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1.
Introduction
The upper layer indicates to a PDCP entity that it sends a PDCP SeqNum PDU following a RLC reset. This is because the RLC discards RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC entity upon reception of a RESET/RESET ACK PDU [1]. How to process RLC SDUs that were not transmitted before the reset is not specified in [1]. Improper processing for RLC SDUs that were not transmitted before the reset causes some possible problems. In this document, we demonstrate these problems and provide methods to solve them.

2. Discussion

Consider a radio bearer configured to support lossless SRNS Relocation. The PDCP entity submits PDCP Data PDUs with Sequence Number (SN) = 100, 101, 102, and 103 to the RLC. When conditions for RLC reset is fulfilled, the RLC reset procedure is triggered. At this time, PDCP Data PDU with SN = 100 and 101 has been transmitted by the transmitting side of AM RLC entity but not acknowledged positively. According to [1], the RLC receiver discards all RLC SDUs that were transmitted before the reset in the transmitting side of the AM RLC entity. Therefore, PDCP Data PDU with SN = 100 and 101 are discarded in the RLC buffer. Upper layer indicates to a PDCP entity that it should synchronize the PDCP SN following the RLC reset. Therefore the PDCP entity triggers the PDCP SN synchronization procedure by submitting one PDCP SeqNum PDU to lower layer. Because the smallest SN is 100, the PDCP entity submits a PDCP SeqNum PDU with SN = 100 containing the same data as PDCP Data PDU with SN = 100. PDCP Data PDUs with SN = 101, 102, and 103 are also submitted to the RLC again.
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Assume the header compression is applied and the data part in PDCP Data PDUs with SN = 100, 101, 102, and 103 are compressed TCP packets. The header compression context of the decompressor is updated if the compressed data in the PDCP Data PDU is a compressed TCP packet and is decompressed successfully.

PDCP Data PDUs with SN = 100 and 101 are discarded after the RLC reset. Because PDCP Data PDUs with SN =100 and 101 have been transmitted, the receiving side of the peer RLC entity may receive them correctly or may not. If PDCP Data PDUs with SN =100 and 101 are not received correctly and PDCP Data PDUs with SN = 102 and 103 that were not transmitted are not discarded, PDCP Data PDUs with SN = 102 and 103 are transmitted first after the RLC reset. PDCP Data PDUs with SN = 102 and 103 are transmitted twice after the RLC reset. Duplicated transmission wastes radio resources.

Because PDCP Data PDUs with SN =100 and 101 are lost, the header compression context in the decompressor in the PDCP receiver is not updated. The decompressor may compute the TCP checksum to determine if its context is not updated properly. If the checksum fails, the error is assumed to be caused by a lost segment that did not update the context properly. Therefore if no mechanisms are applied, compressed TCP packets in PDCP Data PDUs with SN = 102 and 103 are not decompressed successfully. The decompressor may send a context state packet to request the context. “Twice” algorithm can be used to repair the header compression context of the decompressor. The delta of the current segment is then added to the context again on the assumption that the lost segment contained the same delta as the current. By decompressing and computing the TCP checksum again, the decompressor checks if the repair succeeded or if the delta should be applied once more.

Because only two compressed TCP packets are lost, “twice” algorithm should be able to decompress compressed TCP packets in PDCP Data PDUs with SN = 102 and 103 successfully. Therefore, the header compression context of the decompressor is updated properly. The header compression context is updated according to fields in compressed TCP packets in PDCP Data PDUs with SN = 102 and 103. Because the difference between changed fields in the current packet and the previous packet are positive, compressed TCP packets in PDCP SeqNum PDU with SN = 100 and in PDCP Data PDU with SN = 101 are not decompressed successfully and are lost forever. PDCP Data PDUs with SN = 102 and 103 transmitted at the second time are also not decompressed successfully. Moreover, the PDCP receiver sends context state packets to request the header compressor context of the PDCP sender due to the unsuccessful decompression. The compressor sends a “full header” packet to the decompressor. Transmission of “context state” packets and “full header” packet wastes radio resources.

