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Discussion and Decision
1 Introduction
To achieve 0ms mobility interruption time, Dual-connectivity (DC)-based solution is one of the solutions on the table, since intra-frequency handover is the most common mobility scenario, we should consider the feasibility of intra-frequency DC in NR.
RAN1 supports UE reception of different data streams from multiple TRPs with both ideal and non-ideal backhaul [1]. RAN1 NR Ad-Hoc#2 meeting has agreed an LS to RAN2 which includes the following agreements [4]:
Agreements
Adopt following for NR reception:
1
Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
2
Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP.
RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation.
RAN2#97bis meeting has sent an LS on the feasibility of DC-related mobility enhancements in NR to RAN1/4, and the last RAN4 NR Ad-Hoc#2 meeting has confirmed that it is feasible for UE to perform simultaneous Tx/Rx from/to two intra-frequency cells in synchronous network with single RF chain or dual RF chains with the following details [2]:
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: It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain 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? 
Answer: It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains.

…

Q3: Do the answers to Q1-Q2 change depending on the frequency bands? 
Answer: Yes. 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. With beamforming that can be done only in a certain direction, typically at high frequency range, it is not feasible that the UE performs simultaneous reception and/or transmission from and/or to two intra-frequency cells.

…
RAN1#96bis meeting has sent an LS to RAN2/RAN4 on simultaneous Tx/Rx from/to two intra-frequency cells [7]. 
	Source Cell Frequency Range
	Target Cell Frequency Range
	Frequency operation 
	Band operation 
	Deployment operation
	Feasibility Input from RAN1

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Inter-band
	Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR with following additions.

Simultaneous Tx:

If the UEs performs transmission with single Tx chain for this band combination, simultaneous transmission may be only possible if the transmit timing of the two cells is within the MTTD requirement,  and configured with same subcarrier spacing (SCS) and with same uplink waveform. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingUL capability), simultaneous transmission may be possible even if the SCS of the two cells are different. 

If the UEs performs transmission with dual Tx chains for this band combination, simultaneous transmission may be feasible.

In both single Tx  and dual Tx cases, feasibility of simultaneous transmission will be further subject to power control constraints (e.g., maximum transmit power limits, PSD limits different between the cells, etc).

Simultaneous Rx:

Simultaneous reception from two cell may be feasible if the SCS is the same between the two cells. For UEs that support different SCS in CA (i.e. supportedSubCarrierSpacingDL capability), simultaneous reception may be feasible even if the SCS of the two cells are different.

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception.

	FR1
	FR1
	Inter-Frequency
	Intra-band
	Asynchronous
	RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR1
	Intra-Frequency
	Intra-band
	Synchronous or Asynchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is applicable for NR when the two cells are configured for the UE with the same SCS, same waveform (i.e. CP-OFDM or DFT-s-OFDM), and same SSB center frequency. It may be possible that some UEs support simultaneous transmission and reception even if two cells are configured with different SCS. 

It should be noted that common PRB grid between the two cells must be aligned in order for simultaneous transmission and reception to be feasible for both synchronous and asynchronous cases. 

In addition, BWP configurations of the two cells may play a role in determining feasibility for this case. RAN1 will further investigate on how BWP impacts feasibility for simultaneous transmission and reception. 

	FR2
	FR2
	Intra-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR2
	FR2
	Inter-Frequency
	Intra-band
	Synchronous
	Response provided in R2-1900020 (R1-1814411) for LTE is NOT applicable for NR FR2 and RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case.

	FR1
	FR2
	Inter-Frequency
	Inter-band
	-
	Simultaneous transmission and reception may be feasible for UEs supporting CA/DC between FR1 and FR2.

	FR2
	FR1
	
	
	
	


In this contribution, we discuss the impact of RAN1, RAN4 LSs to intra-frequency, intra-cell DC. We focus on intra-frequency DC first and further discuss 0ms interruption time for intra-frequency mobility in NR.
2 Discussion
2.1 RAN1 agreed LS to RAN2
RAN1 has discussed multi-TRP/panel transmission enhancement in Rel 16 to support different scenarios including TRPs connected with ideal and non-ideal backhaul, TRPs from intra-cell (same cell ID) and inter-cell (different cell ID), and also TRPs based eMBB and URLLLC. In RAN1#96 meeting [6], it has agreed that “To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs”, which means that the multiple TRPs with non-ideal backhaul can be from the different cells that within the same frequency. In other words, in RAN1 perspective, inter-cell intra-frequency dual connectivity, i.e. intra-frequency DC is feasible and can be supported in R16.
Furthermore, RAN1#96bis meeting has provided the table to show the feasibility about different deployment operation [7][8], and we can find that for FR1 intra-frequency intra-band synchronous or asynchronous deployment operation, it can be possible that some UEs support simultaneous transmission and reception, and, for FR2 intra-frequency intra-band synchronous deployment operation, RAN1 has not concluded on the feasibility of simultaneous transmission and reception for this case. 
Observation 1:  In RAN1 perspective, intra-frequency DC is feasible and can be supported in R16 for FR1 intra-frequency intra-band synchronous or asynchronous deployment operation.
2.2 RAN4 agreed LS response to RAN2
The LS response to RAN2 agreed in last RAN4 meeting has confirmed that [2]:
· It is feasible that UE performs simultaneous reception from two intra-frequency cells in synchronous network with single RF chain or dual RF chains.
· It is feasible that UE performs simultaneous transmission to two intra-frequency cells in synchronous network with single RF chain or dual RF chains.
· RAN4 think that the dual RF chains for intra-frequency operation on the same carrier are not typical implementation.
· RAN4 also posted condition to the above first and second bullets: 

