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1. Introduction
At RAN1#104bis-e and RAN1#105-e meetings, following agreements related to enhancements for unlicensed band URLLC were made [1, 2] while there are still a number of open issues as highlighted by yellow:
	Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI UL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The UL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· In semi-static channel access mode, the gNB can schedule by a DCI  DL transmission(s) in a later g-FFP that is different from the g-FFP that carries the scheduling DCI. 
· The DL transmission can occur only if the corresponding channel access requirements are met.
· FFS on details.
Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation. FFS whether/how to enhance
 Agreements
· For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether PUSCH segmentation should take into account the idle period of an FFP. 
· FFS on details
 Agreements
· [bookmark: _Hlk78960410]For PUSCH repetition Type B enhancements on unlicensed spectrum, further study whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted. FFS on details
Agreement: 
· Alt-a is taken in the following agreement:
Agreement:
[bookmark: _Hlk78917427]In semi-static channel access mode when a UE can operate as initiating device,
· [bookmark: _Hlk78917312]Select one of the following alternatives to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: Determination based on the content in the scheduling DCI
· FFS on whether the corresponding field(s) can be absent in DCI
· If absent, determination based on the rules applied for configured UL transmissions is applied
· FFS whether/how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period
· Alt-b: Determination based on the rules applied for a configured UL transmission



In the following section, UE-initiated COT for FBE and harmonizing UL CG enhancements are discussed especially related to the highlighted parts as above.


2. UE-initiated COT for FBE
2.1. COT-initiator determination for scheduled UL
Regarding COT-initiator determination for scheduled UL, there is an open issue whether the determination field(s) can be absent in the scheduling DCI or not. The existing channel access field in Rel-16 can be reused to indicate no sensing for gNB-initiated COT or 9us sensing for UE-initiated COT. For fallback DCI formats 0_0/1_0 and non-fallback DCI formats 0_1/1_1, channel access field is fixed to be present with 2bits for FBE in Rel-16 and the same rule can be reused for Rel-17. For compact DCI formats 0_2/1_2, it was discussed in the last RAN1 meeting whether to support the channel access field in DCI formats 0_2/1_2 as follows [3]. 
	Proposal 3-2 (updated):
Select one of the following:
· Option 1: Support the channel access fields in Rel-16 DCI 0_1 and 1_1 to be included in Rel-17 DCI 0_2 and 1_2, respectively.
· Option 2: Study whether to support the channel access fields in Rel-16 DCI 0_1 and 1_1 to be included in Rel-17 DCI 0_2 and 1_2, respectively
· Option 3: Support the channel access fields in Rel-16 DCI 0_1 and 1_1 to be included in Rel-17 DCI 0_2 and 1_2, respectively.
· The channel access fields in Rel-17 DCI 0_2 and 1_2 can be present or absent by configuration.



From URLLC perspective, compact DCI is beneficial and hence, channel access field should be supported in DCI formats 0_2/1_2 as well. However, unlike fallback and non-fallback DCI formats, compact DCI formats have high flexibility to have 0 bit fields (e.g. RV and HPN) to reduce the DCI bitwidth. Therefore, the same principle should be applied to the channel access field in DCI formats 0_2/1_2 (i.e. either 0 or 2 bits can be configured) and COT-initiator determination rule for configured UL can be reused when the field is absent.
Proposal 1:
· Support the channel access fields in Rel-16 DCI 0_1 and 1_1 to be included in Rel-17 DCI 0_2 and 1_2, respectively.
· The channel access fields in Rel-17 DCI 0_2 and 1_2 can be present or absent by configuration
Proposal 2:
· In semi-static channel access mode when a UE can operate as initiating device, channel access field is used to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT
· If channel access field is absent, determination based on the rules applied for configured UL transmissions is applied


2.2. Semi-static/dynamic control of a UE-initiated COT
Regarding semi-static control of UE-initiated COT, following proposals were discussed in previous RAN1 meeting [4]:
	Proposal 6-1:
In semi-static channel access mode when a UE can operate as an initiating device, support disabling UE-initiated COT by RRC for UL transmissions aligned with a set of UE FFP boundaries.
· FFS on details, e.g. configuration of set, etc. 
· Note: UE-initiated COT is considered enabled at each UE-FFP boundary once the FFP periodicity and offset are configured.
Proposal 6-2:
In semi-static channel access mode when a UE can operate as an initiating device, support disabling UE-initiated COT by RRC for a UL transmission aligned with a UE FFP boundary.
· FFS on disabling for a configured UL transmission and/or per configuration of the UL transmission
· FFS on disabling for a P-CSI report configuration, or SRS, or CG
· FFS on other details, e.g. configuration, etc. 
· Note: UE-initiated COT is considered enabled at each UE-FFP boundary once the FFP periodicity and offset are configured.
Proposal 6-3:
In semi-static channel access mode when a UE can operate as an initiating device, the UE can be RRC configured with a parameter to limit its COT to an indicated duration such that it ends before the idle period/CCA of a subsequent frame in the same channel
· FFF on details, e.g. configurations



The main motivation for these proposals is to allow COT acquisition for a part of UE FFPs and/or to control collisions/blocking between different UEs by gNB configuration. However, the same goal can be achieved by not allowing UL transmission by e.g., SFI or UL CI. Therefore, we don’t see the motivation to additionally introduce these functionalities.
Proposal 3:
· Semi-static control of UE-initiated COT, such as disabling UE-initiated COT by RRC for (a part of) UL transmissions or limiting COT duration, is not supported.

