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1. Introduction
During NR SI, RAN2 discussed and captured the following texts in TR 38.804 regarding network controlled mobility [1].
	The handover mechanism driven by RRC requires the UE at least to reset the MAC entity if multi-connectivity is not configured for the UE. The handover with and without re-establishing the PDCP entity is supported, which is to be confirmed by SA3 whether handover without security key change is acceptable. In-sequence and lossless delivery without duplicates (from upper layer viewpoint) is supported for handover within NR.



In 3GPP TSG-RAN WG2#97bis, the following agreements have been made for L2 handling during Handover:

Agreements: 
1: 2  handling of handover for AM mode:
-	1: LTE- like handover
-	2: No Key change, Data Recovery, RLC re-establishment
2: 2 handling of handover for UM mode:
-	1: LTE- like handover
-	2: No Key change, RLC re-established
3: 2 handling of handover for SRB:
-	1: LTE- like handover
-	2: No Key change, RLC re-established

During the April RAN 3 meeting, the NR CU-DU split architecture for Rel. 15 is agreed in [2]:
	Proposal WF in R3-171285

RAN3 has decided to select Option 2 (based on centralised PDCP/RRC and decentralised RLC/MAC/PHY) for normative work in Release 15. With this selection, RAN3 agreed to work on possible enhancements to option 2, to address fast centralized retransmission of lost PDUs during the normative phase of Release 15.



In this contribution, we will discuss the impact on control plane procedure due to intra and Inter CU mobility.
2. Discussion 
Based on above mentioned agreements of RAN WG2#97bis and baseline procedures captured in TR [1] for NR mobility or handover (HO), it is clear that PDCP will not be re-established and reset for every mobility procedure in NR. In LTE for every mobility procedure PDCP, RLC and MAC entities are reset and re-established which can cause loss of data and interruption in user plane services.
Observation 1: In LTE RAT PDCP, RLC and MAC entity will be reset and Re-establish for every mobility procedure in LTE.
The various possible option for Function Split between central unit (CU) and distributed unit (DU) are captured in TR 38.801[3], as illustrated in Figure 1.


Figure 1: Function Split between central and distributed unit
RAN3 has decided to select Option 2 (based on centralised PDCP/RRC and decentralised RLC/MAC/PHY) for normative work in Release 15 for CU-DU split architecture. NR Centralized deployment consist of CU, DU, and TRPs (Transmission Reception Point) nodes. Due to these different nodes multiple types of mobility procedure are possible. Table 1 has the summary of different possible mobility options in NR Centralized deployment and there possible impact on L2 entities i.e. PDCP/RLC/MAC.
Summary:
	Type of mobility
	Type of Change
	PDCP
	RLC
	MAC

	Inter – CU HO
	CU change 
	Re-establishment
	Re-establishment
	Reset

	Intra CU- Inter DU HO
	DU change
	No Impact
	Re-establishment
	Reset

	Intra DU- Inter TRP
	TRP change(Beam change)
	No Impact
	No Impact
	No Impact

	Intra DU- intra TRP
	Beam change
	No Impact
	No Impact
	No Impact



Table 1: Summary of Type of possible Mobility Option and possible impacts on L2 entity
As listed in table 1 there are few mobility type where reset or re-establishment is needed for PDCP/RLC/MAC entity and in few cases only RLC and MAC re-establishment and reset is required. In certain types of mobility like Intra DU- Inter TRP , Intra DU- intra TRP where there is no involvement of RRC , there is no impact on layer 2 entities i.e. PDCP/RLC/MAC. 
Note: The impact on MAC entity due to beam change is not the scope of this discussion. 
Observation 2: In NR PDCP, RLC and MAC entity will not be reset and Re-establish for every mobility procedure in NR.
During LTE mobility as all the Layer2 entities i.e. PDCP/RLC/MAC are either re-establish or reset so only handover indicator is enough for the UE to complete the HO procedure . In case of NR reset or re-establishment of layer2 entities depending on type of mobility, so it is important for the UE to determine which layer2 entity needs to be reset or re-establish. 
During Intra CU-inter DU HO case as mentioned in Table 1, there is no need of PDCP re-establishment as PDCP does not change but it is required to perform re-establishment and Reset for RLC and MAC entity as RLC and MAC entity at NW side change. In this case UE needs to determine that only RLC and MAC reset/re-establishment is needed and there is no need to do PDCP re-establishment. 
We need to define new mechanism in NR through which UE can determine when it receives HO command, which all layer2 entity will be impacted. 
NW can send indication to the device for each mobility procedure which ensures that UE only reset or re-establish the PDCP, RLC and MAC when needed. NW can send these indications based on type of mobility as listed above in Table 1. During intra CU – inter DU HO case, PDCP is not changed so there is no need to do PDCP re-establishment. NW can set the parameter which indicates that PDCP entity need not to be re-established for this handover. Based on this indication UE can take appropriate action on different layer2 entities. As UE cannot make out of its own type of mobility i.e. intra /Inter CU or intra /Inter DU HO, these indications will help the UE to take appropriate action.
Proposal 1: Need to introduce new parameters in RRC message which will indicate the action for layer 2 entities i.e. PDCP, RLC and MAC entity during mobility procedure. These parameters will indicate whether UE needs to reset/re-establish the layer2 entities or not.
NW can also choose to use the security parameters to indicate the UE whether PDCP entity needs to be re-established or not. In LTE, NW share security parameters during handover procedure which can be due to cell change or when keys refresh happens. In NR, NW can also share these security parameters during handover procedure or when keys refresh happens. Once UE receives security parameters it can further detect whether PDCP needs to be re-established or not. Procedure at UE to detect the need of PDCP re-establishment based on security parameters in NR is FFS.
Proposal 2: Based on security key parameters, UE will determine whether PDCP entity needs to be                     re-established or not. Procedure at UE to detect the need for PDCP re-establishment in NR is FFS.

