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Discussion and Decision
1      Introduction
New WI “Even further Mobility enhancement in E-UTRAN” was approved in [1]. It was agreed to use contribution [2] as a baseline to compare the two architecture options for simultaneous connectivity handover. The agreements are:

=>
Use the protocol stack comparison in this contribution as baseline for further discussions between the split bearer and non-split bearer solutions.

=>
We should discuss the security key aspects more when we discuss the details of the solutions.

=>
Consider how to do reordering in non-split case

=>
FFS whether single or dual RRC (and e.g. whether we have 1 or 2 S1-C connections) is considered (S1-C would affect also RAN3)

=>
FFS how duplication is considered (depending on solution details)
After RAN2#104, the comparison between split bearer based approach, and non-split bearer based approach is discussed in [3]. Majority of companies preferred non split bearer based approach. However there are still some issues need to be addressed. 
New WI “NR mobility enhancements” was approved in [4]. Simultaneous connectivity is one of potential solution. As proposed in [5], 

For non-split bearer based approach, take LTE summary as baseline for further discussion:

· PDCP SN assignment (for DL) is done at source eNB. PDCP SDUs and the SN assigned to each SDU are then forwarded to target eNB

· RoHC and remaining PDCP functions (e.g. ciphering, PDCP PDU creation) are executed separately at each network node

· The procedure when UE detaches from the source cell is explicitly defined in the specifications (e.g. either via procedural text or via dedicated message/indication.) 
· In case of two active protocol stacks, a separate security key is used for each of the protocol stacks

· Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
· Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;

In this contribution, we provide further details on non-split bearer architecture option for simultaneous connectivity handover:

· The open issues on single or dual RRC, reordering in non-split case and packet duplication handling for simultaneous connectivity;
· The open issues in [3], e.g. a single active protocol stack or two active protocol stacks, when detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side.  
2      Discussion

2.1     Open issues in email discussion [3]
As indicated in email discussion [3], solution 2.3, our understanding is 

· Brief description: there are two steam of data (one from source and one from target) to the UE. UE maintain two PHY/MAC/RLC/PDCP protocol stacks. When receiving packet from source cell, the UE process PHY/MAC/RLC and then decipher the PDCP packet based on source key and store the packet in a common buffer. When the UE receives packet from target cell, the UE does the same process (but deciphering is based on target key) and put deciphered PDCP packet into the common buffer. Regardless of duplication, a common buffer is needed for PDCP reordering between source and target cells. Therefore, handling packet duplication in the same place will not be so difficult. Finally, ROHC decompression and send packet to the higher layer.
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Figure 1: protocol stack for non-split bearer architecture support simultaneous connectivity HO
The open issues are:

Issue 1: whether a single active protocol stack or two active protocol stacks;

Single active protocol stack: company’s assumption is that: (solution 2.6) The UE keeps data transmission with the source while it performs random access to the target. As soon as random access succeeds, the UE performs PDCP data recovery, stops DL/UL transmission with the source and start DL/UL data transmission with the target.
Two active protocol stacks: the UE shall continue the DL reception from both source and target until source has been deleted;

We list the comparison between these two approaches as below:

	
	Single active protocol stack
	Two active protocol stacks

	Capability requirement on UE side
	2 RX

The UE still needs to support two active protocol stack for a while, at least during RACH procedure in target cell, the UE needs to be ready to do UL/DL reception/transmission in source, and MSG1/MSG2 in target cell. 
	2 RX



	Waste of resources in source cell
	Yes

The UE will detach from the source early than source itself since source can only know this based on the indication from target; Therefore source will continue the transmission although the UE has stopped the reception;
	No

	0ms interruption time
	Additional interruption is expected since the target gNB doesn’t know whether this UE move to target cell until MSG3 is received.
	Yes

Since the UE can receive the data from both source and target;

	Complexity on UE side
	Two protocol stacks, only one is active, however common reordering is still needed to handle the data received from source and target although they are not arrived simultaneously;


	Two protocol stacks, but active simultaneously;
Additional processing capability is needed;

From protocol perspective, it is same as single active protocol stack approach;

	Complexity on network side
	
	Additional coordination is needed for simultaneous transmission;


Based on above analysis, two active protocol stacks have little additional complexity compared with single active protocol stack, but also have better performance. 

