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Introduction
In RAN #86 meeting, a new WID for Rel-17 “enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR” was agreed, and it was revised in RAN #88e meeting finalizing the scope of supporting unlicensed operation [1]. The objective of the revised WID includes the following:
	2.  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



In this contribution, we address our initial view on URLLC operation in unlicensed bands using NR-U and discuss potential enhancements under the above objective.

Discussion
Channel access modes for URLLC
In unlicensed controlled environments (e.g., non-public network) where no inter-RAT interference and coexistence can be assumed, the major challenge in URLLC transmission is the latency increase due to channel unavailability during the channel access. In Rel-16 NR-U, two channel access modes are supported. The first one is LBE (load-based equipment), where the CCA is performed on-demand which at first glance may look favourable to low-latency communication. However, the channel access in LBE is basically based on Cat.4 LBT. Since for contention resolution a random back-off is performed if the initial CCA fails, the sensing latency can be largely increased depending on the applied CWS. Also, the contention is difficult to be controlled because each node independently tries to access the channel at any time wanted. In this reason, the LBE is not a proper mechanism for URLLC applications requiring tight latency and reliability requirements such as factory automation, remote driving, etc.
The second mode is FBE (frame-based equipment). In FBE, as the name implies, the channel access is performed on a certain frame structure called FFP (fixed frame period). Fig. 1 illustrates a FFP structure. Each FFP that occurs periodically comprises a COT from the beginning and an idle period from the end. The CCA is allowed in each idle period that also periodically occurs. If the CCA is successful, then gNB can occupy a COT of the next FFP and UE can share the COT. One shot LBT without random backoff, or no LBT is performed before each transmission. The gNB and UE can perform transmission in any location within a COT if the COT was initially occupied at the beginning. Each COT will be successfully occupied with a very high probability because the sensing operation among neighboring gNBs can be performed in a synchronized manner and there is no other RAT device. Considering the overall nature of the FBE operation, we think that the FBE is suitable for URLLC, and URLLC in shared spectrum is feasible based on NR-U FBE, with potential improvement during this WI.
Observation 1: URLLC transmission in shared spectrum is considered as feasible based on NR-U FBE operation, with potential improvement in Rel-17.



Fig. 1. An FFP structure for NR-U FBE
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UL latency components in FBE
Compared with the licensed band operation, there are two additional latency components in FBE which may delay the UL transmission. One is latency due to idle period, and the other is processing delay for DL detection to validate UL transmission.
1) Latency due to idle period
The idle period Tz is given by Tz = max(0.05*Tx, 100us). The lengths (in sec., and in symbols) of the idle period for various FFP durations are listed in Table 1. It is observed that at least 3 symbols (in the end of each FFP) are unavailable for UL (as well as DL) transmission. If the FFP duration increases, more symbols, i.e., up to 1 slot, cannot be utilized.
Table 1. Lengths of the idle period for various FFP durations
	FFP duration
	COT duration
	Idle period
(in sec.)
	Idle period
(in sym, 30 kHz SCS)

	1 ms
	0.9 ms
	100 us
	3 symbols

	2 ms
	1.9 ms
	100 us
	3 symbols

	2.5 ms
	2.375 ms
	125 us
	4 symbols

	4 ms
	3.8 ms
	200 us
	6 symbols

	5 ms
	4.75 ms
	250 us
	8 symbols

	10 ms
	9.5 ms
	500 us
	14 symbols (=1 slot)



2) Latency due to processing for DL detection to validate UL transmission
In FBE, UE can transmit a UL transmission after a successful detection of a DL burst within the same COT. That is, a UL transmission should be validated by a detected DL signal/channel. Therefore, UE needs some time for checking the validity of a UL transmission including the processing time for DL detection. If a UL transmission is a dynamic PUSCH and a corresponding UL grant is transmitted together with the PUSCH in the same COT, the validation is done by a corresponding UL grant and there is no issue. However more cases need to be considered (please refer to our companion tdoc [2] for further details). For example, if a configured PUSCH for URLLC is to be transmitted in the front of a FFP, the validation of the PUSCH would be an issue and still some DL processing delay should be there. It will take a couple of symbols before the UL transmission with any DL signal/channel.
Fig. 2 illustrates an example of UL delay in FBE caused around a FFP boundary. In this example, the two latency components, i.e., idle period and UL validation, are serially concatenated, which results in considerable delay, i.e., about 1 slot, to UL transmission. The additional 0.5 ms delay (assuming 30 kHz SCS) coming from the nature of unlicensed operation would be critical for some URLLC application. Thus, some enhancements relieving the UL latencies may be needed.
Observation 2: There are two additional latency components in FBE which may delay the UL transmission. One is latency due to idle period, and the other is processing delay of DL detection for shared COT acquisition (i.e., UL transmission validation).



