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[bookmark: _Ref165266342]Introduction
According to the mobility discussion in the RAN2#105bis meeting [1], one key is how ROHC is functional in the SAPS (Single Active Protocol Stack) and DAPS (Dual Active Protocol Stack). In this contribution, we discuss the details on how the ROHC is implemented in SAPS and DAPS.
Discussion
DL ROHC compression/decompression in SAPS-Option 2
According to the current MAC specification [1], if the UE is configured with a target serving PCell, the UE starts monitoring the PDCCH addressed to C-RNTI immediately on the target PCell, even during the RACH procedure to the target cell.
Observation 1: The legacy UE monitors the PDCCH addressed to C-RNTI on the target PCell during the RACH to the target PCell.
For some handover cases, the eNB can blindly schedule the UE on the target cell after sending the handover command to the UE, so as to reduce the handover interruption. Then during the handover the UE could receive some PDCP PDUs during the RACH procedure to the target PCell.
Observation 2: The legacy UE may receive some PDCP PDUs from the target PCell during the RACH procedure to the target PCell in some handover cases.
According to the email discussion [1] on the SAPS and the DAPS, the SAPS solution would require the UE to have the simultaneous DL PDSCH receptions from both the source cell and the target cell, and the UL data transmission to the source cell during the RACH procedure to the target cell. According to the observation 1 and 2 given above, the UE of the SAPS could receive the PDCP PDUs from both the source cell and the target cell during the RACH to the target PCell.
Observation 3: The UE of the SAPS could receive the PDCP PDUs simultaneously from both the source cell and the target cell during the RACH to the target PCell.
In order to decompress/decipher the target PDCP PDU, the target ROHC context and the target security key of the UE needs to be active. Then this is contradict with the SAPS descriptions as given in [2]. In order to allow the SAPS work, RAN2 is kindly requested to confirm that the UE configured with SAPS does not receive any PDCP PDU of DRB during the RACH to the target cell. This means that the blind scheduling during the SAPS is not permitted. Furthermore
Proposal 1: RAN2 is kindly requested to confirm that the UE configured with SAPS does not receive any PDCP PDU of DRB during the RACH to the target cell.
According to the SAPS description [1], the target ROHC context/entity is only used after the completion of the handover compete transmission. Here we assume that “the completion of the handover compete transmission” means that the UE has successful RACH completion (e.g. successful contention resolution). According to the SAPS procedure, the UE needs to release the source protocol entities of RLC and MAC after the transmission of the handover complete message. Here we would expected that the source RLC entity needs to send the buffered RLC PDUs to the PDCP before releasing the RLC entity, so as to avoid the DL packet loss. Then RAN2 is kindly requested to confirm that the RLC entity of the source cell is reestablished and then released after the MAC indicates the successful contention resolution. Then the PDCP entity can trigger the re-establishment procedure to process (i.e. decompress) the PDCP PDUs delivered from the RLC entity and trigger the PDCP status report to the target cell. If two PDCP entities (one for the source and another for the target) are used, the target PDCP entity can be release after the re-establishment of the source PDCP entity.
Proposal 2: The source RLC entity is firstly re-established and then released after the MAC indicates the successful contention resolution.
Proposal 3: The PDCP entity is re-established after the MAC indicates the successful contention resolution.



