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Introduction
[bookmark: _Ref129681832]In the previous RAN plenary meeting RP#88, the scope of the former Rel-17 WID on Enhanced Industrial Internet of Things (IoT) and URLLC Support in RP-19323 has been revised. The revised WID in RP-201310 entitled ‘Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR’ includes one objective on uplink enhancements for URLLC in unlicensed controlled environments.  A controlled environment is assumed to contain only devices operating on the unlicensed band installed by the facility owner and wherein unexpected interference from other systems and/or radio access technologies only sporadically happens. Details of the objective are as below: 
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 discuss some issues related to the support for UE-initiated Channel Occupancy (CO) when the UE operates as a Frame-based Equipment (FBE) in the sub-7 GHz unlicensed spectrum given the existing NR-U Rel-16 support for gNB-initiated CO. We also discuss a possible harmonization of the UL configured grant (CG) enhancements in Rel-16 for NR-U and URLLC to support the operation in the unlicensed spectrum.
Discussion
Support for a UE initiating semi-static channel occupancy as an FBE
In NR-U Rel-16, gNB-initiated semi-static CO is supported and the associated channel access procedures for the initiating gNB and its responding UEs have been specified in Section 4.3 of TS 37.213 v16.2.0 [1] for operation in a channel in the shared (unlicensed) spectrum below 7 GHz. The support therein is specific to the scenario in which the absence of any other technology sharing the channel can be guaranteed on a long-term basis, e.g. by level of regulation.  For a gNB-initiated semi-static CO, the gNB provides UE(s) with the following higher layer parameters by SIB1 or dedicated configuration:
- ChannelAccessMode-r16 ='semistatic', and
-  provided in semiStaticChannelAccessConfig-r16 taking a value from {1, 2, 2.5, 4, 5, 10} ms 
[image: ]
Figure 1. gNB initiated semi-static channel occupancy in Rel-16 NR-U
As shown in Figure 1, a periodic CO can then be initiated by the gNB every  within every two consecutive radio frames, starting from the even indexed radio frame at  where . The maximum channel occupancy time (MCOT)  including any uplink transmissions by the UEs and switching gaps. No transmission by the gNB or the responding UEs is allowed within the idle period of the gNB frame defined as a set of consecutive symbols for a duration of at least  before the start of the next frame period. DL transmission burst(s) start at the beginning of a frame immediately after sensing the channel to be idle for at least 9us; no transmission is allowed in that frame period if the channel is sensed to be busy. Also, additional DL transmission burst(s), other than the DL bursts transmitted to initiate the CO, can occur within the COT immediately after sensing the channel to be idle for at least 9𝑢𝑠 if the gap from any previous burst, DL or UL, is more than 16𝑢𝑠, while no channel sensing is required if the gap between the DL and UL transmission bursts is at most  We note that DL-UL COT sharing is thus supported such that a responding UE may also transmit UL transmission burst(s) after a DL transmission burst(s) within the COT without sensing the channel if the gap is at most . However, if the gap is more than , the UE needs to sense the channel to be idle for at least  within a  interval ending immediately before transmission.
Not only does limiting the FBE operation (with semi-static channel occupancy) to the unlicensed controlled environment imply the absence of any other technology sharing the channel on a long-term basis, but it also implies that even for the same technology, the absence of devices operating as an LBE (or dynamic channel access) can be guaranteed on a long-term basis. As such, if a gNB configures a UE to initiate its own channel occupancy in an unlicensed channel, any DL transmissions that are not transmitted in response to the UL transmission by the initiating UE would have to be transmitted within a gNB-initiated semi-static CO. Therefore, such a UE would still be configured with the parameters corresponding to the gNB-initiated semi-static CO in accordance with Rel-16 specifications. 
In line with the objective of the WID to specify the support for UE-initiated COT for FBE with minimum specification effort, it would be also quite simple to specify only the new higher layer parameters and any necessary channel access procedures required for the UE to establish its semi-static CO based on the gNB’s semi-static CO in the same channel(s). 
Proposal 1: For a gNB to configure a UE to initiate semi-static CO in an unlicensed channel(s), the gNB configures the UE with the higher layer parameters of the gNB’s semi-static CO in the same channel(s) as in Rel-16 and the new higher layer parameters required for the UE to initiate its semi-static CO based on the gNB’s semi-static CO.
· Channel access procedures necessary for the UE to initiate and transmit within its semi-static CO should be specified.