3.
Solution

Possible solutions are provided as follows:

(1) Upon reception of RLC RESET or RESET ACK PDU, the RLC receiver discards all RLC SDUs that were transmitted and were not transmitted before the reset in the transmitting side of the AM RLC entity. This solution is similar to RLC re-establishment.
(2) The first compressed packet type following a RLC reset is a full header or compressed TCP nodelta for a compressed TCP packet stream.
(3) Before receiving a PDCP SeqNum PDU, a received PDCP Data PDU containing compressed TCP packet is discarded following a RLC reset. If a received PDCP Data PDU contains another packet except a compressed TCP packet, this received PDCP Data PDU may or may not be discarded.
4.
Conclusion

The attached CR is based on solution 1 because of simplicity.
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11.4
RLC reset procedure

11.4.1
General

The RLC reset procedure is used to reset two RLC peer entities, which are operating in acknowledged mode. Figure 11.4 below illustrates the elementary procedure for an RLC reset. During the reset procedure the hyper frame numbers (HFN) in UTRAN and UE are synchronised. Two HFNs used for ciphering needs to be synchronised, DL HFN in downlink and UL HFN in uplink. In the reset procedure, the highest UL HFN and DL HFN used by the RLC entity in the transmitting sides, i.e. the HFNs associated with AMD PDUs of "Sequence Number"=VT(S)-1 if at least one AMD PDU had been transmitted or of "Sequence Number"=0 if no AMD PDU had been transmitted, are exchanged between UE and UTRAN.

The RESET PDUs and the RESET ACK PDUs have higher priority than AMD PDUs.
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Figure 11.4: RLC reset procedure

11.4.2
Initiation

The Sender shall:

-
if one of the following triggers is detected:

1)
"No_Discard after MaxDAT number of retransmissions" is configured and VT(DAT) equals the value MaxDAT (see subclause 9.7.3.4);

2)
VT(MRW) equals the value MaxMRW;

3)
A STATUS PDU including "erroneous Sequence Number" is received (see clause 10);

-
stop transmitting any AMD PDU or STATUS PDU;

-
submit a RESET PDU to the lower layer;

-
start the timer Timer_RST and increase VT(RST) with 1.

NOTE:
If the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the RLC entity may delay the RLC reset procedure until the end of the next TTI.

When a reset procedure has been initiated it can only be ended upon reception of a RESET ACK PDU with the same RSN value as in the corresponding RESET PDU, or upon request of re-establishment or release from upper layer, a reset procedure is not interrupted by the reception of a RESET PDU from the peer entity.

11.4.2.1
RESET PDU contents to set

The Sender shall:

-
set the HFNI field to the currently highest used HFN (DL HFN when the RESET PDU is sent by UTRAN or UL HFN when the RESET PDU is sent by the UE);

-
set the RSN field to the sequence number of the RESET PDU. The sequence number of the first RESET PDU after the AM entity is established or re-established shall be "0". This sequence number is incremented every time a new RESET PDU is transmitted, but not when a RESET PDU is retransmitted.

11.4.3
Reception of the RESET PDU by the Receiver

Upon reception of a RESET PDU the Receiver shall:

-
if the RSN value in the RESET PDU is the same as the RSN value in the last received RESET PDU:

-
either only submit a RESET ACK PDU to the lower layer with the contents set exactly as in the last transmitted RESET ACK PDU (i.e., in this case the RLC entity is not reset); or

-
perform the actions specified below as if the RSN value was different from the RSN value in the last received RESET PDU.

