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Introduction
At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2].
There are five objectives for the approved work item:

1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum


3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 

4. Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]
5. RAN enhancements based on new QoS related parameters if any, e.g. survival time, burst spread, decided in SA2. [RAN2, RAN3] 


In this contribution, we provide discussion related to Objective 2.
Orphan symbol handling in Rel-16
In Rel-16 URLLC, due to introduction of PUSCH repetition type B, a nominal repetition can be segmented into actual repetition(s). If the duration of a nominal repetition (L) is larger than one, but the duration of an actual repetition is one OFDM symbol, then the actual repetition is dropped. The HARQ redundancy version sequence actually runs over the dropped actual repetition as if the actual repetition is available for transmission with the determined HARQ redundancy version. 

Since in the Rel-16 time frame, the normative work for URLLC is limited to licensed spectrum, dropping the orphan symbol is a reasonable choice with no major drawback. However, in Rel-17, as the scope of URLLC operation is extended to unlicensed spectrum, such a design deserves a re-examination. 

From channel access point of view, if a node holds a channel, its transmission should be continuous without gap. If a gap is created between a node’s transmissions (e.g. a gap between the first transmission and second transmission of  the first node), then other nodes which perform CCA at the gap time may perceive the channel as clear and start transmission, which will collide with the first node’s second transmission.  In the NR setup, the first node is a UE, and other nodes may include other UEs or gNBs. Thus we see the orphan symbol handling as from Rel-16 problematic for unlicensed spectrum access. 

To deal with the channel access issue with actual repetition with orphan symbol, we have
Proposal 1: Instead of dropping the orphan symbol, a filler symbol is transmitted by the UE to avoid a gap between actual repetitions in PUSCH Type B transmission.
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Figure 1 Using a symbol from a previous actual repetition or a trailing actual repetition as the filler symbol
Next we can discuss how the filler symbol is generated. To minimize specification effort, and also implementation effort, it is better to use portion of signal which needs to be generated by the UE anyway as the filler symbol. Hence the filler symbol can be the same as the last symbol from a previous actual repetition or the first symbol from the next actual repetition as shown in Figure 1. We have:

Proposal 2: the filler symbol can be the same as the last symbol from a previous actual repetition or the first symbol from the next actual repetition.

Conclusions
In this contribution we discuss orphan symbol handling for unlicensed spectrum. We have 

Proposal 1: Instead of dropping the orphan symbol, a filler symbol is transmitted by the UE to avoid a gap between actual repetitions in PUSCH Type B transmission.

Proposal 2: the filler symbol can be the same as the last symbol from a previous actual repetition or the first symbol from the next actual repetition.
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