Although a UE can initiate, and also continue transmitting within, its semi-static CO by transmitting dynamically scheduled uplink channels/signals, it is worth noting that the periodic nature of the UE-initiated semi-static CO is mostly suited for uplink transmission with configured grant (CG) which is notably well suited for latency reduction in the IIoT uses cases featuring periodic and deterministic data with very low latency requirements. Due to the requirements on time domain resource allocation to avoid gaps between the consecutive UL transmissions in the unlicensed channel, either the TDRA enhancements introduced for Rel-16 eURLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for configuring/scheduling the time domain resources for UL transmissions within the UE-initiated CO. 
Observation 1: TDRA enhancements introduced in Rel-16 either for eURLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for scheduling/configuring consecutive UL transmissions within the UE-initiated CO without gaps.

Given the regulatory requirements of minimum occupied BW (OCB) and maximum power spectral density (PSD) for transmission in the unlicensed channel, it should be noted that the frequency domain resource allocation (FDRA) should be interlace based as per FDRA Type 2 introduced for NR-U in Rel-16. This in fact avoids the need for power backoff and is also beneficial for some IIoT/URLLC applications with small packet sizes which may not be suitable to occupy at least 80% of the RBs constituting the 20MHz unlicensed channel using FDRA Type 0/1.
Observation 2: FDRA Type 2 introduced for NR-U in Rel-16 is more suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.

In Figure 2, two different UEs or (two different FDMed UE groups) are configured with two FBE frames of the same period as that of the gNB FBE frame. Configuring the UEs to reuse the same period configured for the gNB frame simplifies the avoidance of the UE channel access blocking by the ongoing gNB-initiated CO through configuring the reference starting point of the UE frame using an offset to the beginning of the gNB frame. In fact, the gNB should strive to configure more UEs with a same offset and multiplex them in the frequency domain using interlaces; that would align the UEs’ CCAs and give more time span for both UE CO and gNB CO within the gNB’s frame period. Note that a UE needs to transmit a transmission at the start of its UE frame to acquire the channel while the maximum supported frame period is 10 ms.
Observation 3: Configuring the UEs to reuse the gNB’s frame period to initiate respective semi-static COs in the same channels attains the following benefits: 
· Simplifies avoidance of channel access blocking by ongoing COs; 
· Allows for alignment of the UEs’ CCAs, e.g., FDMed UE group; 
· Gives more time span for UEs’ COs and gNB CO.

Proposal 2: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be configured with an offset to the beginning of the coexisting gNB frame in the same channel.
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Figure 2. Two different UEs or (two different FDMed UE groups) are configured with two FBE frames of the same period as that of the gNB FBE frame using offsets to the beginning of gNB frame.
     
While it can be left to implementation for the gNB to end its CO before the start of the CCA of the earliest UE frame, it can be seen from Figure 2 that UE1 would be unaware of the following UE’s frames configured within the gNB frame. Therefore, when a UE is configured to initiate its semi-static CO using an offset to the beginning of the gNB frame, the UE should be also enabled to limit its CO such that it ends before the CCA of the following UE’s frame. Note that such a limitation on the UE-initiated semi-static CO is typically more stringent than the inherent limitation MCOT = 0.95 FFP. 
Proposal 3: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any.

As discussed earlier, DL-UL COT sharing is already supported in Rel-16 within the gNB semi-static CO. Given the coexisting UE-initiated CO in the same channel, more restrictions are imposed on the UL transmissions by the same UE within the gNB semi-static CO to avoid the issue shown in Figure 3 wherein both gNB-initiated and UE-initiated COTs are much shorter than MCOT (0.95 FFP) yet such UL transmissions within the gNB CO may still fall into the idle period of the UE frame.      
[image: ]
Figure 3.  Both gNB-initiated and UE-initiated COTs are much shorter than MCOT (0.95 FFP) yet UL transmissions by the same UE within gNB CO may still fall into the idle period of the UE frame 

Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, restricting the UE from transmitting within the idle period of its frame applies to its UL transmissions within the coexisting gNB CO in the same channel.

