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Introduction

In the latest RAN3 meeting, there is no conclusion on the problem of retransmission status report in DDDS  after the offline discussion.

CB: # 27_UP_Retransmission_status

-  clear problem statement

- consider 5 observations made during online disc

- consider currently proposed solutions

- keep “highest” and add clarification (à la SS 2nd change)?

- if no agreement, we keep status quo

(NEC)

Summary of offline disc R3-186123
The problem is described in R3-186123 as below, and the possible offline solution is also provided in R3-186123.

The DDDS from corresponding node that feedback the status of the retransmission NR PDCP PDUs may not be able to tell exactly what is intended, which lead to a different understanding in the PDCP hosting node. This reason of this may be due to the wording for the DDDS in the specification “highest retransmission NR PDCP PDU sequence number successfully delivered in sequence to the UE among those UE retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity”. For example the corresponding node receive DL USER DATAs that is flag by retransmission with PDCP PDU sequence number in the order of #103, #104, #95, #96, #97, if in DDDS indicate the Highest retransmitted NR PDCP Sequence Number as #104, it may mean #95, #96, #97 have or have not been retransmitted.

In this contribution, we give further discussion and provide our solution.

Discussion
Offline Solution 

The offline solution in [1] is the  “highest” that reported in DDDS is associated to NR-U SN and PDCP SN together.  The possible text can be as following:
------------------------------------------------------- quoted from [1] ----------------------------------------------------

“the retransmission NR PDCP PDU sequence number associated with the highest NR-U sequence number of the NR PDCP PDU successfully delivered to the UE in sequence of NR-U sequence number among those UE retransmission NR PDCP PDUs received from the node hosting the NR PDCP entity”
Note that in the current DDDS the PDCP PDU SN is still used for this solution.

---------------------------------------------------------------------------------------------------------------------------------

Take this solution into consideration, then we have two definition of “highest” in the TS38.425 , one “highest” for retransmission data which associated to highest in sequence delivered NR-U SN, one  “highest” for new transmission data of in sequence delivered PDCP SN. This makes the descriptions  of “highest” in the specification easy to be confused.

Observation 1:  Consideration on reporting PDCP SN associated with highest in sequence NR-U SN for retransmission data, there are two definition of “highest” in the specification, which makes the descriptions  of “highest” easy to be confused.

During the offline solution, the motivation to report the latest data (PDCP SN associated with highest in sequence delivered NR-U SN) is that, even if the PDCP PDUs are out of order, the NR-U PDUs are always transmitted with  in-order NR-U SN to DU, so the highest  in sequence delivered NR-U SN (or PDCP SN associated highest in sequence delivered NR-U SN) can be used to indicate the retransmission data status. We notice that there is a note for this solution, “Note in the current DDDS the PDCP PDU SN is still used for this solution”, But in fact, this way is actually using the NR-U SN for the status feedback. However, just reporting NR-U SN  is more direct and simple.

In the past RAN3 meeting a few years ago, we have already discussed whether to use X2-U SN or PDCP SN to indicate delivered packet status in the LTE DC, and some conclusion can be found in [2] as following:

--------------------------------------------------quoted from [2] --------------------------------------------------------------

Open issue #4: Whether indication of highest successfully delivered PDCP PDU sequence number is based on PDCP SN or X2-U SN

After the discussion, it was agreed to use PDCP SN as indication of successful delivery.

------------------------------------------------------------------------------------------------------------------------------------

Observation 2:   Reporting highest in sequence delivered  NR-U SN (or PDCP SN associated with highest in sequence delivered NR-U SN) does not meet the agreement we have achieved before, which is using PDCP SN as indication of successful delivery.

Furthermore, considering the DU can reorder the received data, after the reordering, when the DU sends the PDCP PDU data to the UE, the corresponding NR-U SN may be out of order. In this case, the DU try transmitting PDCP data with in-order PDCP SN, generally, the data sent first will be firstly ACKed on the air interface, so, the most efficient way is to report highest in sequence delivered PDCP SN. 

