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Introduction
In RAN 1 105-e meeting, RAN1 made the following agreements for UE-initiated FBE and harmonizing CG-PUSCH in URLLC and NR-U [1]. 
	Agreement: 
· Option 1 is taken in the following agreement:
Down-select one of the following options (target RAN1#104-e):
· Option 1: Both “CG-UCI based procedures” and “CG-DFI based procedures” are enabled or disabled for unlicensed using one RRC parameter i.e. cg-RetransmissionTimer-r16.
· Option 2-a: “CG-UCI based procedures” and “CG-DFI based procedures” are independently enabled or disabled for unlicensed using respective RRC parameter, i.e. new parameter X and cg-RetransmissionTimer-r16, respectively.
· If cg-RetransmissionTimer-r16 is configured, “CG-UCI based procedures” should also be enabled by X.
· Note: Procedures based on CG-UCI rely on UE including CG-UCI in CG PUSCH at least as in Rel-16 where the values of the respective fields of CG-UCI are decided by UE.
· Note: Procedures based on CG-DFI rely on automatic re-transmission on CG configuration and reception of CG downlink feedback information (DFI) in DCI for re-transmissions

· Alt-a is taken in the following agreement:
In semi-static channel access mode when a UE can operate as UE-initiated COT,
· Select one of the following alternatives to determine whether a configured UL transmission that is aligned with a UE FFP boundary and ends before the idle period of that UE FFP, is based on UE-initiated COT or sharing a gNB-initiated COT:
· Alt-a: If the transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT
· Alt-b: The UE assumes that the configured UL transmission corresponds to UE-initiated COT..

· Alt-a is taken in the following agreement:
In semi-static channel access mode when a UE can operate as initiating device,
· 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
Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance 


In this contribution, the remaining issues for UE-initiated FBE and how to harmonize UL configured-grant in NR-U and URLLC are discussed. 
Discussion
UE-initiated COT for FBE
Issue 1: UE-initiated COT for idle UE 
RAN1 agreed to support UE-initiated COT for RRC connected UE, while it is FFS whether support UE-initiated COT for RRC idle/inactive UE. Considering enabling UE-initiated COT for idle UE can facilitate RACH procedure with comparable latency as over licensed band, it is beneficial to support UE-initiated COT also for RRC idle/inactive UE. gNB can configure cell-specific UE COT information by SIB1, or UE can derive the UE COT configuration according the PRACH configuration. 
Proposal 1: Support UE-initiated COT for idle UE. UE FFP parameters can be indicated by SIB1 or derived by PRACH configuration. 

Issue 2: COT-initiator determination
In last meeting, RAN1 agreed how a UE determines to transmit based on UE-initiated COT or sharing a gNB-initiated COT, for a configured UL transmission and scheduled UL transmission, when a UE can operate as UE-initiated COT. 
For configured UL transmission, if a UL transmission is aligned with a UE FFP boundary and ends before idle period of that UE FFP, and the UL transmission is confined within a gNB FFP before the idle period of that gNB FFP, and the UE has already determined that gNB is initiated that gNB FFP, UE assumes that the configured UL transmission corresponds to gNB-initiated COT. Otherwise, UE assumes that the configured UL transmission corresponds to UE-initiated COT. In previous meeting, there was some discussion on how to understand ‘otherwise’, but no clear conclusion was made due to limited time. In our understanding, ‘otherwise’ includes (a) the case that a UL transmission overlapped with the idle period of that gNB FFP, and (b) the case that a UL transmission ends before the idle period of that gNB FFP but UE has not determined the gNB has initiated that gNB FFP. In both cases, UE assumes the UL transmission can initiate UE COT. 
For scheduled UL transmission, the determination of whether a scheduled UL transmission is based on UE-initiated COT or sharing a gNB-initiated COT is based on the content in the scheduling DCI. Rel-16 NR-U already supports LBT type and CP extension indication by DCI (both fallback and non-fallback DCI) for FBE case. Apparently, the same mechanism will be reused for Rel-17 FBE case for DCI 0_0/1_0/0_1/1_1 to indicate LBT type and CP extension. It is simple to use state ‘3’ to indicate 9us LBT right before the UL transmission, and the UL transmission is based on UE-initiated COT, otherwise, the UL transmission is sharing gNB-initiated COT, if states ‘0’, ‘1’ or ‘2’ is indicated. 
 Table 1 Channel access type, CP extension and COT initiation indication 
	Bit field mapped to index
	Channel Access Type 
	The CP extension T_"ext"  index defined in Clause 5.3.1 of [4, TS 38.211]

	0
	No sensing as defined in Clause 4.3 in TS 37.213
	0

	1
	No sensing as defined in Clause 4.3 in TS 37.213
	2

	2
	9us sensing within a 25us interval as defined in Clause 4.3 in TS 37.213
	0

	3
	9us sensing right before UL transmission
	0



For DCI 0_2/1_2, companies have different views on whether the LBT and CP extension bit field which also indicates UE-initiated COT can be absent by configuration. On one hand, it seems reasonable to let this bit field size configurable for compact DCI 0_2/1_2 for URLL, e.g. 0, 1 or 2 bits. But it requires quite large standard effort, including default behavior for both channel access procedure and COT initiation for 0 bit and 1 bit case (for 1 bit case, it may require even more complicated behavior for different combination of indicated and default behavior for channel access procedure and COT initiation). On the other hand, fixed 2 bits in DCI 0_2/1_2 simplifies UE behavior, i.e. a UE just follows gNB indication in the table above. Such simple and unified UE behavior for all DCI formats is aligned with the aim for minimum specification impact as captured in Rel-17 URLLC WID.  Considering the typical scenario for URLLC over unlicensed band is a small cell, PDCCH coverage degradation caused by these 2 bits is marginal. Therefore, it is reasonable to always enable this bit field with 2 bits in DCI 0_2 and 1_2. 
Proposal 2: For a scheduled UL transmission, a UE determines whether the UL transmission should be transmitted based on UE-initiated COT or sharing gNB-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI
· If ChannelAccess-CPext indicates ‘3’, the UE initiates COT after 9us LBT right before the UL transmission, otherwise, the UE uses gNB-initiated COT without LBT or 9us LBT within 25us as indicated by gNB. 
·  ChannelAccess-CPext is always present in all DCI formats including DCI format 0_2/1_2. 

