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Introduction
In NR-U, RAN2 has made agreements regarding AUL transmissions with configured grants. They are highlighted as below

A new timer is introduced for auto retransmission (i.e. timer expiry = HARQ NACK) on configured grant for the case of the TB previous being transmitted on a configured grant “CG retransmission timer”.
the new timer is started when the TB is actually transmitted on the configured grant and stopped upon reception of HARQ feedback (DFI) or dynamic grant for the HARQ process. 

According to above agreements, a UE can trigger a retransmission autonomously using a configured grant for a HARQ process configured with autonomous uplink (AUL) when the CG retransmission timer is expired while the UE has not received HARQ feedback for the HARQ process.  With this added functionality, it is beneficial for the UE to avoid the HARQ process to be stalled in case the gNB has missed the HARQ transmission initiated by the UE, on the other hand, the UE should not be allowed to trigger too many retransmissions autonomously for a HARQ process which lead to resource waste and unnecessary latency.  Therefore, in this contribution, we study how to limit the maximum autonomous retransmissions for a HARQ process configured with AUL.
[bookmark: _Ref525834269]Discussion
[bookmark: _Toc7535766][bookmark: _Toc7732351]To support autonomous retransmission in uplink using a configured grant, in RAN2-105bis, it was agreed to introduce a new timer to protect the HARQ procedure so that the retransmission can use the same HARQ process for retransmissions only after the timer has expired. A CG retransmission timer is started for a HARQ process configured with AUL upon the data transmission using a configured grant, and a retransmission using another configured grant is triggered when the CG retransmission timer expires.  
[bookmark: _Toc11748103][bookmark: _Toc15051551][bookmark: _Toc16499403][bookmark: _Toc16780451][bookmark: _Toc16780606][bookmark: _Toc16793441][bookmark: _Toc16804451]Same as in LTE LAA, AUL with configured grant supports autonomous HARQ retransmission upon expiry of the CG retransmission timer
One remaining issue is observed that a UE may just continuously initiate autonomous HARQ retransmissions for a HARQ process for a very long time. However, the gNB may not successfully receive the TB either due to bad radio channel quality or the channel is seldom obtained due to LBT failures. This is certainly not desirable because the packet may become too old and any retransmission attempt would just further congest the channel and further affect the latency of other packets in the UL buffer. The RLC layer at the UE may sooner or later trigger RLC retransmissions for a RLC PDU which is still under retransmissions in the HARQ. The retransmitted RLC PDU would occupy a different HARQ process. In this case, the UE would then maintain two HARQ processes in transmission for the same RLC PDU. The RLC receiver at the gNB may receive two RLC PDU duplicates. This may create a trouble in case a wraparound of the RLC sequence number occurs. The second received RLC PDU may be treated as a new data and forwarded upward instead the PDU should be dropped.  
[bookmark: _Toc11748104][bookmark: _Toc15051552][bookmark: _Toc16499404][bookmark: _Toc16780452][bookmark: _Toc16780607][bookmark: _Toc16793442][bookmark: _Toc16804452]AUL lacks means to limit the maximum AUL retransmission attempts triggered by a UE, which may incur a huge delay.
[bookmark: _Toc16499405][bookmark: _Toc16780453][bookmark: _Toc16780608][bookmark: _Toc16793443][bookmark: _Toc16804453]Without limiting the maximum AUL retransmission attempts, the gNB may receive two duplicates of the same RLC PDU. The second duplicate may be treated as new data in case the RLC PDU sequence number wraps around.

Therefore, it is necessary to introduce a maximum limit on AUL retransmissions of a HARQ process triggered by a UE. There are two options expected.
Option 1: Use a timer to indicate the maximum amount of time for the UE to complete transmission of an HARQ process, i.e. when the timer expires the UE should flush the HARQ buffer for this HARQ process and transmit new data associated to it.
Usage of an existing timer, such as configuredGrantTimer (CGT) is a natural choice. If both CGT and CG retransmission timer are configured for a HARQ process, both timers can be operated in parallel. In this way, the UE can perform HARQ retransmission using CG resources for a HARQ process while CGT is running for the process. The value of CGT should be longer than that of CG retransmission timer. The HARQ buffer is flushed at expiry of CGT. An example of the procedure is illustrated in Figure 1.
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Figure 1. Control maximum number of AUL retransmissions using CGT.
Option 2: Use a counter to indicate the maximum number of retransmissions attempts, i.e. when the counter reaches a maximum value, the UE should flush the HARQ buffer for this HARQ process and transmit new data associated to it.
In NR Rel-15, there is no counter to count the number of HARQ retransmissions, i.e. it is the gNB that schedules a new dynamic grant in the DCI when the UL buffer should be emptied or not. Therefore, a new counter must be introduced, which require extra spec change.

Compared to Option 2, Option 1 is more preferred since Option 1 do not require spec changes in case the existing CGT is used for controlling maximum AUL retransmissions attempts.
Therefore, we make below proposal.
[bookmark: _Toc4591727][bookmark: _Toc4709241][bookmark: _Toc7535769][bookmark: _Toc7612868][bookmark: _Toc7732354][bookmark: _Toc11748099][bookmark: _Toc16780560][bookmark: _Toc16780609][bookmark: _Toc16793448][bookmark: _Toc15051555][bookmark: _Toc16780455][bookmark: _Toc3972017][bookmark: _Toc4533475][bookmark: _Toc16804454]Autonomous uplink in NR-U uses the configuredGrantTimer for controlling maximum AUL retransmissions attempts for an associated HARQ process.
[bookmark: _Toc16780561][bookmark: _Toc16780610][bookmark: _Toc16793449][bookmark: _Toc16804455]The corresponding HARQ process shall not be autonomously retransmitted after the expiry of the configuredGrantTimer.
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In section 2 we made the following observations:
Observation 1	Same as in LTE LAA, AUL with configured grant supports autonomous HARQ retransmission upon expiry of the CG retransmission timer
Observation 2	AUL lacks means to limit the maximum AUL retransmission attempts triggered by a UE, which may incur a huge delay.
Observation 3	Without limiting the maximum AUL retransmission attempts, the gNB may receive two duplicates of the same RLC PDU. The second duplicate may be treated as new data in case the RLC PDU sequence number wraps around.

Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	Autonomous uplink in NR-U uses the configuredGrantTimer for controlling maximum AUL retransmissions attempts for an associated HARQ process.
Proposal 2	The corresponding HARQ process shall not be autonomously retransmitted after the expiry of the configuredGrantTimer.

References

image1.png
initial tx of a TB with a
CG resource for a HARQ
process m

a HARQ retx with a CG
resource for HARQ
process m is triggered

both CGT timer and CG
retx timer are started for

HARQ process m

L i

CG retx timer interval

' T
CG retx timer interval

HARQ buffer of the process
m is flushed. A new TB can

be transmitted using the
HARQ process m

|
CG timer interval




