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Introduction

In RAN#88 meeting,  one of the IIOT WID have been decided as below:

Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
 Specify support for UE-initiated COT for FBE with minimum specification effort
 Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
For this WID, the bullet “a” shall be discussed only in RAN 1 at first while the bullet b can be discussed in both RAN1 and RAN2.Nevertheless, before discussing about the harmonization of enhanced configured grant on shared spectrum channel, we need to figured out the meaning of the “controlled” highlighted by yellow in the WID. In this contribution , we managed to understanding the meaning of “unlicensed controlled environment” and share our views on the harmonization of enhanced configured grant on shared spectrum channel.
Discussions
How to understand the unlicensed controlled environment
As mentioned in the first part of this contribution, we have the terminology of unlicensed controlled environment which is defined as a scenario for the WID. However, there is no any clear definition for the unlicensed controlled environment in the WI report. More, it seems a little weird to use ‘controlled’ in this sentence  since the unlicensed channel means that the channel is out of control. According to the WID in RP-201310, the interpretation of controlled environment is as below:

-----------------  From WID of IIOT in R-17 ---------------------------------------------
The support of unlicensed operation needs checking if Release 16 features need any additions to enable operation on FR1, especially in controlled environments, which assumes an environment which contains only devices operating on the unlicensed band installed by the facility owner and where unexpected interference from other systems and/or radio access technology only sporadically happens.
----------------- From WID of IIOT in R-17 -------------------------------------------------------

For the yellow highlighted wording, it is still vague whether we need to take the inter-UE interference into account, in other words, whether the LBT failure would  happen in the case of URLLC transmission on shared spectrum channel. Thus we may have two directions to go for:

Option 1: Ignore the LBT failure in the case that URLLC transmission on shared spectrum channel

Option 2: LBT failure shall be taken into account in the case that URLLC transmission on share spectrum channel, and the consistent LBT failure will never happen for the URLLC transmission on shared spectrum channel since the LBT failure is happened sporadically. The solution for the issue raised by sporadic LBT failure shall be kept as simple as possible, if needed.
The differences of work between option 1 and option 2 is whether to consider the LBT failure as an issue for the harmonization of configured grant enhancement onto shared spectrum channel. In our understanding, the NRIIOT device and NW is anyway performing the listen before talk even on controlled unlicensed environment, we can not deny that the LBT procedure may be failed sometime. Just going for the complete ignorance of LBT failure for URLLC transmission would cause the delay of URLLC transmission. Thus the interpretation of option 2  seems reasonable.

Proposal 1:  For the controlled environment on shared spectrum channel, the sporadic LBT failure for URLLC transmission shall be taken into account but the consistent LBT failure are pretended to never happen.
Harmonization of configured grant enhancement

In rel-16, the configured grant can be configured on both licensed and unlicensed channel, but the feature of the configured grant on licensed channel is some kind different with the configured grant on the shared spectrum channel. For harmonization of configured grant enhancement defined in NRU and NRIIOT, it is necessary to figure out what features of configured grant shall be harmonized between NRU and NRIIOT from RAN2 perspective. 

In NRIIOT, the configure grant enhancement are including the following two general aspects:

Priority handling involved configured grants

Autonomous transmission for deprioritized configured grant where the MAC PDU have being generated

While in NRU, the main configured grant enhancements  in RAN2 is autonomous retransmission for the failure of initial transmission.

Thus for harmonization of configure grant enhancement in NRU and NRIIOT shall at least have two issues as below:

How to harmonize the priority handling involved configured grants with shared spectrum channel

How to harmonize the autonomous (re)transmission defined in NRU and NRIIOT
Proposal 2: For harmonizing the configured grants enhancement between NRU and NRIIOT, RAN2 is kindly asked to address the following issues:

Harmonize the priority handling involved configured grants with the shared spectrum channel

Harmonize the autonomous (re)transmission defined in NRU and NRIIOT
Priority handling involved configured grant on share spectrum channel
In Rel-16, an important prat of job for configured grant in NRIIOT is intra-UE mulitplexing handling involved configure grant, it is defined that the highest priority of a LCH which is or can be multiplexed for the UL grant becomes the criteria of priority handling. Considering  there is no any other criteria for intra-UE multiplexing defined in NRU, the criteria defined in NRIIOT can be treated as baseline for addressing the case that URLLC transmission on the  shared spectrum channel.

