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1
Introduction
In RAN3 #97bis meeting, the flow control support for the bearers configured with RLC UM was discussed and the agreement were reached that the highest PDCP PDU sequence number transmitted to the lower layers among those PDCP PDUs received from the gNB hosting the PDCP entity should be reported by the corresponding gNB. This IE will be reported for both RLC AM and RLC UM.
In this contribution, we will give further analysis on this IE from the perspective RLC UM and provide some proposal.
2
Discussion

According to the last meeting discussion, for RLC UM, during the Feedback for Downlink Data Delivery procedure the corresponding gNB will report:
a)
the highest PDCP PDU sequence number successfully delivered in sequence to the UE among those PDCP PDUs received from the gNB hosting the PDCP entity;

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

c)
the minimum desired buffer size in bytes for the UE;

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

e)
the highest PDCP PDU sequence number transmitted to the lower layers among those PDCP PDUs received from the gNB hosting the PDCP entity;

Upon reception of the DL DATA DELIVERY STATUS frame, the gNB hosting the PDCP entity:
-
regards the desired buffer size under b) and c) above as the amount of data desired from the corresponding gNB being declared

-
from the PDCP sequence number reported under a) above within the same frame, as well as from the most recently reported PDCP sequence number(s) of all other data bearers established for the UE;

-
as the momentary desired buffer sizes, independent of buffer sizes indicated in the past.
-
is allowed to remove the buffered PDCP PDUs according to the feedback of successfully delivered PDCP PDUs;

-
decides upon the actions necessary to take for PDCP PDUs reported other than successfully delivered.

For RLC AM, all the PDCP PDUs, whose SN is smaller than the reported highest PDCP PDU SN successfully delivered to UE, have been successfully delivered to UE. And then the corresponding gNB is assumed to discard these successfully delivered PDCP PDUs. Therefore, the gNB hosting the PDCP entity is able to consider the desired buffer size under b) and c) as the amount of data desired from the PDCP SN reported under a).
Observation 1: For RLC AM, the gNB hosting the PDCP entity is able to consider the desired buffer size under b) and c) as the amount of data desired from the PDCP SN reported under a) because that in the corresponding gNB side, the PDCP PDUs whose SN is smaller than a) have been discarded.

For RLC UM, a) will not be reported because the corresponding gNB is not able to know whether the dedicated PDCP PDU is successfully delivered to the UE. Instead, the corresponding gNB will report e) associated with b), c) and d). However, no gNB hosting the PDCP entity behaviour is specified upon reception of e).

It is assumed that e) is proposed for RLC UM mainly for the purpose to replace the role of a), however the fact is that if e) is specified as the highest PDCP PDU SN transmitted to the lower layer, it may cause difficulty to specify the gNB hosting the PDCP entity behaviour upon reception of e). In the corresponding gNB side, the PDCP PDUs, whose SNs are smaller than the reported SN in e) have not been discarded, they still occupy the buffer size.
Observation 2: For RLC AM bearers and RLC UM bearers, the gNB hosting PDCP entity has to have different understanding on the desired buffer sizes.
To unify the behaviour of the gNB hosting the PDCP entity, it could be beneficial to unify the corresponding gNB reporting as the way the LWA works.
As captured in [2], for LWA and LWIP, when the WT decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

a)
the highest Xw-U sequence number successfully transferred towards or delivered to the UE among those PDUs received from the eNB;

b)
the desired buffer size in bytes for: 

-
for LWA option: the concerned E-RAB; 

-
for LWIP option: the concerned UE;

c)
the minimum desired buffer size in bytes for the UE;

d)
the Xw-U packets that were declared as being “lost” by the WT and have not yet been reported to the eNB within the DL DATA DELIVERY STATUS frame.

The highlighted wording covers two cases:

Case a: the WT is able to know the dedicated PDUs that have been successfully delivered to the UE.

Case b: the WT is able to know whether the dedicated PDU is successfully transferred towards the UE, but it cannot know whether it is successfully delivered to the UE.

