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Introduction
During RAN3 #96 the procedures over the F1 interface were discussed. It was noted that the stage 2 procedures should be agreed before considering the stage 3 details. Further in RAN3 #97 some basic stage 2 procedures were agreed. In this contribution, we discuss the stage 2 Intra-gNB-CU handover procedure agreed in TS 38.401 V0.3.0 and we analyse the details of some steps and propose a resolution for the FFS.
Intra-NR Mobility  
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation. The call-flow for the inter-gNB-DU handover as agreed in TS 38.401 V0.3.0 is shown in Fig. 1. Three FFS related to this procedure are captured in TS 38.401 V0.3.0. In the following, we propose the resolution of these FFS.


		Figure 1: Inter-gNB-DU mobility for intra-NR.
The first FFS in TS 38.401 V0.3.0 is related to steps 5-7 and is reported below: 
· Editor’s note: Whether the indication to stop the data transmission should be included in Downlink RRC Transfer or UE Context Modification Request or a new F1AP message is FFS.
We believe that using a class 1 procedure to inform the source gNB-DU about the handover (HO) is the best way forward, since it could be leveraged to provide also information to facilitate the transfer of the unsuccessfully transmitted PDCP PDUs. In the following we explain in more detail. 
The handover could be either intra-gNB-CU or inter-gNB-CU. Let’s examine first the case of intra-gNB-CU handover. In this case the source gNB-DU and target gNB-DU are within the same gNB-CU. After being informed about the handover, the source gNB-DU should send information about the unsuccessfully transmitted PDCP PDUs to the gNB-CU. The most efficient way to achieve this seems to be to send the information over the F1-U using for instance the Downlink Data Delivery Status (DDDS) message. The reason for this is that the mobility does not require a change of gNB-CU and for that, handling of PDCP PDU transmission switch towards the target, as well as any potential PDCP PDU retransmission, can be handled at UP level. In this case, the source gNB-DU can inform directly the gNB-CU and transmission toward the target can start immediately afterwards. 
[bookmark: _Hlk494403969]The second case is the case of inter-gNB-CU handover. In this case the handover is between different gNBs. After being informed about the handover, the source gNB-DU should send information about the unsuccessfully transmitted PDCP PDUs to the source gNB-CU that then needs to send this information to the target gNB over the Xn-C interface (SN Status Transfer message). One more aspect to consider is that it is highly likely that the user plane and the control plane part of the gNB-CU will be in different boards or in different processors. Therefore, if for the inter-gNB-CU handover we choose to send the information about unsuccessfully transmitted PDCP PDUs using F1-U, as in the case of intra-gNB-CU handover, then the user plane part of the gNB-CU needs to extract this information and then send it to the control plane part that then forwards it to the target gNB. This is clearly inefficient. We can easily conclude that the most efficient way in the case of inter-gNB-CU handover is that the source gNB-DU uses F1-C (i.e., UE Context Modification Response message) to send the information about unsuccessfully transmitted PDCP PDUs to the source gNB-CU. Then, the source gNB-CU can directly send the information to the target gNB over Xn-C. 
Therefore, to summarize we can say that there are two distinct cases:
1. Intra-gNB-CU handover: In that case the most efficient way to send the information about the unsuccessfully transmitted PDCP PDUs is via F1-U.
2. Inter-gNB-CU handover: In that case the most efficient way to send the information about the unsuccessfully transmitted PDCP PDUs is via F1-C (i.e., UE Context Modification Response).
To that end and for efficient handling the gNB-CU should inform the gNB-DU if the handover is inter- or intra-gNB-CU. The UE Context Modification Request can be used to provide this information to the gNB-DU.
Based on the above analysis we propose the following:
[bookmark: _Hlk490206758][bookmark: _Hlk490206785]Proposal 1		Use the UE Context Modification Request message to inform the gNB-DU about the handover (e.g., to stop scheduling the UE).
Proposal 2	The gNB-CU should inform the source gNB-DU in the UE Context Modification Request message on whether the handover is inter- or intra-gNB-CU.
Proposal 3	The source gNB-DU should send the information about the unsuccessfully transmitted PDCP PDUs to the gNB-CU as follows:
1. In intra-gNB-CU handover the information is sent via F1-U;
2. In inter-gNB-CU handover the information is sent via F1-C (i.e., UE Context Modification Response).

