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Discussion and Decision
1      Introduction

Two different approaches are being discussed to minimize the HO interruption time in LTE: "single active protocol stack" and "dual active protocol stack". These two approaches were first described in [1] and then compared in [2], in terms of potential benefits and standardization and implementation impacts. However, no decision has been taken yet regarding which way to go.
This contribution discusses a possible way forward on minimization of HO interruption time in LTE.
2      Discussion 

As discussed in [2], the benefits of the different alternatives, in terms of HO interruption time, are expected to be the following:

	Impacts on HO interruption time
	0ms HO interruption time at radio level in the UL might not be possible, as the UE might need to skip UL data transmission in the source cell to prioritize the RACH procedure in the target. There is also a delay for the UP processing time for PDCP/RLC re-establishment / PDCP status synchronization (depending on the option).
~0ms HO interruption time at radio level in the DL can be achieved:

- For Option 0/1, in case of CFRA (the eNB can start scheduling DL/UL UP data immediately after the UE has received RAR). For CBRA there will be a ~5ms interruption since the UE has to pass the contention resolution phase until the eNB can start scheduling DL/UL UP data.

- For Option 2, also in case of CBRA.

(Some companies claimed that some additional - not specified - processing delay needs to be considered for protocol switching / PDCP/RLC re-establishment. But at least one company indicated that, for DL, received data can be buffered at lower layers and then processed after the protocol switch / PDCP/RLC re-establishment is completed, so that ~0 ms HO interruption time at radio level can also be achieved in the single active stack solution)
	0ms HO interruption time at radio level can be achieved, when simultaneous TX/RX is possible. When a TDM scheme is needed, the interruption time at radio level is expected to be similar with the single protocol stack solution.

In any case the interruption at the application/IP level is expected to be larger, i.e. because the first packets received from the target will likely be duplicates. 

(At least one company thinks that the issue is not there for the single active protocol case, as the UE stops data transmission/reception with the source once it switches to the target for data transmission/reception. In this case, the PDCP STATUS REPORT can be transmitted to network immediately, and the network can avoid the transmission of duplicated packets which have been received by UE successfully)


Considering this, and the fact that the co-sourcing companies think that:
· There is actually no need to target a "strict 0 ms" radio level interruption during mobility, since what matters in practice is the interruption time at service level (by the way, this is the reason why, also outside of the handover phase, networks are not expected to (and do not) always schedule UEs in every slot/ subframe with 0 ms interruption!)
· The most typical LTE handover scenarios are intra-frequency handovers where, based on the RAN1/RAN4 feedback in [3] and [4], in any case 0 ms radio level interruption time cannot be achieved in the uplink, even adopting a dual active protocol stack approach 

· Supporting a dual active protocol stack solution adds complexity both to the specification and to the implementation (in the UE and in the network)
The starting point of the discussion is that the co-sourcing companies think that, to minimize the HO interruption time in LTE, single active protocol stack option 0/1 (i.e. one active PDCP/RLC entity and two active PHY and MAC entities during transmission of msg1&msg2, as defined in [2]) is sufficient.
Observation 1: To minimize the HO interruption time in LTE, single active protocol stack option 0/1 (i.e. one active PDCP/RLC entity and two active PHY and MAC entities during transmission of msg1&msg2, as defined in [2]) is sufficient.

On the other hand, it is acknowledged that there is still some significant support for adopting a dual active protocol stack solution, i.e. to allow simultaneous transmission/reception in the source and target cells not only during the random access procedure in the target cell but also after that. Some proposals for a possible compromise solution are then suggested in the following.

Apart from the impacts to the PDCP protocol (simultaneous handling of two security keys, support of common PDCP SN allocation/reordering but separate security/ROHC, etc.), which cannot be avoided if a dual active protocol stack solution is adopted, one of the main concerns of the co-sourcing companies is the UE capability coordination issue. 