Regarding dynamic control of UE-initiated COT, the main discussion point is how to handle the case when the gNB schedules an UL transmission in the next gNB’s FFP period. Note that dynamically cancelling COT acquisition can be obtained by existing mechanisms such as SFI or UL CI, as mentioned above. In Rel-16 NR-U, Cat.4 LBT can be switched to Cat.2 LBT if corresponding UL transmission falls within gNB-initiated COT indicated by DCI format 2_0 for LBE. To achieve similar mechanism for FBE, following proposal was discussed in the previous RAN1 meeting [4]:
	Proposal 7-4
In semi-static channel access mode when a UE can operate as an initiating device, for a UL transmission, the UE can be dynamically indicated to change its assumption on the associated COT initiator for the UL transmission.
· FFF on details, e.g. signaling details



For cross-FFP scheduling, gNB may first schedule an UL transmission with 9us sensing assuming UL-initiated COT. After that, if gNB can initiate a COT, where the UL transmission falls, gNB indicates the COT information via DCI format 2_0 and if detected, UE can switch from 9us sensing to no sensing for the UL transmission. In that sense, the above proposal should be supported reusing DCI format 2_0.
Proposal 4:
· In semi-static channel access mode when a UE can operate as an initiating device, for a UL transmission, the UE can be dynamically indicated to change its assumption on the associated COT initiator for the UL transmission via DCI format 2_0.
· If the UL transmission is once scheduled to use 9us sensing and then indicated to be within gNB-initiated COT via DCI format 2_0, no sensing is applied to the UL transmission.


2.3. UE-initiated COT in IDLE/INACTIVE mode
In Rel.16 NR-U, only gNB can initiate COT (i.e., every COT starts from DL) for FBE operation and hence, UL transmission is not allowed at the beginning of FFP. To reduce the UL latency, UE-initiated COT has been decided to be specified in Rel.17. While FBE operation makes LBT simple, the main drawback of FBE is that when the initiating device fails to initiate COT at the beginning of an FFP due to LBT failure, no node can access the channel during the FFP. In addition, as shown in Fig. 1, when gNB configures CG-PUSCH (or SR/PRACH if applicable) transmission occasion at the beginning of FFP for UE to initiate COT for low latency purpose but actually CG-PUSCH is not transmitted at the occasion, e.g., because of no UL traffic, UE does not initiate COT at the FFP. From gNB perspective, gNB blind-decodes CG-PUSCH at the occasion because gNB doesn’t know whether or not CG-PUSCH is actually transmitted at the occasion, which means that gNB cannot initiate COT at the FFP. As the consequence, no node can access the channel during the FFP, which leads to significant system performance degradation.
To address the issue, it was agreed at RAN1#102e that the start of FFP for UE-initiated COT can be different from the start of FFP for gNB-initiated COT. As shown in Fig. 2, starting position of FFP for UE-initiated COT of UE2 is different from that of UE1 (and that of gNB) so that different UEs can successively try to acquire COT when prior UEs could/did not initiate COT. This can reduce the UL latency and is beneficial for CG-PUSCH and PUCCH. However, regarding PRACH, it was discussed in previous RAN1 meetings whether IDLE/INACTIVE mode UE can initiate COT but no consensus was reached. It is our understanding that the specification work in this WI should focus on URLLC perspective as stated in the WID, and PRACH should not be used to initiate COT in IDLE/INACTIVE mode as URLLC work has focused on CONNECTED mode only. Note that initial access is supported in Rel.16 for gNB-initiated COT and no enhancement is necessary.
Proposal 5:
· UE in IDLE/INACTIVE mode does not initiate COT, i.e., PRACH is not used to initiate COT in IDLE/INACTIVE mode.
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Figure 1.  Issue when CG-PUSCH transmission occasion is configured at the beginning of FFP
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Figure 2.  FFP for UE-initiated COT with different starting position from that of gNB-initiated COT


3. Harmonizing UL configured-grant enhancements in NR-U and URLLC
3.1. Harmonization of PUSCH repetition type B
Regarding the harmonization of PUSCH repetition type B in Rel-16 URLLC for unlicensed bands, following open issues should be resolved as stated in Section 1:
· Whether to support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation
· Whether PUSCH segmentation should take into account the idle period of an FFP
· Whether orphan symbol(s) are transmitted if they are between two actual repetitions that are transmitted