The second FFS in TS 38.401 V0.3.0 is reported below: 
· Editor’s note: It is FFS when the gNB-CU should start transmitting Downlink packets (e.g., up to implementation).
The gNB-CU receives information about the unsuccessfully delivered PDCP PDUs in the DDDS (after step 8). Therefore, the gNB-CU can start sending DL data to the target gNB-DU after receiving the DDDS, as shown in Figure 1. However, it is possible that in an implementation the gNB-CU decides to start sending DL data to the target gNB-DU earlier. This may cause some out-of-order or duplicate delivery to the UE. However, this should not be a problem as the PDCP entity in the UE performs re-ordering and duplicate-detection. Therefore, the standard should not prevent this possibility. We believe that there is no reason for the standard to mandate exactly when the gNB-CU can start transmitting DL data toward the target gNB-DU. Therefore, we propose to not change the figure and to add a note that explains that in an implementation the gNB-CU can start transmitting DL data toward the target gNB-DU earlier. 
[bookmark: _Hlk494451394]Proposal 4		It is left to implementation when the gNB-CU should start sending DL packets toward the target gNB-DU. 

The third FFS in TS 38.401 V0.3.0 is reported below: 
· Editor’s note: Whether any security issue (e.g., ciphering key exchange) exists is FFS.
In RAN2 #96 it was agreed that RRC involved handover with and without PDCP entity re-establishment is supported. This was also confirmed by SA3 that the handover without security key change does not introduce security concerns and can be supported. Therefore, an optimized handover where PDCP re-establishment is not needed has already been agreed in RAN2 #96. Furthermore, the gNB-CU would instruct the UE if PDCP is re-established or not. In the case of handover lower-layers will anyway be changed, so there should not be any issues, for instance the UE will know based on which access link is used, which key is used. Based on the above considerations, we conclude that no security issues are foreseen.
Proposal 5		RAN3 does not foresee any security issue. 
Conclusion 
In this contribution, we analysed the handover procedure. We conclude with the following proposals:
Proposal 1		Use the UE Context Modification Request to inform the gNB-DU about the handover (e.g., to stop scheduling the UE).
Proposal 2	The gNB-CU should inform the source gNB-DU in the UE Context Modification Request on whether the handover is inter- or intra-gNB-CU.
Proposal 3	The source gNB-DU should send the information about the unsuccessfully transmitted PDCP PDUs to the gNB-CU as follows:
1. In intra-gNB-CU handover the information is sent via F1-U;
2. In inter-gNB-CU handover the information is sent via F1-C (i.e., UE Context Modification Response).
Proposal 4		It is left to implementation when the gNB-CU should start sending DL packets toward the target gNB-DU. 
Proposal 5		RAN3 does not foresee any security issue. 
Proposal 6		RAN3 is kindly asked to agree with the TP in Annex I.
Annex I: TP for TS 38.401

Start of Text Proposal for TS 38.401
[bookmark: _Toc483499649][bookmark: _Toc483507173]8	Overall procedures in gNB-CU/gNB-DU Architecture
*************** START OF MODIFIED SECTION***********

[bookmark: _Toc491800284][bookmark: _Toc491800470][bookmark: _Toc491801300][bookmark: _Toc491852988]8.2.1	Intra-NR Mobility
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This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation. Figure 8.2.1-1 shows the inter-gNB-DU mobility procedure for intra-NR.