In principle, to allow simultaneous transmission/reception in the source and target cells (for a longer period of time than just the random access procedure in the target cell, during which only target Pcell resources are required), requires the introduction of a LTE DC-like capability coordination in the handover signalling over the X2 interface. Actually, it would also need to be checked whether the MN controlled LTE DC approach - where it is up to MN to split the capability - can be reused as is or whether the SN should also play a role. Furthermore, in principle the capability coordination could also impact the configuration in the source node: in this case, besides the RRC configuration generated by target node, some kind of RRC reconfiguration generated by the source node would need to be transmitted to the UE as well during the handover command, significantly deviating from the legacy handover principles. Furthermore, it is also worth noting that capability coordination/split may lead to negative impacts on data transmission in the source and/or target cells. If CA is configured before the handover, the throughput decrease may be considerable.
So in any case we think that some simplified approach should be followed (both in terms of implementation and standardization impacts), as described by the following proposals:
Proposal 1: LTE DC-like UE capability coordination between the source node and target node will not be specified. Instead, the target node may decide, by network implementation means, the target cell configuration based on the UE context transferred by the source during the handover preparation phase. 
Proposal 2: As in legacy HO, the handover command will only include the target cell configuration generated by the target node.
Proposal 3: Once the handover command is transmitted to the UE, network reconfiguration of the source cell is not supported.
Proposal 4: Upon reception of the handover command, the UE keeps the source cell configuration. 
Proposal 5: If the UE cannot simultaneously support the source cell configuration and the target cell configuration received during the handover, the UE may autonomously drop all the Scell resources in the source cell and just keep the source PCell configuration. In this case, it is FFS whether Scell resources are released immediately after receiving the handover command or after contention resolution in the target (during which only target Pcell resources are used).
Furthermore, even if dual active protocol stack solution is adopted, we think the "single UL data transmission" principle should be adopted:
Proposal 6: After the first UL grant is received in the target cell, data transmission in the UL only occurs in the target (while ACK/NACKs for DL data transmission could still be transmitted in the source).
Besides LTE DC-like UE capability coordination, we think we should also avoid the specification of TDM pattern negotiation, which: 
· (by definition) would anyway not allow to reach 0 ms radio level interruption time in the uplink
· would be limited to the case of synchronized networks
· would potentially require RAN1 involvement (while RAN1 is not expected to be involved in the Work Item).
Proposal 7: No TDM schemes will be defined to support simultaneous UL transmission, which is left to UE implementation. If the UE is equipped with 2 TX (and they can be used, e.g. in inter-freq HO cases) simultaneous UL transmission will be possible. If the UE is equipped with 1 TX only (or 2 TX cannot be used, e.g. in intra-freq HO cases) simultaneous UL transmission will not be possible and the UE shall prioritize UL transmission in the target cell.

If all the above proposals are agreed, the co-sourcing companies believe the dual active protocol stack solution can probably be specified in the expected time frame (and with the expected TU allocation).

Observation 2: If proposals 1 ~ 7 are agreed, dual active protocol stack solution can probably be specified in the expected time frame (and with the expected TU allocation).

Conclusions
The following observations and proposals were made in the paper:

Observation 1: To minimize the HO interruption time in LTE, single active protocol stack option 0/1 (i.e. one active PDCP/RLC entity and two active PHY and MAC entities during transmission of msg1&msg2, as defined in [2]) is sufficient.

Observation 2: If proposals 1 ~ 7 are agreed, dual active protocol stack solution can probably be specified in the expected time frame (and with the expected TU allocation).

Proposal 1: LTE DC-like UE capability coordination between the source node and target node will not be specified. Instead, the target node may decide, by network implementation means, the target cell configuration based on the UE context transferred by the source during the handover preparation phase. 
Proposal 2: As in legacy HO, the handover command will only include the target cell configuration generated by the target node.
Proposal 3: Once the handover command is transmitted to the UE, network reconfiguration of the source cell is not supported.
Proposal 4: Upon reception of the handover command, the UE keeps the source cell configuration. 
Proposal 5: If the UE cannot simultaneously support the source cell configuration and the target cell configuration received during the handover, the UE may autonomously drop all the Scell resources in the source cell and just keep the source PCell configuration. In this case, it is FFS whether Scell resources are released immediately after receiving the handover command or after contention resolution in the target (during which only target Pcell resources are used).
Proposal 6: After the first UL grant is received in the target cell, data transmission in the UL only occurs in the target (while ACK/NACKs for DL data transmission could still be transmitted in the source).
Proposal 7: No TDM schemes will be defined to support simultaneous UL transmission, which is left to UE implementation. If the UE is equipped with 2 TX (and they can be used, e.g. in inter-freq HO cases) simultaneous UL transmission will be possible. If the UE is equipped with 1 TX only (or 2 TX cannot be used, e.g. in intra-freq HO cases) simultaneous UL transmission will not be possible and the UE shall prioritize UL transmission in the target cell.
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