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Discussion and Decision
1 Introduction
RAN2#96 meeting has agreed that [1]
Agreements

1
RRC involved handover with at least MAC entity reset is supported
2
RRC involved handover with and without PDCP entity re-establishment is supported. (Confirmation required from SA3 that handover without security key change is acceptable)
Agreement 1 does not relate to multi-connectivity mechanisms to perform handover which is still to be studied 
FFS whether RRC involved (single connectivity) handover with and without RLC entity reset is supported
In NR AH#1meeting, some agreements on security has achieved that [2]
Agreements

1
Security key refresh is not performed at every mobility procedure (i.e. handover), at least for the case of mobility where the PDCP anchor point is not changed. (To be confirmed by SA3)
1a
RAN2 will let SA3 consider whether the agreement 1 has any implication on the inputs for key derivation (e.g. PCI)
RAN2#97bis meeting has agreed that [3]
Agreements
1: L2 handling of handover for AM mode:
     - 1: LTE-like handover
     - 2: No Key change, Data Recovery, RLC re-establishment

2: L2 handling of handover for UM mode:

     - 1: LTE-like handover
     - 2: No Key change, RLC re-established
3: L2 handling of handover for SRB:

     - 1: LTE-like handover
     - 2: No Key change, RLC re-established

In LTE, if PCell needs to be changed in CA scenario, normal handover procedure is executed with security key change, i.e. the UE performs L2 reset/re-establishment and random access towards the target PCell. In NR, it has agreed that handover can be handled without security key change when the PDCP anchor point is not changed. To reduce interruption and improve user experience, PCell change procedure should be optimized in NR.
This paper will mainly discuss the enhancement for PCell change in NR, e.g. whether RACH is necessary for PCell change, whether PCell change needs security key change and etc.
2 Discussion
In LTE, normal handover procedure is performed to support PCell change within serving cells in CA, i.e. after receiving the Handover command, the UE would reset L2, change security key and perform RACH procedure no matter whether the target Pcell has already been activated or not. As illustrated in TS36.300 [4], there are five typical scenarios for CA deployment in LTE. Since PCell is UE specific, it can be decided by the gNB based on some factors, e.g. measurement results, network load balancing and etc. Therefore, gNB can change UE’s PCell based on its policy, e.g. the gNB can select the SCell to be the new PCell whose RSRP/RSRQ is better than the old PCell. For scenario1/2/5, since inter-band CA is allowed and the good enough cell but with small coverage can be selected as PCell, PCell would be changed in intra-eNB or inter-cell handover. For scenario3, PCell would be changed when the mobility path is circling around the eNB. For scenario4, when the UE at the macro cell edge is moving in and out of the remote radio head cell, it would change the PCell. In NR CA scenario, it is also possible for a UE to change PCell.
Observation 1: In LTE, normal handover procedure is performed to change PCell.
To improve throughput, HetNet is introduced and the UE can be served by the macro and pico cells. In HetNet scenario, since pico cells may be distributed randomly all over the macro cell, PCell change would happen frequently. In NR, due to high frequency band can be used to provide high capacity, more pico cells would be deployed, thus PCell would be changed more frequently. Furthermore, PCell change would be more frequent for a high speed UE, and fast PCell change procedure may be required based on UE mobility, e.g. speed, direction and etc. 

Observation 2: In NR, PCell would be changed frequently especially in HetNet scenario, and fast PCell change procedure may be required.
In CA case, if one serving SCell is changed to be PCell, there is no need for the UE to perform RACH procedure to the target PCell as it has already synchronized with the target PCell when the target PCell serves as the serving SCell. On the other hand, changing an active SCell to be the PCell causes no issue on L1 operation. 
In addition, L2 reset/re-establishment is not needed since both the PCell and the serving SCells share the same MAC/RLC/PDCP entity, in this way, interruption can be reduced.
When a non-serving cell is to be the PCell, normal handover procedure is the baseline for PCell change. To reduce impact on data transmission due to mobility, the target cell can be firstly added as SCell and then this SCell is changed to be PCell without RACH or L2 reset/re-establishment. 
Observation 3: During PCell change, RACH procedure can be skipped when the target cell is a serving SCell.
Observation 4: During handover in DC case, RACH procedure can be skipped when the MgNB/SgNB is changed to be SgNB/MgNB.
The above optimization for PCell change can reduce data loss and data transmission interruption, and it will not introduce much complexity for the UE and the network.
Proposal 1: In NR, RACH or L2 reset/re-establishment is not necessary for PCell change procedure if the target cell is a serving Scell or is with a SgNB.
In NR, it has agreed that security key can be unchanged when the PDCP anchor is not changed. The current security key can be reused in the case of intra-gNB handover, although it may need to be confirmed by SA3. Since all the serving cells have the same L2 entity, PCell change can be treated as intra-gNB handover and it can be done without security key change.
Proposal 2: In NR, security key change is not necessary for PCell change procedure if the PDCP anchor is not changed.
On the other hand, in DC case, the UE has two serving gNBs, i.e. MgNB and SgNB. If SgNB is changed to be MgNB, there is no need for the UE to perform RACH as it has already synchronized with the new MgNB when the new MgNB works as the SgNB.
3 Conclusion
This paper mainly discusses the enhancement for PCell change in NR, and we have the following observations and proposals:
Observation 1: In LTE, normal handover procedure is performed to change PCell.
Observation 2: In NR, PCell would be changed frequently especially in HetNet scenario, and fast PCell change procedure may be required.
Observation 3: During PCell change, RACH procedure can be skipped when the target cell is a serving SCell.
Observation 4: During handover in DC case, RACH procedure can be skipped when the MgNB/SgNB is changed to be SgNB/MgNB.
Proposal 1: In NR, RACH or L2 reset/re-establishment is not necessary for PCell change procedure if the target cell is a serving Scell or is with a SgNB.
Proposal 2: In NR, security key change is not necessary for PCell change procedure if the PDCP anchor is not changed.

4 Reference

[1] Chairman notes, “Draft Report of 3GPP TSG RAN WG2 meeting #96” 
[2] Chairman notes, “Draft Report of 3GPP TSG RAN WG2 NR AH#1 meeting”
[3] Chairman notes, “Draft Report of 3GPP TSG RAN WG2 meeting #97bis”
[4] TS 36.300, Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN)

 1/3