The two cases are totally same as the RLC AM and RLC UM cases. 
Observation 3: The mechanism agreed for LWA and LWIP can cover both RLC AM and RLC UM cases.

From the perspective of the corresponding gNB perspective, it is feasible to get the highest PDCP PDU sequence number successfully transferred towards the UE among those PDUs in sequence to the UE among those PDCP PDUs received from the gNB hosting the PDCP entity. Therefore, it can be proposed to support flow control for RLC UM similarly as existing spec.
Proposal 1: In case of RLC UM, the highest PDCP PDU sequence number transmitted towards the UE among those PDUs in sequence among those PDCP PDUs received from the gNB hosting the PDCP entity should be reported.
Proposal 2: It is proposed RAN3 to agree the text proposal in the Annex.
3
Conclusion

In this contribution, we discussed the flow control for RLC UM and the following observations and proposal were provided:
Observation 1: For RLC AM, the gNB hosting the PDCP entity is able to consider the desired buffer size under b) and c) as the amount of data desired from the PDCP SN reported under a) because that in the corresponding gNB side, the PDCP PDUs whose SN is smaller than a) have been discarded.

Observation 2: For RLC AM bearers and RLC UM bearers, the gNB hosting PDCP entity has to have different understanding on the desired buffer sizes.
Observation 3: The mechanism agreed for LWA and LWIP can cover both RLC AM and RLC UM cases.

Proposal 1: In case of RLC UM, the highest PDCP PDU sequence number transferred towards the UE among those PDUs in sequence among those PDCP PDUs received from the gNB hosting the PDCP entity should be reported.
Proposal 2: It is proposed RAN3 to agree the text proposal in the Annex.
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Annex: Text Proposal on 38.425

5.4.2.1
Successful operation

Editor’s Note: All the text below is FFS.
The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding gNB to the gNB hosting the PDCP entity to allow the gNB hosting the PDCP entity to control the downlink user data flow via the corresponding gNB for the respective data bearer. The corresponding gNB may also transfer uplink user data for the concerned data bearer to the gNB hosting the 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 gNB to the gNB hosting the PDCP entity to allow the gNB hosting the PDCP entity to control the successful delivery of DL control data to the corresponding gNB. In this case the corresponding gNB is always the SgNB and the gNB hosting the PDCP entity is always the MgNB [FFS whether this sentence needs rewording].
When the corresponding gNB decides to trigger the Feedback for Downlink Data Delivery procedure it shall report:

a)
the highest PDCP PDU sequence number successfully transferred towards or delivered in sequence to the UE among those PDCP PDUs received from the gNB hosting the PDCP entity;

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

c)
the minimum desired buffer size in bytes for the UE;

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

e)
the highest PDCP PDU sequence number transmitted to the lower layers among those PDCP PDUs received from the gNB hosting the PDCP entity;
NOTE:
If an E-UTRAN deployment has decided not to use the Transfer of Downlink User Data procedure, d) above is not applicable.
The DL DATA DELIVERY STATUS frame shall also include an indication whether the frame is the last DL status report received in the course of releasing a bearer from the corresponding gNB. When receiving such indication, if applicable, the gNB hosting the PDCP entity considers that no more UL data is to be expected from the corresponding gNB.

The gNB hosting the PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:

-
regards the desired buffer size under b) and c) above as the amount of data desired from the corresponding gNB being declared

-
from the PDCP sequence number reported under a) above within the same frame, as well as from the most recently reported PDCP sequence number(s) of all other data bearers established for the UE;
-
as the momentary desired buffer sizes, independent of buffer sizes indicated in the past.
-
is allowed to remove the buffered PDCP PDUs according to the feedback of successfully delivered PDCP PDUs;

-
decides upon the actions necessary to take for PDCP PDUs reported other than successfully delivered.

After being reported to the gNB hosting the PDCP entity, the corresponding gNB removes the respective PDCP sequence numbers.
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Figure z.4.2.1-1: Successful Downlink Data Delivery Status
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