Harmonization of CG enhancements in Rel-16 NR-U and URLLC
Aside from the different TDRA enhancements introduced for CG under NR-U and eURLLC WIs in Rel-16, there is a number of features that were introduced as CG enhancements under NR-U including the transmission of explicit HARQ-ACK feedback in CG-DFI (using DCI 0_1 with the DFI flag set) and the multiplexing of CG-UCI on CG-PUSCH indicating HARQ related information such as NDI, RV and HARQ ID as well as UL-DL COT sharing information. In fact, these two features were introduced to support the decoupling in NR-U CG between the time domain resources and HARQ ID as well as the ability to perform autonomous retransmission on CG resources which has been conditioned upon the expiry of a higher-layer configured retransmission timer of a shorter time span than the default configuredGrantTimer, namely, the cg-RetransmissionTimer-r16. It is noted that the UE monitors the CG-DFI for early termination of the repetitions of a TB (ACK) as well as enabling CG retransmission of the TB (NACK) after the respective cg-RetransmissionTimer-r16 expires.
During the discussion on Rel-16 UE feature groups, it was agreed to group the support for retransmission on CG resources and the support for its associated cg-RetransmissionTimer-r16 in one feature group along with the two features of supporting monitoring of CG-DFI and multiplexing of CG-UCI on CG-PUSCH as shown in the description of FG10-18 in the table below. As such, the gNB may configure a UE to operate in accordance to NR-U CG enhancements in a given band if the UE indicates its support for retransmission on CG resources in that band through capability signaling. 
In such a case, for harmonizing UL CG enhancements in NR-U and URLLC, it is intuitive to use the cg-RetransmissionTimer-r16 to differentiate which CG features, from URLLC or NRU, are applicable in the unlicensed band. If the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, Otherwise, URLLC CG enhancements shall be used instead.

	10. NR-unlicensed
	10-18
	Configured grant with retransmission in CG resources 
	1. Support retransmission in CG resources
2. Support configured grant retransmission timer
3. Support DFI monitoring
4. Support CG-UCI in CG-PUSCH
	One or both of {5-19, 5-20}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	Support configured grant with retransmission in configured grant resource
	Optional with capability signalling



Proposal 5: For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead. 

Conclusions
Based on the discussions, the following observations and proposals were made:
Observation 1: TDRA enhancements introduced in Rel-16 either for eURLLC, e.g., PUSCH repetition type B, or for NR-U under PUSCH repetition type A, are suitable for scheduling/configuring consecutive UL transmissions within the UE-initiated CO without gaps.
Observation 2: FDRA Type 2 introduced for NR-U in Rel-16 is more suitable to fulfill the OCB and PSD requirements in the unlicensed channel compared to FDRA Type 0/1.
Observation 3: Configuring the UEs to reuse the gNB’s frame period to initiate respective semi-static COs in the same channels attains the following benefits: 
· Simplifies avoidance of channel access blocking by ongoing COs; 
· Allows for alignment of the UEs’ CCAs, e.g., FDMed UE group; 
· Gives more time span for UEs’ COs and gNB CO.

Proposal 1: For a gNB to configure a UE to initiate semi-static CO in an unlicensed channel(s), the gNB configures the UE with the higher layer parameters of the gNB’s semi-static CO in the same channel(s) as in Rel-16 and the new higher layer parameters required for the UE to initiate its semi-static CO based on the gNB’s semi-static CO.
· Channel access procedures necessary for the UE to initiate and transmit within its semi-static CO should be specified.
Proposal 2: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be configured with an offset to the beginning of the coexisting gNB frame in the same channel.
Proposal 3: For UE-initiated semi-static CO in a given unlicensed channel, the UE should be enabled to stop its CO such that it ends before the CCA of a following UE’s frame in the same channel, if any.
[bookmark: _GoBack]Proposal 4: For UE-initiated semi-static CO in a given unlicensed channel, restricting the UE from transmitting within the idle period of its frame applies to its UL transmissions within the coexisting gNB CO in the same channel.
Proposal 5: For harmonizing UL CG enhancements in Rel-16, if the higher-layer parameter cg-RetransmissionTimer-r16 is provided in ConfiguredGrantConfig, NR-U CG enhancements shall be adopted, otherwise, URLLC CG enhancements shall be used instead. 
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