-
otherwise, if the RESET PDU is the first RESET PDU received since the entity was (re-)established or the RSN value is different from the RSN value in the last received RESET PDU:

-
submit a RESET ACK PDU to the lower layer with the content set as specified in subclause 11.4.3.1;

-
reset the state variables described in subclause 9.4 except VT(RST) to their initial values;

-
stop all the timers described in subclause 9.5 except Timer_RST;

-
reset configurable parameters to their configured values;
-
discard all RLC PDUs in the receiving side of the AM RLC entity;

-
discard all RLC SDUs in the transmitting side of the AM RLC entity;
-
set the HFN (DL HFN when the RESET PDU is received in UE or UL HFN when the RESET PDU is received in UTRAN) equal to the HFNI field in the received RESET PDU;

-
increase with one the UL HFN and DL HFN, and the updated HFN values shall be used for the first transmitted and received AMD PDUs after the reset procedure.
NOTE:
If the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the RLC entity may delay the RLC SDUs discard in the transmitting side of the AM RLC entity until the end of the next TTI.

11.4.3.1
RESET ACK PDU contents to set

The Receiver shall:

-
set the hyper frame number indicator field (HFNI) to the currently highest used HFN (DL HFN when the RESET ACK PDU is sent by UTRAN or UL HFN when the RESET ACK PDU is sent by the UE);

-
set the RSN field to the same value as in the corresponding received RESET PDU.
11.4.4
Reception of the RESET ACK PDU by the Sender

Upon reception of a RESET ACK PDU, the Sender shall:

-
if the Sender has already transmitted a RESET PDU which has not been yet acknowledged by a RESET ACK PDU:

-
if the received RSN value is the same as the one in the corresponding RESET PDU:

-
set the HFN value (DL HFN when the RESET ACK PDU is received in UE or UL HFN when the RESET ACK PDU is received in UTRAN) to the HFNI field of the received RESET ACK PDU;

-
reset the state variables described in subclause 9.4 to their initial values;
-
stop all the timers described in subclause 9.5;
-
reset configurable parameters to their configured values;
-
discard all RLC PDUs in the receiving side of the AM RLC entity;
-
discard all RLC SDUs in the transmitting side of the AM RLC entity;
-
increase with one the UL HFN and DL HFN, and the updated HFN values shall be used for the first transmitted and received AMD PDUs after the reset procedure;
-
otherwise (if the received RSN value is not the same as the one in the corresponding RESET PDU):

-
discard the RESET ACK PDU;

-
otherwise (if the Sender has not transmitted a RESET PDU which has not been yet acknowledged by a RESET ACK PDU):

-
discard the RESET ACK PDU.
NOTE:
If the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the RLC entity may delay the RLC SDUs discard in the transmitting side until the end of the next TTI.
11.4.5
Abnormal cases

11.4.5.1
Timer_RST timeout

If Timer_RST expires before the reset procedure is terminated, the Sender shall:

-
if VT(RST)<MaxRST-1:

-
set the RESET PDU as previously transmitted (even if additional SDUs were discarded in the mean-time);
-
transmit RESET PDU;

-
increment VT(RST) by one;

-
restart Timer_RST.

11.4.5.2
Unrecoverable error (VT(RST) ( MaxRST)
The Sender shall:

-
if VT(RST) becomes larger than or equal to MaxRST:

-
indicate unrecoverable error to upper layer.

11.4.5.3
Reception of the RESET PDU by the Sender

Upon reception of a RESET PDU, the Sender shall:

-
submit a RESET ACK PDU to the lower layer with the content set as specified in subclause 11.4.3.1;

-
reset the state variables described in subclause 9.4 except VT(RST) to their initial values;
-
stop all the timers described in subclause 9.5 except Timer_RST;
-
reset configurable parameters to their configured values;
-
discard all RLC PDUs in the receiving side of the AM RLC entity;
-
discard all RLC SDUs in the transmitting side of the AM RLC entity;
-
set the HFN (DL HFN when the RESET PDU is received in UE or UL HFN when the RESET PDU is received in UTRAN) equal to the HFNI field in the received RESET PDU;

-
increase with one the UL HFN and DL HFN, and the updated HFN values shall be used for the first transmitted and received AMD PDUs after the reset procedure.
NOTE:
If the TFC selection exchange has been initiated by sending the RLC Entity Info parameter to MAC, the RLC entity may delay the RLC SDUs discard in the transmitting side until the end of the next TTI.
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