Fig. 2. UL transmission delay around a FFP boundary in FBE

UE-initiated COT in FBE
There are two solutions to resolve the latency issue addressed in the previous section. One is to reduce the DL processing time for UL Tx validation. Another approach which is clearly under the scope of this WI is to support FBE operation where UE operates as an initiating device. When UE initiates a COT, the UE can immediately transmit a PUSCH without waiting for a successful DL detection. Hence the latency can be much decreased based on the UE-initiated COT.
Fig. 3 shows an example of UL delay improvement based on the UE-initiated COT around a FFP boundary. Since there is no delay for UL validation, the UL transmission gap is much smaller than the case explained in Fig. 2. As illustrated in the figure, to give flexibility of putting the COT initiation timing to any location of a slot format (e.g., in the middle of a slot in Fig. 3), a time offset can be applied to a FFP for UE-initiated COT.
Observation 3: UL latency can be improved based on the use of the UE-initiated COT.
Proposal 1: A time offset is included in the configuration information of the FFP for UE-initiated COT.



Fig. 3. UL delay improvement based on UE-initiated COT

Two alternatives when introducing the UE-initiated COT can be considered.
· Alt. 1: Either the FFP for gNB-initiated COT (i.e., DL FFP) or the FFP for UE-initiated COT (i.e., UL FFP) is configured.
· Alt. 2: To allow simultaneous configuration of DL FFP and UL FFP in a serving cell.
Our initial view is that from the latency perspective, Alt. 1 is sufficient, and Alt. 2 does not additionally contribute much. More discussion seems needed.
Proposal 2: Discuss necessity of simultaneous configuration of DL FFP and UL FFP in a serving cell.

PUSCH transmission for URLLC-U
The Rel-16 PUSCH enhancements include the following two functionalities.
· Scheme 1: PUSCH repetition type B (in URLLC AI)
· Supports mini-slot level repetition for latency reduction. Applicable for both dynamic PUSCH and configured PUSCH.
· Scheme 2: Multi-PUSCH scheduling (in NR-U AI)
· Supports scheduling of multiple PUSCHs having different TBs to enable or better support contiguous transmissions. For dynamic PUSCH, a single DCI can schedule multiple TBs, each with its own SLIV. For configured PUSCH, UE can transmit multiple TBs within one CG period.
The harmonization of the two schemes can be done by taking either Scheme 1 or Scheme 2 as the baseline. In our view, the function of multi-TB scheduling is not essential for URLLC-U. If (nevertheless) multiple TBs need to be consecutively transmitted in URLLC, multiple CG configurations can be configured (as legacy behaviour). For eMBB traffic, Scheme 2 is already there. Therefore, our initial view is that Scheme 1 can be considered as the baseline for the PUSCH enhancement.
Observation 4: Support of multi-TB scheduling introduced in Rel-16 NR-U seems not necessary for URLLC-U operation. Even if a situation that multiple TBs needs to be consecutively transmitted in URLLC occurs, multiple CG configurations can used for each TB.
Proposal 3: Enhance the PUSCH repetition type B for URLLC-U operation.

One issue with the PUSCH repetition type B is the PUSCH segmentation on the idle period. The simplest way is to regard the idle symbols (i.e., symbols overlapping with the idle period) as invalid symbols. Then a nominal PUSCH can be segmented into actual PUSCH(s) if it meets the idle symbols.
Proposal 4: In FBE, for PUSCH mapping type B, the idle symbols are regarded as invalid symbols.

Conclusion
In this contribution, our initial view on enhancements for URLLC in unlicensed bands are discussed. The following proposals and observations are noted.
Observation 1: URLLC transmission in shared spectrum is considered as feasible based on NR-U FBE operation, with potential improvement in Rel-17.
Observation 2: There are two additional latency components in FBE which may delay the UL transmission. One is latency due to idle period, and the other is processing delay of DL detection for shared COT acquisition (i.e., UL transmission validation).
Observation 3: UL latency can be improved based on the use of the UE-initiated COT.
Proposal 1: A time offset is included in the configuration information of the FFP for UE-initiated COT.
Proposal 2: Discuss necessity of simultaneous configuration of DL FFP and UL FFP in a serving cell.
Observation 4: Support of multi-TB scheduling introduced in Rel-16 NR-U seems not necessary for URLLC-U operation. Even if a situation that multiple TBs needs to be consecutively transmitted in URLLC occurs, multiple CG configurations can used for each TB.
Proposal 3: Enhance the PUSCH repetition type B for URLLC-U operation.
Proposal 4: In FBE, for PUSCH mapping type B, the idle symbols are regarded as invalid symbols.
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