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1

Introduction
Inter-gNB HO involving gNB-CU-UP change is captured in TS 38.401 [1]. But due to the lack of user-plane signaling option to synchronize gNB-DU and gNB-CU-UP, the resulting procedure could be sub-optimal. In this contribution, we analyze the reasons and propose a mechanism to address the issue.
2

Discussion

2.1     Analysis of the inter-gNB handover procedure
Inter-gNB handover involving gNB-CU-UP change [1] is as shown in Fig. 1, with the following steps:
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Fig. 1: Inter-gNB handover involving gNB-CU-UP change (Figure 8.9.4-1 in TS 38.401 [1])

1.
The source gNB-CU-CP sends XN HANDOVER REQUEST message to the target gNB-CU-CP.

2-4.
Bearer context setup procedure is performed as described in Section 8.9.2. 

5.
The target gNB-CU-CP responds the source gNB-CU-CP with an XN HANDOVER REQUEST ACKNOWLEDGE message.

6.
The F1 UE Context Modification procedure is performed to stop UL data transmission at the gNB-DU and to send the handover command to the UE.
7-8.
Bearer context modification procedure (gNB-CU-CP initiated) is performed to enable the gNB-CU-CP to retrieve the PDCP UL/DL status and to exchange data forwarding information for the bearer.

9.
The source gNB-CU-CP sends an SN STATUS TRANSFER message to the target gNB-CU-CP.

10-11.
Bearer context modification procedure is performed as described in Section 8.9.2.

12.
Data Forwarding may be performed from the source gNB-CU-UP to the target gNB-CU-UP.

13-15.
Path Switch procedure is performed to update the DL TNL address information for the NG-U towards the core network. 

16.
The target gNB-CU-CP sends an UE CONTEXT RELEASE message to the source gNB-CU-CP.

17.
and 19. Bearer context release procedure is performed.

18.
F1 UE context release procedure is performed to release the UE context in the source gNB-DU.
The source gNB-CU-CP notifies the source gNB-DU to stop UL data transmission in Step 6, and after which the source gNB-CU-UP is notified of bearer context modification in Step 7. In general, it is up to implementation when to stop UL transmission at the gNB-DU and when to stop DL transmissions at the gNB-CU-UP. However, when the source gNB-DU decides to stop UL transmission, it may be no worth to continue the delivery of DL packets, because the UE may have already moved to the target.
Therefore, a suboptimal behavior could be observed, i.e., the source gNB-CU-UP may keep sending DL PDCP packets to the source gNB-DU after the gNB-DU has stopped transmission toward the UE. These packets would be simply dropped by the gNB-DU, wasting F1-U resource.
Observation 1: During inter-gNB HO, the source gNB-CU-UP may keep sending DL PDCP packets to the source gNB-DU even after the gNB-DU has stopped transmission toward the UE.

Observation 2: These packets would be simply dropped by the gNB-CU, wasting F1-U resources.

The reason leading to above issue is mainly due to up-to-implementation behaviors decided by different entities, which could be resolved if there is an user-plane signaling option for the gNB-DU to stop the gNB-CU-UP from transmitting downlink data.
Proposal 1: User-plane signalling is necessary to allow gNB-DU to indicate gNB-CU-UP to stop sending downlink PDCP packets in case of handover.

2.2     Solutions

 2.2.1

Stage 2 aspect
A natural way is to use Downlink Data Delivery Status (DDDS) to notify the gNB-CU-UP once the gNB-DU has stopped data transmission toward the UE. However, DDDS has to be enhanced to indicate that transmission needs to be halted because UE handover is performed.
 2.2.2

Stage 3 aspect
There can be two options to stop the gNB-CU-UP from sending downlink PDCP packets.

· Solution 1: intentionally set the field “desired buffer size for the data radio bearer” to 0

If the value of the field “desired buffer size for the data radio bearer” is 0, then the PDCP hosting node shall stop sending any DL data [3]. In normal implementation, the desired buffer size would be calculated based on remaining buffer size available in the gNB-DU. As a result, spec impact is necessary by clearly stating that its value can be ‘intentionally’ set to 0 due to UE handover.

· Solution 2: add a cause value for handover

Cause value is an explicit way of indication that makes the gNB-CU-UP be aware that the gNB-DU has stopped transmission to the UE due to HO and thus stop transmitting downlink data to the gNB-DU.
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Fig. 2: Inter-gNB handover with the proposed DDDS to notify the source gNB-CU-UP

So far, Cause values defined in [3] only cover radio link status, namely {0=UNKNOWN, 1=RADIO LINK OUTAGE, 2=RADIO LINK RESUME, 3=UL RADIO LINK OUTAGE, 4=DL RADIO LINK OUTAGE, 5=UL RADIO LINK RESUME, 6=DL RADIO LINK RESUME, 7-228=reserved for future value extensions, 229-255=reserved for test purposes}. Other case such as UE handover may need a dedicated cause value to notify the gNB-CU-UP to stop downlink PDCP packets. As an explicit approach without any risk to mislead the gNB-CU-UP, the Solution 2 is preferred.

