the handover procedure. Thus following the configuration of the pattern, at any time the UE is able to keep communication with one of the cells (either source cell or target cell). Also in case of a potential failure in the target cell, UE can fallback to source cell and maintain data communication or recovery.
Another approach to avoid interference is network configured FDM pattern based transmission and reception. As depicted in Figure 2 below:


[bookmark: _Ref481510195]Figure 2: Example of FDM DC based mobility with intra-frequency operation
In FDM approach, UE 1 can be scheduled by cell 1 and cell 2 on different PRB in the same time slot. The two approaches are being discussed in RAN2.
Meanwhile, the role between the source cell and target cell will be changed once the connection to target cell is successfully established. Specifically cell 2 would become PCell and cell 1 would become PSCell after connection to cell 2 is established. After the role change, cell 1 is released. Then handover is completed.
In summary, 3 steps are needed to complete the handover:
· Step 1: The HO target cell is added as PScell to trigger DC operation together with source cell
· Step 2:The role between the source call and target cell is changed in terms of Pcell and PScell
· Step 3:The source cell (i.e. the PScell) is released

Discussion on questions in the LS
In [1] RAN2 asked RAN4 three questions regarding the feasibility of DC-based handover from UE perspective. In this section we provide our view on these questions.
	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?



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?
For synchronous network, the received timing difference between the two cells are close. According to TS36.133 section 7.15, the maximum value is up to about 33µs. It is expected that a UE with single RF chain can handle this 33µs overlapped received signals because in LTE intraband contiguous DC scenario UE only needs single RF chain and can also meet the 33µs requirements specified in TS36.133 7.15.
On the other hand, 33µs was derived counting the maximum propagation delay difference, i.e. UE locates close to one of the BS. Actually, in DC based mobility handover the timing difference could be expected to be much smaller than 33µs, because UE probably locates right at the middle of the two cells and the propagation delay difference can be deemed as 0 when the radius of the two cells are comparable. Therefore, UE can observe contiguous downlink signals from the two cells. The only difference from single cell operation is that UE needs to maintain dual protocol stacks. The corresponding UE capability on this should be discussed in RAN2. From RAN4 perspective, single RF chain is enough to handle this scenario.
[bookmark: _Ref481518126]Proposal 1: single RF chain is enough to support simultaneous reception from two intra-frequency cells in synchronous network.

As for asynchronous network, UE received timing difference between the two cells can be anything. The consequence is that UE will suffer from significant interference from each cell.


[bookmark: _Ref481516649]Figure 3 intra-frequency asynchronous network
As depicted in Figure 3, red part denotes the interfered downlink signal, which occurs at the boundary of scheduling pattern of each cell. Especially for TDD band, collision of UL and DL subframe from the two cells can be foreseen. 
[bookmark: _Ref481518131]Proposal 2: UE is not able to perform simultaneous reception from two intra-frequency cells in asynchronous network.

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?
Similar with analysis above for Q1, synchronous network scenario is more realistic. From UE power control point of view, UE should be able to handle power control for each cell if the subframe timing boundary of the two cells are well aligned. 
As for asynchronous network, UE can not achieve maximum TX power for each cell. But handover typically occurs at the cell edge, where UE is required to transmit with high TX power. So in asynchronous network the uplink qualities is hard to guarantee.
[bookmark: _Ref481518138]Proposal 3: single RF chain is enough to support simultaneous transmission to two intra-frequency cells in synchronous network.
[bookmark: _Ref481518143]Proposal 4: UE is not able to perform simultaneous transmission to two intra-frequency cells in asynchronous network.

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?
In our understanding, the support of simultaneous transmission/reception is irrelevant to the frequency bands.
[bookmark: _Ref481518147]Proposal 5: the support of simultaneous transmission/reception is irrelevant to the frequency bands.

Conclusion
In this contribution we provide discussion on the incoming LS from RAN2 in [1]. After discussion the following conclusions are made:
Proposal 1: single RF chain is enough to support simultaneous reception from two intra-frequency cells in synchronous network.
Proposal 2: UE is not able to perform simultaneous reception from two intra-frequency cells in asynchronous network.
Proposal 3: single RF chain is enough to support simultaneous transmission to two intra-frequency cells in synchronous network.
Proposal 4: UE is not able to perform simultaneous transmission to two intra-frequency cells in asynchronous network.
Proposal 5: the support of simultaneous transmission/reception is irrelevant to the frequency bands.
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