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1 Introduction
In last RAN2 Ad Hoc meeting, an issue was raised in [1] and discussed during the meeting. However no conclusion has been made. As far as we can see, this indeed is a leftover issue that requires to be resolved in RLC specs. In this contribution, we will further analyse this issue and try to give a solution with minimum impact to the specs.
2 Discussion
2.1 Procedure in TS 38.322

In the latest version of TS 38.322, the AM receive operations are specified as below: 

	5.2.3.2
Receive operations
5.2.3.2.3
Actions when an AMD PDU is placed in the reception buffer
When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

-
if x >= RX_Next_Highest
-
update RX_Next_Highest to x+ 1.
-
if all bytes of the RLC SDU with SN = x are received:

-
reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer;

-
if x = RX_Highest_Status,

-
update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received.
-
if x = RX_Next:

-
update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received.
-
if t-Reassembly is running:
-
if RX_Next_Status_Trigger = RX_Next; or

-
if RX_Next_Status_Trigger = RX_Next + 1 and there is no missing byte segment of the SDU associated with SN = RX_Next before the last byte of all received segments of this SDU; or

-
if RX_Next_Status_Trigger falls outside of the receiving window and RX_Next_Status_Trigger is not equal to RX_Next + AM_Window_Size:

-
stop and reset t-Reassembly.
-
if t-Reassembly is not running (includes the case t-Reassembly is stopped due to actions above):

-
if RX_Next_Highest> RX_Next +1; or

-
if RX_Next_Highest = RX_Next + 1 and there is at least one missing byte segment of the SDU associated with SN = x before the last byte of all received segments of this SDU:

-
start t-Reassembly;

-
set RX_Next_Status_Trigger to RX_Next_Highest.
5.2.3.2.4
Actions when t-Reassembly expires

When t-Reassembly expires, the receiving side of an AM RLC entity shall:

-
update RX_Highest_Status to the SN of the first RLC SDU with SN >= RX_Next_Status_Trigger for which not all bytes have been received;

-
if RX_Next_Highest> RX_Highest_Status +1: or

-
if RX_Next_Highest = RX_Highest_Status + 1 and there is at least one missing byte segment of the SDU associated with SN = RX_Highest_Status before the last byte of all received segments of this SDU:

-
start t-Reassembly;

-
set RX_Next_Status_Trigger to RX_Next_Highest.
5.3.4
Status reporting

[Text omitted here]
When constructing a STATUS PDU, the AM RLC entity shall:

-
for the RLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of RLC SDUs and increasing byte segment order within RLC SDUs, starting with SN = RX_Next up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an RLC SDU for which no byte segments have been received yet:

-
include in the STATUS PDU a NACK_SN which is set to the SN of the RLC SDU.
-
for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend.
-
for a continuous sequence of RLC SDUs that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN and NACK range;

-
include in the STATUS PDU, if required, a pair of SOstart and SOend.
-
set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.


Although the procedure above works for most cases, there is at least one case where the procedure may have problems. The one case will be elaborated in the next section with an example.
2.2 Illustration of the issue

As Figure 1 shows, according to the current procedure:
1) At T1 moment, when SN=3 is received while SN=2 is not, RX_Next_Highest=4 and RX_Next=2. As RX_Next_Highest> RX_Next +1, start t-Reassembly will be started and RX_Next_Status_Trigger will be set to RX_Next_Highest, i.e. equals to 4.   
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Figure1: T1: SN=2 is missing, 

t-Reassembly is started.


2) At T2 moment, assume the receiving status is as Figure 2 shows, i.e. SN=5 is missing and only the first segment of SN=7 is received. RX_Next_Highest is now updated to 8. When t-Reassembly of step 1) expires, RX_Highest_Status will be updated to 5. As RX_Next_Highest > RX_Highest_Status + 1, t-Reassembly will be started and the RX_Next_Status_Trigger is set to RX_Next_Highest=8.
In this case, t-Reassembly of step 2) expires, RX_Highest_Status will be set to RX_Next_Status_Trigger, i.e. equals to 8. And when constructing a STATUS PDU, the RLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received will be included in the status report. Thus RLC PDU with SN=7 will be set to NACK in the status report and may cause unnecessary retransmission for SDU with SN=7 as the other segments may have not been sent or may have been sent already but not received yet. 
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Figure2: T2: For SN=7, only 

the first segment has been 

received.
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Observation: Following the current AM operation may cause unnecessary retransmission as the status report may contain NACK_SN which is being transmitted.
2.3 Potential solution
In [1], one solution is provided that when the t-Reassembly is started, the RX_Next_Status_Trigger shall be set to RX_Next_Highest -1 in the case described above. However, this may cause multiple changes to TS38.322 which we think is rather stable up to now. Thus we propose to just add a note in the status reporting section to give a guideline about UE behaviour when constructing a status PDU as below: 
Proposal: Add a note in the status reporting section as following:
NOTE: The UE does not include the SN=RX_Highest_Status-1 when constructing the status report if there is no missing byte segment of the SDU associated with SN = RX_Highest_Status -1 before the last byte of all received segments of this SDU for which not all bytes have been received.
In this way, unnecessary retransmission is avoided as the status report will not contain unnecessary information.
3 Proposals
Based on the discussion in this paper, we have the following observation and proposal:
Observation: Following the current AM operation may cause unnecessary retransmission as the status report may contain NACK_SN which is being transmitted.
Proposal: Add a note in the status reporting section as following:
NOTE: The UE does not include the SN=RX_Highest_Status-1 when constructing the status report if there is no missing byte segment of the SDU associated with SN = RX_Highest_Status -1 before the last byte of all received segments of this SDU for which not all bytes have been received.
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5 Text Proposal
*******[Start of change]********
5.3.4
Status reporting

An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs (or portions of them).

Triggers to initiate STATUS reporting include:

-
Polling from its peer AM RLC entity:

-
When an AMD PDU with SN = x and the P field set to “1” is received from lower layer, the receiving side of an AM RLC entity shall:

-
if the AMD PDU is to be discarded as specified in subclause 5.2.3.2.2; or

-
if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:

-
trigger a STATUS report.
-
else:

-
delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.

NOTE 1:
This ensures that the RLC Status report is transmitted after HARQ reordering.

-
Detection of reception failure of an AMD PDU

-
The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reassembly expires.

NOTE 2:
The expiry of t-Reassembly triggers both RX_Highest_Status to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after RX_Highest_Status is updated.

When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:

-
if t-StatusProhibit is not running:

-
at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and submit it to lower layer.
-
else:

-
at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and submit it to lower layer.
When a STATUS PDU has been submitted to lower layer, the receiving side of an AM RLC entity shall:

-
start t-StatusProhibit.

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the RLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of RLC SDUs and increasing byte segment order within RLC SDUs, starting with SN = RX_Next up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an RLC SDU for which no byte segments have been received yet:

-
include in the STATUS PDU a NACK_SN which is set to the SN of the RLC SDU.
-
for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend.
-
for a continuous sequence of RLC SDUs that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN and NACK range;

-
include in the STATUS PDU, if required, a pair of SOstart and SOend.
-
set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.
NOTE: The UE does not include the SN=RX_Highest_Status-1 when constructing the status report if there is no missing byte segment of the SDU associated with SN = RX_Highest_Status -1 before the last byte of all received segments of this SDU for which not all bytes have been received.
*******[End of change]********
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Figure1: T1: SN=2 is missing, t-Reassembly is started.
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Figure2: T2: For SN=7, only the first segment has been received.
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