Otherwise, reporting PDCP SN associated with highest in sequence delivered  NR-U SN may introduce unnecessary feedback delay in the case of the next undelivered PDCP PDU following the highest in sequence delivered PDCP PDU is associated with lower NR-U SN. For example, PDCP PDU1 , PDU2,PDU3 (associated with NR-U SN #4, #3, #2 ) are in sequence transmitted and successfully delivered, and PDCP PDU4 which associated with NR-U SN #1 is not delivered, so DU can not report any packet transmission status, because NR-U#1 is not delivered. 

Observation 3:  Considering the DU can reorder the received data, reporting PDCP SN associated with highest in sequence delivered  NR-U SN may introduce unnecessary feedback delay in the case of the next undelivered PDCP PDU following the highest in sequence delivered PDCP PDU is associated with lower NR-U SN.

From the observation 1-3, we have following proposal:

Proposal 1: Considering the DU can reorder the received data, the most efficient way is, the DU should report highest in sequence delivered PDCP SN, no more  clarification for “highest” is needed in the current specification.
Alternative solution

The DDDS problem of retransmission can be described as: e.g. the retransmission PDCP PDU data may be sent to the DU in an out-of-order, after the DU feeds back a highest PDCP SN, if the subsequent arrived data at DU whose corresponding PDCP SN are smaller than the reported highest PDCP SN in the latest DDDS, the CU can not be aware of the transmission status of these data. 

In order to solve the problem, in addition to reporting the highest in sequence delivered PDCP SN, DU should also indicate which PDCP PDUs  needs to be included/or excluded among those data with PDCP SN smaller than the reported highest PDCP SN.

Proposal 2: To solve the retransmission problem, in addition to reporting highest in sequence delivered PDCP SN, DU should also indicate which PDCP PDUs  needs to be included/or excluded among those data with PDCP SN smaller than the reported highest PDCP SN.

The possible solution can be found in the below :
5.5.3.y
Highest reported NR-U Sequence Number 
Description: This parameter indicates the highest NR-U sequence number as assigned by the node hosting the NR PDCP entity associated with this DDDS report, the delivery status of those retransmission NR PDCP PDUs whose associated NR-U sequence number exceeding this highest reported NR-U Sequence Number is excluded from the feedback.
The new highest reported NR-U SN IE related  report range information can be introduced, e.g.  the data that has been successfully delivered indicated by the highest PDCP SN in DDDS except those data associated with NR-U SN exceeding the highest reported NR-U SN. 

For example, the CU sends PDCP PDUs whose corresponding PDCP SNs smaller than the reported highest PDCP  SN in the latest DDDS report, but the status of the new arrived PDCP PDU data could be excluded indicated by the DDDS  (The NR-U SN of the new arrived data exceeds the highest reported NR-U SN in the DDDS), so the CU can consider the DDDS feedback is not including the transmission status of these out-range data (even PDCP SN of these data below the latest reported highest PDCP SN). Until all these subsequent arrived data with lower PDCP SN are delivered successfully, the DU can update the highest reported NR-U SN in the new DDDS to indicate the delivery status of those data is included.

Below give examples , the example 1, example 2 , example 3 is same with the offline discussion (R3-186123), the example4 is an addition.
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Case 1: 
CU->DU :   Packet sending and arriving orders are #102(15), #104(16), #95(17), #96(18), #97(19) 
DU->UE :  Re-ordering , and #95(17), #96(18), #97(19),#102(15), #104(16) are successfully delivered to UE

CU->DU : DDDS report :   highest PDCP SN#104     highest reported NR-U SN#19

CU realizes:    #95(17), #96(18), #97(19),#102(15), #104(16) are delivered  (indicated by DDDS : PDCP SN<=104 &&  NR-U SN<=19)
Case 2: 
CU->DU :   Packet sending and arriving orders are #102(15), #104(16), #95(17), #96(18), #97(19)
DU->UE :  Re-ordering , #95(17), #96(18), #97(19),#102(15),  except  #104(16) are successfully delivered to UE

DDDS report :   highest PDCP SN#102     highest reported NR-U SN#19

CU realizes:   #95(17), #96(18), #97(19),#102(15)  are delivered  (indicated by DDDS: PDCP SN<=102 &&  NR-U SN<=19 ), and  status of  #104(16) is unknown ( because   #104(16) > highest PDCP SN#102)

Case 3: 

CU->DU :   Packet sending and arriving orders are #102(15), #104(16), #95(17), #96(18), #97(19) ,but  #97(19) not arriving at DU.