· (They are feasible for) UE with omni-directional antenna, i.e. typically at low frequency range.
· With beamforming that can be done only in a certain direction, typically at high frequency range, it is not feasible that the UE performs simultaneous reception and/or transmission from and/or to two intra-frequency cells.
Actually UE with single RF chain being able to support 0ms interruption handover solutions is of interest for us. The last bullet of the RAN4 LS states at low frequency (i.e. FR1), UE with omni-antenna can perform simultaneous TX/RX from two intra-frequency cells. But at high frequency (i.e. FR2), if a UE with single antenna panel can only point to one direction at one time it is typically not feasible for the UE to perform simultaneous TX/RX with two intra-frequency cells. However, as is known the beam can be switched from one direction to another. The RAN4 statement didn’t say it is not feasible that the UE can switch its beam between the two intra-frequency cells and can support the TX/RX between the UE and the two cells in a TDM fashion. The fast switch between two cells is not simultaneous TX/RX from L1 point of view, but from upper layer point of view, the two links between the UE and the two cells are considered in parallel which can support the DC based handover. It is understood the TDM based DC do not have any gain on the throughput when the UE is at the border area. But for mobility purpose, fast TDM DC based handover can achieve almost 0ms interruption. 
Based on RAN4 LS, intra-frequency DC for UE with single RF chain is in general feasible at low frequency range. For UE in high frequency range with beam-forming, DC may be supported by rapid beam switching to different cells at different time following a pre-configured TDM pattern which can be configured by RRC message. The configuration can be conducted before the DC is activated. The gNBs of the two cells involved DC can be notified with the TDM pattern and the scheduling is performed accordingly at each gNB with coordination. At the time RAN4 sent out the LS [2], single panel was assumed for a UE in FR2. Recently, for UEs with multi-panels, the panel/beam selection or switching are under discussion in RAN1 [5].    

Observation 2: RAN4 considers it feasible to perform simultaneous reception/transmission from two intra-frequency cells in many configuration scenarios.

2.3 Merits of intra-frequency DC based HO
Considering realistic network deployment, there can be only one carrier in the coverage area supporting the coverage continuity over multiple cells. Due to mobility, the UE may switch from the source cell to the target cell within the same carrier. Therefore, intra-frequency handover mechanism is essential and it may not be feasible and flexible that mobility has to rely on multiple carriers. Using the DC frame work to enhance intra-frequency handover is desirable for 0ms interruption. 
In low frequency range for UEs with multiple omni-directional antennas, the two DC connections between the UE and different cells/TRPs can be mapped to different spatial layers. Since a UE has at least two receiving antennas, the spatial layers from two DC connections can be separated using a linear MIMO receiver. With an advanced receiver, e.g. SIC, ML, the constraint on the number of UE receiving antennas is not required. As a result, the interference between the intra-frequency DC connections has been handled and is not an issue in multiple NR-PDCCH/NR-PDSCH reception for intra-frequency. In high frequency beam forming case, the TDM beam switching can be used with coordinated scheduling in-sync with the TDM pattern, the interferences from two co-channel DC connections do not exist. 
From RAN1 and RAN4 perspective, intra-frequency DC is feasible in many scenarios. In NR, intra-frequency mobility with DC operation is beneficial for coverage continuity and transmission efficiency.
Observation 3: Intra-frequency mobility is common and essential in real network deployment.
Observation 4: Intra-frequency co-channel interference is not an issue in both low and high frequency scenarios.

Proposal 1: In NR, Radio Access Network supports intra-frequency DC based handover whenever it is feasible.
 Since intra-frequency mobility is common and it is feasible for simultaneous transmission/reception from/to two intra-frequency cells with single or dual RF chains, how to achieve 0ms interruption for intra-frequency handover can be further discussed. For inter-frequency scenario, DC framework with role change between the MgNB and the SgNB can be used to achieve 0ms interruption, i.e. firstly the target gNB is added as SgNB, and then role change between MgNB and SgNB is performed, finally, the SgNB is released [3]. For intra-frequency scenario, the solution for 0ms interruption can be same as the solution in inter-frequency scenario no matter how many RF chains the UE has. The procedure of dual connectivity with role change can be applied for both inter-frequency and intra-frequency scenario to achieve 0ms mobility interruption. 
Intra-frequency DC based mobility is especially beneficial for the slow moving UEs which stay in the coverage border area for longer time. In conventional system, when a UE at the coverage border area ping-ponging often occurs which can significantly reduce the time-of-stay with a cell for service and cause service interruption. With DC, the radio fluctuation at the border areas for stationary/slow UEs (or even a UE moves back and forth) most likely will only lead to volume changes on the connections with the two cells (legs) rather than ping-ponging.
Proposal 2: Consider DC framework with role change being applied for intra-frequency handover to achieve 0ms interruption.
3 Conclusion
This paper mainly discusses intra-frequency mobility in NR. Based on the above discussion, we have following observations and proposals:
Observation 1:  In RAN1 perspective, intra-frequency DC is feasible and can be supported in R16 for FR1 intra-frequency intra-band synchronous or asynchronous deployment operation.
Observation 2: RAN4 considers it feasible to perform simultaneous reception/transmission from two intra-frequency cells in many configuration scenarios.
Observation 3: Intra-frequency mobility is common and essential in real network deployment.

Observation 4: Intra-frequency co-channel interference can be avoided in both low and high frequency scenarios.
Proposal 1: In NR, Radio Access Network supports intra-frequency DC based handover whenever it is feasible.
Proposal 2: Consider DC framework with role change being applied for intra-frequency handover to achieve 0ms interruption.
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