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1   Introduction
In RAN2#98 meeting, an issue about too early RLC status report was raised in [1] and discussed, but no conclusion has been made yet. In this contribution, we will further analyze this issue and provide some simple solutions.
2   Discussion
In LTE, each RLC PDU has a unique SN. An RLC SDU could be segmented to several RLC PDUs, and each of them has different SNs. The difference in NR is that each RLC SDU in NR has a unique SN and the segments of a RLC SDU share a common RLC SN and FI and SO fields are used for assembly of the RLC SDU in the receiver side.
The above difference makes some further impacts if the RLC AM procedure in LTE is reused in NR. In LTE, for RLC AM, a common case is that the receiver should receive a RLC PDU with a SN but does not contains RLC  PDU segments (note that it may contain RLC SDUs segments but those RLC SDU segments included in a RLC PDU share a common SN). 
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Fig.1 An example of the normal case for status reporting

Therefore, in LTE, a normal case for the receiver’s RLC entity to trigger a status report in RLC AM is as follows. When the receiver receives a RLC PDU with SN=X, if it has not received RLC PDU with SN=X-1, the receiver should start T-reordering. When the T-reordering expires, the receiver should know that the RLC PDU with SN X-1 should not be able to be received by lower layer retransmissions and requires a RLC retransmission. Therefore, a status report would be triggered, and in the status report SN X-1 is set to NACK while SN x is set to ACK.
The above case for RLC status reporting is also a common case in NR.
Furthermore, in NR, there is another case for status reporting which is somehow new compared to LTE. When the receiver receives a RLC PDU with SN=X and SO=a (i.e. it is a RLC SDU segment), the RX_Next_Highest_Rcvd should move to X+1. In this case, the receiver will consider this is a hole in X and start T-reordering even if the segment of SO=a is the first segment of SN=X. The consequence is that, when T-reordering timer expires and not all segments of SN=X have been received, the receiver should trigger the transmission of status report to request retransmission of some segments of the RLC PDU with SN=X. However, those segments of this RLC PDU which are not received yet could have already been transmitted by the transmitter but are being (re)transmitted in lower layers. In this case, the status reporting will cause the transmitter to unnecessary trigger the retransmission of those segmemts. This is the issue called “too early status reporting”.
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Fig.2 RLC status reporting issue
Observation 1: Too early status reporting is triggered if the RLC entity receives a segment for RLC SN=X and starts T-reordering timer when RX_Next_Highest_Rcvd=X+1, and not all segments have been received upon expiry of the T-reordering timer. 
Too early status reporting issue is not really a new issue in NR. It was also possible in LTE. For example, assuming that all the RLC PDUs before RLC SN=X have been correctly received. If the transmission of RLC PDU of SN=X fails, and the retransmission of SN=X needs segmentation upon expiry of the T-Poll-retransmission timer, then the transmitting RLC entity may transmit a RLC PDU segment with SN=X and SO=a. When the receiver receives this RLC PDU segment, the VR(X) should move to X+1 and the receiver will start T-reordering timer even if this segment could be the first segment of this RLC PDU of SN=X. The same consequence will happen as described above for NR. When T-reordering timer expires and not all segments of SN=X have been received, the receiver should trigger the transmission of status report to request retransmission of some segments of the RLC PDU with SN=X. Obviously, this status reporting could be too early and unnecessary.
However, too early status reporting issue only happens in LTE for the case that the first transmission of a RLC PDU of SN=X fails and the retransmission of the RLC PDU needs segmentation. The issue would not happen if the receiver receives a subsequent RLC PDU with SN larger than X and detect the loss of RLC PDU of SN=X before receiving a segment of SN=X. Therefore, this issue happens in LTE only for the case of retransmission of last RLC PDU, and can therefore be considered as corner case. 
However, in NR, this case becomes more common, because a unique SN is assigned to RLC SDU and the first transmission of a RLC SDU may need segmentation. Whenever a segment is received, the receiver may start a T-reordering timer and the too early status reporting issue may happen consequently.
Observation 2: Too early status reporting issue is a rare case in LTE, but may be common in NR, given that a unique SN is assigned to RLC SDU and the first transmission of a RLC SDU may need segmentation.
Too early status reporting issue is caused by the status report which negatively acknowledges a RLC SN for RLC segments. There are several simply ways to address this issue including: 
Option 1: The triggered status report does not include RLC SN (RX_Next_Highest_Rcvd – 1), if T-reordering timer expires but (RX_Next_Highest_Rcvd – 1) is an SN for a segmented RLC SDU and not all bits for this SDU have been received.
Option 2: Set the T-reordering timer to a larger value which take this segment issue into consideration.

Option 3: Set two timers (one timer is larger considering the segment issue and one is smaller consider only HARQ RTT), if the SN(RX_Next_Highest_Rcvd – 1) is a segmented SDU, use the timer with larder value.
Option 1 triggers the status report which will acknowledge or negatively acknowledge the SNs before RX_Next_Highest_Rcvd. However in this case, the hole in RX_Next_Highest_Rcvd may not be detected and reported in time. When the RLC SDU with SN larger than RX_Next_Highest_Rcvd is received by the receiving RLC entity, a T-reordering timer is started and only when it expired can the hole be reported. Option 2 may have the drawback that even for other cases, the timer value is larger due to potential segment issues which causes status report delay. Option 3 can solve the disadvantage of option 2, and can solve the segment issue. 
According to the analysis above, option 3 is slightly preferred.

Proposal 1: Set two timers (one timer is longer considering the segment issue and one is shorter consider only HARQ RTT), if the SN (RX_Next_Highest_Rcvd – 1) is a segmented SDU, start the timer with larger value; otherwise start the timer with smaller value.
3   Conclusion
Observation 1: Too early status reporting is triggered if the RLC entity receives a segment for RLC SN=X and starts T-reordering timer when RX_Next_Highest_Rcvd=X+1, and not all segments have been received upon expiry of the T-reordering timer. 

Observation 2: Too early status reporting issue is a rare case in LTE, but may be common in NR, given that a unique SN is assigned to RLC SDU and the first transmission of a RLC SDU may need segmentation.
Proposal 1: Set two timers (one timer is longer considering the segment issue and one is shorter consider only HARQ RTT), if the SN(RX_Next_Highest_Rcvd – 1) is a segmented SDU, start the timer with larger value; otherwise start the timer with smaller value.
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