Figure 1: How to avoid the simultaneous processing of the PDCP PDUs from both the source cell and the target cell by the network
However as the RLC could have lots of data buffered in the RLC reordering buffer, the PDCP entity needs some time to process the PDCP PDUs delivered by the re-established source RLC entity, and the processing time could be tens of milliseconds. The legacy handover has no such issue as the UE applies the radio configuration of the target cell after the re-establishment of the PDCP, and then the PDCP entity can only receive the target PDCP PDU after the re-establishment procedure of the PDCP. However the SAPS solution needs to radio resource configuration applied earlier before the release of the source cell, so as to reduce the DL data transmission interruption. Then the target RLC entity is able to receive the target RLC SDU immediately after the RACH completing or after the release of the source cell, even though the PDCP entity has not competed the PDCP re-establishment procedure. 
Observation 4: The processing time (i.e. header decompression and deciphering) of the PDCP PDUs delivered by the re-established source RLC entity could be tens of milliseconds.
Observation 5: The PDCP entity could receive the target PDCP PDU before completing the header decompression of the source PDCP PDU(s).
To avoid using the two ROHC contexts at the same time (given that the cyphering could also have the same issue), we could have the following options:
· Option 1: The target eNB by implementation should avoid sending the PDCP PDU to the UE before the UE competes the processing of the source PDCP PDU.
· Option 2: The target RLC entity does not deliver the RLC SDU to the PDCP entity until the PDCP entity competes the processing of the source PDCP PDU.
· Option 3: The PDCP entity does not process the target PDCP PDU until the PDCP entity competes the processing of the source PDCP PDU.
Option 2 requires some cross-layer design which is quite challenging and complex for the UE implementation. For Option 3, if two PDCP entities (i.e. one for the source and one for the target) are used, the UE implementation would be also very complex, as the processing of the target PDCP PDUs in the target PDCP entity would rely on the processing completion of the source PDCP entity. Thus we consider that Option 1 could be one solution to resolve the issue given by Observation 4 and 5. However the pain of Option 1 is the extra DL data transmission interruption in the Uu interface.
Proposal 4: The target eNB by implementation avoids sending the PDCP PDU to the UE before the UE competes the processing of the source PDCP PDU.

UL ROHC compression/decompression in SAPS-Option 2
For the uplink header compression at the UE, we consider that before the RACH completion, the UE uses the source ROHC context to compress the PDCP SDU. And the target ROHC context can be used after the RACH completion. 
Proposal 5: The UE uses the source ROHC context to compress the PDCP SDU before the MAC indicates the successful contention resolution.
Proposal 6: The UE uses the target ROHC context to compress the PDCP SDU after the MAC indicates the successful contention resolution.
Regarding the eNB behaviors, we would expect that the source eNB and the target eNB can use their own ROHC context independently and separately for the PDCP PDU decompression.
DL ROHC compression/decompression in DAPS
The DAPS solution can have a single ROHC entity when the drb-ContinueROHC is configured. According to the email discussion in [2], the UE should have two separate ROHC contexts/entities, one for the target link and one for the source link.
Proposal 7: If drb-ContinueROHC is configured for DAPS, one PDCP entity has only one ROHC entity.
Proposal 8: If drb-ContinueROHC is not configured for DAPS, one PDCP entity has two ROHC entities, one for the PDCP PDU from the source connection and another for the PDCP PDU from the target connection.
If the source connection is released, then the UE just releases the ROHC entity for the source connection. Then the target connection can still work properly with target ROHC entity.
Proposal 9: When the source connection is released, the UE releases the ROHC entity for the source connection.
According to the current LTE specification, the ROHC function can only work properly for the in-sequence received PDCP PDU. Thus we consider the alike the NR PDCP procedure, the decompression can be performed when the PDCP SDU is submitted to the upper layer after the PDCP reordering.
Proposal 10: If the UE is configured with DAPS, the decompression is only performed when submitting the received PDCP SDU to the upper layer after the PDCP reordering.
Regarding the eNB behaviors, we would expect that the source eNB and the target eNB can use their own ROHC context independently and separately for the PDCP SDU compression.
UL ROHC compression/decompression in DAPS
According to the discussion so far, the DAPS solution regarding the uplink data transmission could have the following two Options:
· Option 1: Single uplink data transmission
· Option 2: Dual uplink data transmission
Regarding Option 1 and Option 2, we think the ROHC behavior has no difference, as the UE needs to have simultaneous down data reception from both the source and target and the ROHC entity for DL decompression and UL compression could be the same ROHC entity. It is not possible to reset the ROHC entity of the UL without resetting the DL. This means that the UE needs to keep two ROHC entities/contexts, one for the source link and one for the target link, at the same time.
Proposal 11: If the UE is configured with DAPS, the UE uses the source ROHC entity for the PDCP SDU sent via the source connection and the target ROHC entity for the PDCP SDU sent via the target connection.
Regarding the eNB behaviors, we consider that the received PDCP PDU can be decompressed directly at the eNB side, as the RLC entity of the eNB can ensure the in-sequence delivery to the PDCP entity and the compressed PDCP SDU of each ROHC entity will arrives at the reception side always in-sequence. There is no specification impacts on the eNB side regarding the uplink decompression.
Observation 6: For the UL decompression of the DAPS solution, the source eNB and the target eNB can decompress the received PDCP PDU directly as the compressed PDCP SDU of each ROHC entity will always arrive in-sequence at the receiving PDCP entity.