Regarding the 1st issue, as summarized in [4] as below, both Rel-16 URLLC/IIoT CG-PUSCH repetition type B and Rel-16 NR-U CG-PUSCH repetition has similar feature such as back-to-back transmission within a slot using proper configuration:
	The main features for CG PUSCH using PUSCH repetition Type B in Rel-16 NR URLLC/IIoT are as following:
· It supports back-to-back repetitions within and cross slot(s) and its total transmission occasions within a CG period is given by the repetition factor K from either numberOfRepetitions or repK; 
· It supports the resource allocation for one nominal repetition cross the slot boundary; 
· One nominal repetition with length L>1 symbol can be segmented into multiple actual repetitions when it encounters invalid symbol(s) or slot boundary. 
· The actual repetition with 1-symbol transmission length should be dropped.
· Within a CG period, only one TB with certain HARQ ID is allowed and the HARQ ID is associated with the first transmission occasion and calculated based on the equation defined in TS 38.321. 
The main features for Rel-16 NR-U CG PUSCH repetitions are as following:
· Its total transmission occasions within a CG period are given by higher layer parameters of cg-nrofSlots and cg-nrofPUSCH-InSlot, where the cg-nrofSlots provides the number of consecutive slots allocated within a configured grant period and the cg-nrofPUSCH-InSlot provides the number of consecutive PUSCH allocations within a slot
· Various repetition types can be achieved by proper setting the values of the cg-nrofSlots and cg-nrofPUSCH-InSlot and SLIV for the first transmission occasion in a slot. 
· No support of the resource allocation for any repetition cross the slot boundary and no support of repetition segmentation due to invalid symbol(s)
· Within a CG period, transmission of multiple different TBs is supported. The HARQ ID for each TB is indicated by the CG-UCI transmitted together with the corresponding CG-PUSCH.




Since it was agreed to support PUSCH repetition Type B for unlicensed band operation when using NR URLLC/IIoT Rel-16 based CG, it is enough to configure either URLLC based CG or NR-U based CG repetition, and hence, no enhancement is necessary for this feature.
Proposal 6:
· Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.

Regarding the 2nd issue, since the duration of idle period may range from 100us to 500us, which may correspond to several symbols, PUSCH repetition may overlap with the idle period where any UL transmission is not allowed. Therefore, the idle period should be taken into account for the PUSCH segmentation if the idle period corresponds to the COT initiator (either g-FFP or u-FFP). 
Proposal 7:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, the idle period of the corresponding COT (either g-FFP or u-FFP) should be taken into account for the PUSCH segmentation.

Regarding the 3rd point, the orphan symbol (i.e., actual repetition with 1-symbol transmission length) is dropped in Rel-16 PUSCH repetition Type B due to large DMRS overhead. However, for unlicensed band operation, the gap between two actual repetitions (with more than 1-symbol transmission length) leads to the need to perform additional LBT and increases the probability of LBT failure. To avoid this, the simplest way is to allow the transmission of the orphan symbol if it is between two actual repetitions that are transmitted. However, for DFT-s-OFDM, FDM of PUSCH and DMRS is not allowed and hence, the transmission of orphan symbol is allowed only for OFDM.
Proposal 8:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, orphan symbol is transmitted if it is between two actual repetitions that are transmitted for OFDM waveform.
· For DFT-s-OFDM waveform, Rel-16 rule (i.e., dropping the orphan symbol) is applied.


4. Conclusion
In this contribution, we discussed the uplink enhancements for URLLC in unlicensed controlled environments. Based on the discussion, we made following proposals.
Proposal 1:
· Support the channel access fields in Rel-16 DCI 0_1 and 1_1 to be included in Rel-17 DCI 0_2 and 1_2, respectively.
· The channel access fields in Rel-17 DCI 0_2 and 1_2 can be present or absent by configuration
Proposal 2:
· In semi-static channel access mode when a UE can operate as initiating device, channel access field is used to determine whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT
· If channel access field is absent, determination based on the rules applied for configured UL transmissions is applied
Proposal 3:
· Semi-static control of UE-initiated COT, such as disabling UE-initiated COT by RRC for (a part of) UL transmissions or limiting COT duration, is not supported.
Proposal 4:
· In semi-static channel access mode when a UE can operate as an initiating device, for a UL transmission, the UE can be dynamically indicated to change its assumption on the associated COT initiator for the UL transmission via DCI format 2_0.
· If the UL transmission is once scheduled to use 9us sensing and then indicated to be within gNB-initiated COT via DCI format 2_0, no sensing is applied to the UL transmission.
Proposal 5:
· UE in IDLE/INACTIVE mode does not initiate COT, i.e., PRACH is not used to initiate COT in IDLE/INACTIVE mode.
Proposal 6:
· Do not support PUSCH repetition Type B based on NR-U Rel-16 CG for unlicensed band operation.
Proposal 7:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, the idle period of the corresponding COT (either g-FFP or u-FFP) should be taken into account for the PUSCH segmentation.
Proposal 8:
· For PUSCH repetition Type B enhancements on unlicensed spectrum, orphan symbol is transmitted if it is between two actual repetitions that are transmitted for OFDM waveform.
· For DFT-s-OFDM waveform, Rel-16 rule (i.e., dropping the orphan symbol) is applied.
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