Proposal 3: For Harmonizing the priority handling involved configured grants with the share spectrum channel, the criteria defined in NRIIOT can be treated as baseline.(i.e The LCH priority based method)
Harmonize the autonomous (re)transmission defined in NRU and NRIIOT
In unlicensed spectrum, gNB doesn’t transmit any DL signal if LBT fails. For transmission on configured grant resource, the requirement for the feedback or scheduling command from gNB causes the more delay. In NR-U, UE can perform the autonomous retransmission in the next available resource. As for URLLC in unlicensed spectrum, if the LBT failure is taken into account as proposed in proposal 1 ,the time sensitive traffic requires more prompt retransmission if LBT failure occurrs. Hence, it is beneficial for UE to support the autonomous retransmission of NR-U.

Proposal 4: For IIoT in unlicensed spectrum, it is beneficial for UE to support the autonomous retransmission of NR-U.

As a result, the mechanism to enable autonomous retransmission in NR-U should be used as a baseline to IIoT in unlicensed spectrum.  If the feedback or scheduling command from gNB is absent due to failed LBT, UE may misinterpret a delayed retransmission grant as an ACK because configuredGrantTimer expires. Hence, the CG retransmission timer  (i.e. timer expiry = HARQ NACK) is necessary to trigger the autonomous retransmission.
Proposal 5:  The CG retransmission timer should be introduced to enable the autonomous retransmission for IIoT in unlicensed spectrum.
In NR-U, it is up to UE’s implementation to select a HARQ ID and redundancy version, and the selected HARQ ID and redundancy version are carried in UCI. In this way, the decoupling of relationship between the HARQ ID and configured grant allows the autonomous retransmission in the same and different CG configuration, and it brings with more transmission opportunities compared with IIoT. For IIoT in unlicensed spectrum, the flexible determination of HARQ ID and redundancy version can minimize the transmission delay.

Proposal 6:  UE implementation selects the HARQ ID and redundancy version for IIoT in unlicensed spectrum.

For IIoT in unlicensed spectrum, both two cases can cause the UL PDU to be transmitted unsuccessfully: due to LBT failure (similar as NR-U) and due to be de-prioritized (similar as URLLC).  In URLLC, the de-prioritized PDU is treated as a new transmission due to the limitation of the HARQ ID. If UE selects the HARQ ID for the de-prioritized PDU as proposal 6, the HARQ process can be pended for the retransmission of the de-prioritized PDU. As result, the automatic transmission defined in NRIIOT can be harmonized as the automatic retransmsision defined in NRU. 
Proposal 7: The handling for the failed transmission due to LBT failure and due to be de-prioritized can be  harmonized as the retransmission using the pending HARQ process.

Conclusion

Proposal 1:  For the controlled environment on shared spectrum channel, the sporadic LBT failure shall be taken into account but the consistent LBT failure will never happen under the controlled environment.

Proposal 2: For harmonizing the configured grants enhancement between NRU and NRIIOT, RAN2 is kindly asked to address the following issues:

Harmonize the priority handling involved configured grants with the shared spectrum channel

Harmonize the autonomous (re)transmission defined in NRU and NRIIOT
Proposal 3: For Harmonizing the priority handling involved configured grants with the share spectrum channel, the criteria defined in NRIIOT can be treated as baseline.(i.e The LCH priority based method)
Proposal 4: For IIoT in unlicensed spectrum, it is beneficial for UE to support the autonomous retransmission of NR-U.

Proposal 5:  The CG retransmission timer should be introduced to enable the autonomous retransmission for IIoT in unlicensed spectrum.
Proposal 6:  UE implementation selects the HARQ ID and redundancy version for IIoT in unlicensed spectrum.
Proposal 7: The handling for the failed transmission due to LBT failure and due to be de-prioritized can be  harmonized as the retransmission using the pending HARQ process.

Reference

RP-201310 WID: Enhanced Industrial Internet of Things (IOT) and URLLC support for NR