Conclusions
Based on the analysis given above, we have the following Observations and Proposal.
For the SAPS solution:
Observation 1: The legacy UE monitors the PDCCH addressed to C-RNTI on the target PCell during the RACH to the target PCell.
Observation 2: The legacy UE may receive some PDCP PDUs from the target PCell during the RACH procedure to the target PCell in some handover cases.
Observation 3: The UE of the SAPS could receive the PDCP PDUs simultaneously from both the source cell and the target cell during the RACH to the target PCell.
Observation 4: The processing time (i.e. header decompression and deciphering) of the PDCP PDUs delivered by the re-established source RLC entity could be tens of milliseconds.
Observation 5: The PDCP entity could receive the target PDCP PDU before completing the header decompression of the source PDCP PDU(s).
Proposal 1: RAN2 is kindly requested to confirm that the UE configured with SAPS does not receive any PDCP PDU of DRB during the RACH to the target cell.
Proposal 2: The source RLC entity is firstly re-established and then released after the MAC indicates the successful contention resolution.
Proposal 3: The PDCP entity is re-established after the MAC indicates the successful contention resolution.
Proposal 4: The target eNB by implementation avoids sending the PDCP PDU to the UE before the UE competes the processing of the source PDCP PDU.
Proposal 5: The UE uses the source ROHC context to compress the PDCP SDU before the MAC indicates the successful contention resolution.
Proposal 6: The UE uses the target ROHC context to compress the PDCP SDU after the MAC indicates the successful contention resolution.

For the DAPS solution:
Observation 6: For the UL decompression of the DAPS solution, the source eNB and the target eNB can decompress the received PDCP PDU directly as the compressed PDCP SDU of each ROHC entity will always arrive in-sequence at the receiving PDCP entity.
[bookmark: _GoBack]Proposal 7: If drb-ContinueROHC is configured for DAPS, one PDCP entity has only one ROHC entity.
Proposal 8: If drb-ContinueROHC is not configured for DAPS, one PDCP entity has two ROHC entities, one for the PDCP PDU from the source connection and another for the PDCP PDU from the target connection.
Proposal 9: When the source connection is released, the UE releases the ROHC entity for the source connection.
Proposal 10: If the UE is configured with DAPS, the decompression is only performed when submitting the received PDCP SDU to the upper layer after the PDCP reordering.
Proposal 11: If the UE is configured with DAPS, the UE uses the source ROHC entity for the PDCP SDU sent via the source connection and the target ROHC entity for the PDCP SDU sent via the target connection.
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Annex
The following figure of the SAPS (Single Active protocol stack - Option 2) is extracted from [1]:

The following specification impacts of SAPS is extracted from [1]:
	Option 0:
There is always one single PDCP/RLC entity in the UE. The spec for R14 MBB can be reused with some update, e.g.:
· With the reception of HO CMD, establish target PHY/MAC, store the target key and keep data reception/transmission with source;
· With the reception of RAR, stop data transmission/reception with the source cell and re-establish PDCP and RLC; 
Option 1/ Option 2:
[bookmark: OLE_LINK5]There are two protocol stacks before the release of the source protocol. Impacts on the spec including:
· With the reception of HO CMD, establish the target protocol, store the target key and keep data reception/transmission with source;
· With the reception of RAR (Option 1) or after transmission of the HO complete (Option 2), stop data transmission/reception with the source cell;
· [bookmark: OLE_LINK6]Delete the source protocol, either implicitly or explicitly (according to the indication from the NW);
· Impacts on PDCP spec to keep the PDCP SN and reordering operation contiguous, e.g. when deleting the source PDCP, the variables/status of the source PDCP should be transferred to the target PDCP, and new procedure will be defined in PDCP specs.
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