Proposal 2: Add a cause value in DDDS that can indicate gNB-CU-UP to stop sending downlink PDCP packets.

3

Conclusions and proposals

In the present contribution we make the following observations:

Observation 1: During inter-gNB HO, the source gNB-CU-UP may keep sending DL PDCP packets to the source gNB-DU even after the gNB-DU has stopped transmission toward the UE.

Observation 2: These packets would be simply dropped by the gNB-CU, wasting F1-U resources.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: User-plane signalling is necessary to allow gNB-DU to indicate gNB-CU-UP to stop sending downlink PDCP packets in case of handover.

Proposal 2: Add a cause value in DDDS that can indicate gNB-CU-UP to stop sending downlink PDCP packets.
The corresponding TP to BL CR for TS 38.425 [4] is provided in Section 5.
4
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TP to BL CR for TS 38.425
----------------------------- First Change ----------------------------------------
5.4.2
Downlink Data Delivery Status

5.4.2.1
Successful operation

The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data radio bearer. The corresponding node may also transfer uplink user data for the concerned data radio bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.

The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.

When the corresponding node decides to trigger the feedback for Downlink Data Delivery procedure it shall report as specified in section 5.2:

a)
in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;

b)
the desired buffer size in bytes for the concerned data radio bearer;

c)
optionally, the desired data rate in bytes associated with a specific data radio bearer configured for the UE;

d)
the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;

e)
if retransmission NR PDCP PDUs have been delivered, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity;

f)
if retransmission NR PDCP PDUs have been transmitted, the highest NR PDCP PDU sequence number transmitted to the lower layers among those retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity;

g)
the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.
NOTE:
If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.
As soon as the corresponding node detects the successful RACH access by the UE for the corresponding data radio bearer(s), the corresponding node shall send initial DL DATA DELIVERY STATUS frame to the node(s) hosting the NR PDCP entity(ies). The node hosting NR PDCP entity may start sending DL data before receiving the initial DL DATA DELIVERY STATUS frame. In case the DL DATA DELIVERY STATUS frame is sent before any NR PDCP PDU is transferred to lower layers, the information on the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE and the highest NR PDCP PDU sequence number transmitted to the lower layers may not be provided.

The DL DATA DELIVERY STATUS frame shall also include a final frame indication signalling whether the frame is the last DL status report received in the course of releasing a bearer from the corresponding node. Namely, the final frame indication is signalled in cases where the corresponding node knows that the bearer will be released before the DL status report is signalled. When receiving such indication, if applicable, the node hosting the NR PDCP entity considers that no more UL or DL data is expected to be transmitted between the corresponding node and the UE.

The DL DATA DELIVERY STATUS frame may also include an indication of detected radio link outage or radio link resume for the concerned data radio bearer. When receiving an indication of radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node both in UL and DL. When receiving an indication of radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node both in UL and in DL. When receiving an indication of UL or DL radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node for UL or DL, depending on the indicated outage. When receiving an indication of UL or DL radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node in UL or in DL, depending on the indicated resume.
The DL DATA DELIVERY STATUS frame may also include an indication to stop sending DL packets in case of UE handover. When receiving this indication, the node hosting the NR PDCP entity considers that the corresponding node has stopped traffic delivery for the UE in DL due to handover.
The node hosting the NR PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and the data rate under c) above as the amount of data to be sent from the hosting node:
-
If the value of the desired buffer size is 0, the hosting node shall stop sending any data per bearer.

-
If the value of the desired buffer size in b) above is greater than 0, the hosting node may send up to this amount of data per bearer beyond the "Highest Delivered NR PDCP SN" for RLC AM, or the hosting node may send up to this amount of data per bearer beyond the "Highest Transmitted NR PDCP SN" for RLC UM.

-
The value of the desired data rate in c) above is the amount of data desired to be received in a specific amount of time. The amount of time is 1 sec.
-
The information of the buffer size in b) above and of the data rate in c) above is valid until the next DL DATA DELIVERY STATUS frame is transferred.
-
is allowed to remove the buffered NR PDCP PDUs according to the feedback of transmitted and/or successfully delivered NR PDCP PDUs;

-
decides upon the actions necessary to take for NR PDCP PDUs reported other than transmitted and/or successfully delivered.

In case of RLC AM, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node removes the respective NR PDCP PDUs. For RLC UM, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.
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Figure 5.4.2.1-1: Successful Downlink Data Delivery Status

5.4.2.2
Unsuccessful operation

Void.

-----------------------------  Next Change ----------------------------------------
5.5.3.23
Cause Value

Description: This parameter indicates specific events reported by the corresponding node.

Value range: {0=UNKNOWN, 1=RADIO LINK OUTAGE, 2=RADIO LINK RESUME, 3=UL RADIO LINK OUTAGE, 4=DL RADIO LINK OUTAGE, 5=UL RADIO LINK RESUME, 6=DL RADIO LINK RESUME, 7=DL STOP, 8-228=reserved for future value extensions, 229-255=reserved for test purposes}

Field length: 1 octet.
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