Proposal 1: Two active protocol stacks should be adopted for 0ms interruption time.
Issue 2: when detaching from the source shall occur and whether it has to be separately considered from the UE’s and NW’s side.
As indicated above, if the UE stops DL/UL reception/transmission before the source, waste of radio resources will happen. But if the source stops DL transmission, and UL scheduling first, there should no problem. To have predicable result, the procedure should be:
1 The target node indicates the release to source after successful HO;

2 The source stops the transmission and scheduling to the UE;

3 The target node indicates the release of source to the UE;

Proposal 2: The UE releases the source and stop DL/UL reception/transmission only when receiving the “release” from target node.
Proposal 2b: The source releases the UE context, and stop DL/UL transmission/ scheduling when receiving the “release” from target node.
Issue 3: whether RoHC is performed separately in two protocol stacks

In the email discussion, most companies prefer to have separate ROHC for source path and target path, and common PDCP reordering. However, currently ROHC is performed after PDCP reordering. The PDCP protocol stack will be:
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That means after reordering, the PDCP needs to remember from which entity the packet is, and then delivery it to corresponding entity for header decompression, which is quite strange. Another option could be to perform header decompression before reordering, but it does not work for NR since NR RLC cannot guarantee in sequence delivery. 
Proposal 3: Ask RAN2 to discuss whether it is desirable to have common reordering, but separate ROHC.
2.2     Other open issues
Issue 4: support of packet duplication

For simultaneous handover, the UE will maintain connectivity with source cell until source cell is released. These two stream of data from source and target can be different packets which will result in higher throughput. On the other hand, if the data are the same, the reliability is increased. During handover, it is difficult to know if source cell channel or target cell channel is better during the handover period. Especially in LTE, omni directional antenna is used, cell edge channel condition for both source and target cell are very poor, therefore, achieve reliable can help with HO performance and also can reduce the interruption cause packet delay in poor link. 

As we can see in Figure 1, there are two steam of data (one from source and one from target) to the UE. UE maintain two PHY/MAC/RLC/PDCP protocol stacks. When receiving packet from source cell, the UE process PHY/MAC/RLC and then decipher the PDCP packet based on source key and store the packet in a common buffer. When the UE receives packet from target cell, the UE does the same process (but deciphering is based on target key) and put deciphered PDCP packet into the common buffer. Regardless of duplication, a common buffer is needed for PDCP reordering between source and target cells. Therefore, handling packet duplication in the same place will not be so difficult. 
Since packet duplication can increase reliability of HO and hence achieve a better HO performance while handling PDCP duplication in the common buffer is also not too difficult, it is proposed to support packet duplication for simultaneous connectivity handover.

Proposal 4: support packet duplication for simultaneous connectivity handover.

Issue 5: single RRC or dual RRC 
We think RRC diversity can provide reliability during handover because of the unstable channel condition between source and target cell similar to data packet discussed above. However, there should be a clear understanding on which node is responsible for the RRC connection of the UE and which node generates the RRC message. That is, there should be only one node generating the RRC messages to the UE at any given time. This will maintain the architecture of single connectivity RRC and simplify the RRC protocol, otherwise we will need to have make sure RRC message consistency between source and target and the inter-node RRC communication. Therefore, it is proposed to have one node generate RRC message at any given time. Additionally, RRC diversity can be supported, i.e. the RRC PDU can be transferred via source cell or target cell, or source and target cell together.

Proposal 5: only one node is responsible for the RRC Connection of the UE and generate RRC message at any given time (i.e. a defined time in which source cell will generate the RRC before and target will generate the RRC after).

Proposal 6: RRC diversity can be supported by the lower layers.

Issue 6: when should the UE switch the RRC to target? 

For legacy HO, the UE will detach from source cell upon reception of HO command, therefore the UE will not receive any further messages from the source. If the UE can receive data from both source and target path simultaneously, it would be good to let the UE maintain the RRC connection with source in order to avoid HO failure (T304 expires) until the UE finish RACH procedure, and send RRCConnectionReconfigurationComplete to target successfully. If HO failure happens during this period, the UE can just use source link to indicate the failure to source instead of reestablishment. 
Proposal 7: The UE maintains the RRC connection with source until the completion of RACH procedure.
Proposal 8: The UE should indicate failure to source instead of reestablishment if T304 expires.
3      Conclusion

Proposal 1: Two active protocol stacks should be adopted for 0ms interruption time.
Proposal 2: The UE releases the source and stop DL/UL reception/transmission only when receiving the “release” from target node.
Proposal 2b: The source releases the UE context, and stop DL/UL transmission/ scheduling when receiving the “release” from target node.
Proposal 3: Ask RAN2 to discuss whether it is desirable to have common reordering, but separate ROHC.
Proposal 4: support packet duplication for simultaneous connectivity handover.

Proposal 5: only one node is responsible for the RRC Connection of the UE and generate RRC message at any given time (i.e. a defined time in which source cell will generate the RRC before and target will generate the RRC after).

Proposal 6: RRC diversity can be supported by the lower layers.

Proposal 7: The UE maintains the RRC connection with source until the completion of RACH procedure.

Proposal 8: The UE should indicate failure to source instead of reestablishment if T304 expires.
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