Figure 8.2.1.1-1: Inter-gNB-DU Mobility for intra-NR
1.	The UE sends a Measurement Report message to the source gNB-DU.
2.	The source gNB-DU sends an Uplink RRC Transfer message to the gNB-CU to convey the received Measurement Report. 
3.	The gNB-CU sends an UE Context Setup Request message to the target gNB-DU to create an UE context and setup one or more bearers.
4.	The target gNB-DU responds the gNB-CU with an UE Context Setup Response message. 
[bookmark: _Hlk491397812]5.	The gNB-CU sends a UE Context Modification Request message, which includes a generated RRCConnectionReconfiguration message and indication to stop the data transmission for the UE, to the source gNB-DU. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the target gNB-DU.
Editor’s note: Whether the indication to stop the data transmission should be included in Downlink RRC Transfer or UE Context Modification Request or a new F1AP message is FFS.
Editor’s note: It is FFS when the gNB-CU should start transmitting Downlink packets (e.g., up to implementation).
6.	The source gNB-DU forwards the received RRCConnectionReconfiguration to the UE.
NOTE: In this procedure, the gNB-CU starts transmitting DL data to the target gNB-DU after receiving the DDDS. However, in an implementation that gNB-CU can start earlier.
7.	The source gNB-DU responds the gNB-CU with an UE Context Modification Response message.
8.	Random Access procedure is performed at the target gNB-DU. 
9.	The UE responds the target gNB-DU with an RRCConnectionReconfigurationComplete message.
10.	The target gNB-DU sends an Uplink RRC Transfer message to convey the received RRCConnectionReconfigurationComplete to the gNB-CU. Downlink packets are sent to the UE. Also, uplink packets are sent from the UE, which are forwarded to the gNB-CU through the target gNB-DU.
11.	The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
12.	The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
Editor’s note: Whether any security issue (e.g., ciphering key exchange) exists is FFS.

***************END OF MODIFIED SECTION***************

*************** START OF MODIFIED SECTION***********
[bookmark: _Toc491800287][bookmark: _Toc491800473][bookmark: _Toc491801303][bookmark: _Toc491852991]8.2.2	EN-DC Mobility
[bookmark: _Toc483507186][bookmark: _Toc491800288][bookmark: _Toc491800474][bookmark: _Toc491801304][bookmark: _Toc491852992]8.2.2.1	Inter-gNB-DU Mobility using MCG SRB
This procedure is used for the case the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU when only MCG SRB is available during EN-DC operation. Figure 8.2.2.1-1 shows the inter-gNB-DU mobility procedure using MCG SRB in EN-DC.


Figure 8.2.2.1-1: Inter-gNB-DU Mobility using MCG SRB in EN-DC
1.	The UE sends a Measurement Report message to the MeNB.
2.	The MeNB sends an SgNB Modification Request.
3.	The gNB-CU sends an UE Context Setup Request message to the target gNB-DU to create an UE context and setup one or more bearers.
4.	The target gNB-DU responds the gNB-CU with an UE Context Setup Response message. 
5.	The gNB-CU responds the MeNB with an SgNB Modification Request Acknowledge message.
6.	The gNB-CU sends a UE Context Modification Request message to the source gNB-DU indicating to stop the data transmission to the UE. The source gNB-DU also sends a Downlink Data Delivery Status frame to inform the gNB-CU about the unsuccessfully transmitted downlink data to the UE.
Editor’s note: Whether the indication to stop the data transmission should be included in UE Context Modification Request or a new F1AP message is FFS.
7.	The source gNB-DU responds the gNB-CU with an UE Context Modification Response message.
8.	The MeNB and the UE perform RRC Reconfiguration procedure.
9.	The MeNB sends an SgNB Reconfiguration Complete message to the gNB-CU. Downlink packets, which may include PDCP PDUs not successfully transmitted in the source gNB-DU, are sent from the gNB-CU to the target gNB-DU. 
10.	Random Access procedure is performed at the target gNB-DU. Downlink packets are sent to the UE. Also, uplink packets are sent from the UE, which are forwarded to the gNB-CU through the target gNB-DU.
11.	The gNB-CU sends an UE Context Release Command message to the source gNB-DU.
12.	The source gNB-DU releases the UE context and responds the gNB-CU with an UE Context Release Complete message.
Editor’s note: Whether any security issue (e.g., ciphering key exchange) exists is FFS.

***************END OF MODIFIED SECTION***************

End of Text Proposal for TS 38.401
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