PDCP Data Recovery Procedure in LTE:

PDCP data recovery procedure is introduced in LTE for LTE DC and LWA procedure. This procedure is triggered when for specific radio bearer PDCP entity is not re-established but the RLC entity associated with this PDCP entity is re-established or released. This can happen during LWA to LTE only DRB change or when SCG RLC entity for MCG split DRB is re-established due to SN change. In all these cases there is no change in PDCP entity but the corresponding RLC entity is re-established or released. Due to re-establishment or release of RLC entity, the data will be lost so to recover this lost data at RLC PDCP data recovery is introduced.
Observation 3: PDCP data recovery procedure is initiated when PDCP entity is not re-established but the RLC entity associated with this PDCP entity is re-established or released.
Observation 4: In LTE PDCP data recovery procedure is supported when SCG RLC entity associated with MCG split DRB is re-established due to SN change.
During PDCP data recovery procedure for a radio bearer, the UE shall:
a. If the radio bearer is configured by upper layers to send a PDCP status report in the uplink, compile a status report and send it to the NW.
b. Perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers.

In NR for every mobility procedure PDCP entity will not be re-established. There are few mobility procedures as mentioned in Table 1 which does not require PDCP re-establishment but there is need to do re-establishment/reset RLC and MAC entity. For MCG split DRB already PDCP data recovery procedure is defined in LTE as mentioned in Observation 4 and same can be adopted for NR also. 
In LTE, UE performs “PDCP re-establishment” (not “PDCP data recovery”) for SCG bearers as PDCP entity will be always re-established, but this will not be true for NR as the  handover with and without re-establishing the PDCP entity is supported.
 Observation 5: In LTE, PDCP data recovery procedure is not supported for SCG bearer during mobility procedure.
During Intra CU-inter DU HO case as mentioned in Table 1, there is no need of PDCP re-establishment as PDCP does not change but it is required to perform re-establishment and Reset for RLC and MAC entity as RLC and MAC entity at NW side change. In case we only reset/re-establish the RLC and MAC entity associated with SCG DRB but did not re-establish the  PDCP entity then there is no way for recovery of lost data which happen due to SCG RLC re-establishment procedure . RLC re-establishment includes state variable and timer reset, SDU segment discard etc. 
There is need to introduce the PDCP data recovery procedure for the SCG DRB. In case RLC entity associated with SCG DRB is re-established but PDCP entity is not re-established, then UE and NW should perform PDCP data recovery procedure. 
Split bearer via SCG is new bearer type which is introduced for dual connectivity between LTE and NR.In this case if UE and NW do reset/re-establish the RLC and MAC entity associated with SCG split DRB but did not re-establish the PDCP entity then UE and NW needs to perform PDCP data recovery procedure to recovery lost data due to reset/re-establishment of RLC and MAC entity.
Proposal 3: PDCP data recovery procedure should be performed for SCG DRB and SCG split DRB if RLC entities associated with these DRBs are re-established without PDCP re-establishment.
3. Conclusion 
This contribution discusses the impacts on Control Plane procedure for NR mobility from the perspective of RAN2 and suggests:
Observation 1: In LTE RAT PDCP, RLC and MAC entity will be reset and Re-establish for every mobility procedure in LTE.
Observation 2: In NR PDCP, RLC and MAC entity will not be reset and Re-establish for every mobility procedure in NR.
Observation 3: PDCP data recovery procedure is initiated when PDCP entity is not re-established but the RLC entity associated with this PDCP entity is re-established or released.
Observation 4: In LTE PDCP data recovery procedure is supported when SCG RLC entity associated with MCG split DRB is re-established due to SN change.
Observation 5: In LTE, PDCP data recovery procedure is not supported for SCG bearer during mobility procedure.
Proposal 1: Need to introduce new parameters in RRC message which will indicate the action for layer 2 entities i.e. PDCP, RLC and MAC entity during mobility procedure. These parameters will indicate whether UE needs to reset/re-establish the layer2 entities or not.
Proposal 2: Based on security key parameters, UE will determine whether PDCP entity needs to be                     re-established or not. Procedure at UE to detect the need for PDCP re-establishment in NR is FFS.
Proposal 3: PDCP data recovery procedure should be performed for SCG DRB and SCG split DRB if RLC entities associated with these DRBs are re-established without PDCP re-establishment.
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