DU->UE :  Re-ordering, #95(17), #96(18),#102(15), #104(16)  are successfully delivered to UE.

DDDS report :   highest PDCP SN#104     highest reported NR-U SN#18

CU realizes:   #95(17), #96(18),#102(15), #104(16)   are delivered  ( indicated by DDDS:  PDCP SN<=104 &&   NR-U SN<=18 ), and  status of  #97(19) is unknown ( because   #97(19)  > highest reported NR-U SN#18)

DU->UE :   #97(19)  arrived at DU , and successfully delivered by DU,

DDDS report :   highest PDCP SN#104     highest reported NR-U SN#19

CU realizes:    #97(19)  are delivered. ( indicated by DDDS:  PDCP SN<=104 &&   NR-U SN<=19)
CASE 4: 

CU->DU :   Packet sending and arriving orders are #102(15), #104(16), #95(17), #96(18), #97(19) , but  #95(17), #96(18), #97(19) not arriving at DU.

DU->UE :  Re-ordering, and #102(15)  are successfully delivered to UE. 

DDDS report :   highest PDCP SN#102     highest reported NR-U SN#15

CU realizes:   #102(15)  is delivered  (in the range indicated by DDDS:  PDCP SN<=102 &&   NR-U SN<=15 ), and  status of  #104(16), #95(17), #96(18), #97(19)  is unknown ( because  #104(16)  > highest  PDCP SN#102, #95(17), #96(18), #97(19) > NR-U SN#15 )

DU->UE :   #95(17), #96(18), #97(19)  arrived at DU, after all these three packets successfully delivered by DU
DDDS report :   highest PDCP SN#102     highest reported NR-U SN#19

CU realizes:   #95(17), #96(18), #97(19),#102(15)  are delivered  (indicated by DDDS:  PDCP SN<=102 &&   NR-U SN<=19 ), and  status of   #104(16) is still unknown ( because    #104(16)  > highest PDCP  SN#102)

DU->UE : After DU successfully delivery #104(16)
DDDS report :   highest PDCP SN#104     highest reported NR-U SN#19

CU realizes:    all packets are delivered ( indicated by DDDS:  PDCP SN<=104 &&   NR-U SN<=19 )
Proposal 3:  Add Highest reported NR-U Sequence Number IE into DDDS to  indicate  the delivery status of the retransmission NR PDCP PDUs whose associated NR-U sequence number exceeding this highest reported NR-U Sequence Number is excluded  from the feedback.

Proposal4: RAN3 is kindly to ask to approve the corresponding CR provided in [3].

Conclusion
The following  proposals are provided:
Observation 1:  Consideration on reporting PDCP SN associated with highest  in sequence NR-U SN for retransmission data, there are  two  definition of “highest” in the specification, which makes the descriptions  of “highest” easy to be confused.

Observation 2:   Reporting highest in sequence delivered  NR-U SN (or PDCP SN associated with highest in sequence delivered NR-U SN) does not meet the agreement we have achieved before, which is using PDCP SN as indication of successful delivery.

Observation 3:  Considering the DU can reorder the received data, reporting PDCP SN associated with highest in sequence delivered  NR-U SN may introduce unnecessary feedback delay in the case of the next undelivered PDCP PDU following the highest in sequence delivered PDCP PDU is associated with lower NR-U SN.

Proposal 1: Considering the DU can reorder the received data, the most efficient way is, the DU should report highest in sequence delivered PDCP SN, no more  clarification for “highest” is needed in the current specification.
Proposal 2: To solve the retransmission problem, in addition to reporting highest in sequence delivered PDCP SN, DU should also indicate which PDCP PDUs  needs to be included/or excluded among those data with PDCP SN smaller than the reported highest PDCP SN.

Proposal 3:  Add Highest reported NR-U Sequence Number IE into DDDS to  indicate  the delivery status of the retransmission NR PDCP PDUs whose associated NR-U sequence number exceeding this highest reported NR-U Sequence Number is excluded  from the feedback.

Proposal4: RAN3 is kindly to ask to approve the corresponding CR provided in [3].
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