Another FFS point is, whether and how to handle cross-FFP scheduling. RAN1 already agreed cross-FFP scheduling is allowed, but the transmission can occur only if the corresponding channel access requirements are met. In other words, whether to transmit should depend on whether the corresponding COT initiator has initiated the COT. 
	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.


In Rel-16 NR-U, only gNB can initiate the COT. UE checks whether gNB has initiated the COT before UL transmission. If yes, then, UE can transmit the UL after performing LBT as indicated by DCI. If no, then, UE drops the UL transmission. In Rel-17, similar as Rel-16 behavior, UE has to check whether the corresponding COT (can be gNB-COT or UE-COT) has been initiated, at least before UL transmission not aligned with UE FFP boundary. If yes, then, UE can transmit the UL after performing LBT as indicated by DCI. If no, then, UE drops the UL transmission. For UL transmission aligned with UE FFP boundary, to ensure the channel access requirements are met, gNB can always indicate UE to initiate COT to avoid any additional COT detection by UE. It can be seen that, whether to initiate UE COT (as well as LBT type and CP extension) is based on DCI indication, regardless of intra or cross-FFP scheduling. 
Observation 1: For cross-FFP UL transmission that is aligned with UE FFP, gNB can always indicate UE to initiate COT to ensure channel access condition is met. 
Observation 2: For cross-FFP UL transmission that is not aligned with UE FFP, UE has to perform COT detection to determine whether channel access condition is met. If the condition is not met, UE has to drop the scheduled UL transmission. 
Observation 3: Whether to initiate UE COT is based on the scheduling DCI indication, regardless of intra or cross-FFP scheduling. 
As discussed above, for several cases, whether and how a UE performs UL transmission depends on gNB’s COT detection. In Rel-16, it is simple for UE to determine the presence of COT by detecting any DL transmission within a gNB’s FFP (not necessarily at the beginning of gNB’s FFP), because the only role of gNB is an initiator. However, in Rel-17, gNB can be an initiator or responder, simple DL transmission detection cannot differentiate whether the DL transmission is sent based on gNB-initiated COT or sharing another UE-initiated COT.  
The straightforward way is an explicit indication for gNB-initiated COT, e.g. indication in DCI 2_0. If a gNB does not configure the explicit indication, an implicit indication mechanism is needed, e.g. the UE assumes the gNB has initiated a COT if the UE detects pre-defined DL transmission at the beginning of gNB FFP. The design should strive to achieve similar detection performance and scheduling flexibility as Rel-16 NR-U. 
Proposal 3: For gNB-initiated COT detection, the following mechanism can be considered: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 

Harmonizing CG PUSCH in NR-U and URLLC
The remaining issue for harmonizing CG PUSCH in NR-U and URLLC is how to support PUSCH repetition Type B over unlicensed band. The following agreements were made in previous RAN1 meetings. 
	Agreement:
· PUSCH repetition Type B is supported for unlicensed band operation when using NR IIoT Rel-16 based CG
· FFS whether/how to enhance
Agreement:
· Select one of the following options :
· 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
· 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


For Rel-16 URLLC PUSCH repetition Type B on unlicensed band, the impact of FBE frame structure and LBT operation should be considered. 
In case of FBE, a UE is not allowed to transmit during its idle period if the UE has initiated the COT. For PUSCH repetition Type B, there can be several ways to ensure no transmission during the idle period, including (1) drop the nominal repetition overlapped with idle period, (2) split a nominal PUSCH around the idle period, i.e. a nominal PUSCH is split into two actual repetitions around the symbol containing the idle period, as shown in Figure 1.  Considering (2) achieves better transmission efficiency and is more aligned with PUSCH repetition Type B design principle, (2) should be supported. 


Figure 1 PUSCH repetition Type B around UE idle period 
For LBT impact, both how to ensure sufficient gap for LBT and how/whether avoid unnecessary gap for LBT should be considered.  In case a UE splits one nominal repetition into two actual repetitions around the invalid symbol, the UE has to perform LBT before each actual repetition. However, URLLC PUSCH repetition Type B design does not provide sufficient gap between the invalid symbol and next actual repetition for LBT for some cases. For example, the actual repetition starts right after the end of SS/PBCH or Type-0 PDCCH CSS symbols (maybe in semi-static flexible symbols) as shown in Figure 2a. Then, LBT before 2nd actual repetition is blocked by Type-0 CSS, thus 2nd actual repetition is dropped. If there is additional gap after Type-0 CSS, as shown in Figure 1b, UE can transmit 2nd actual repetition after the successful LBT. 


Figure 2a                                                                                 Figure 2b
For Rel-16 URLLC PUSCH repetition Type B, unless 1-symbol nominal repetition indicated/configured by gNB, orphan symbol is skipped. In case of transmission on unlicensed band, the orphan symbol creates gap between two repetitions, which requires unnecessary LBT.  For interference well-controlled environment, the probability of LBT failure is extremely low so that the impact caused by orphan symbol is negligible. Therefore, no enhancement for orphan symbol is needed. 
Proposal 4: For PUSCH repetition Type B over unlicensed band, to cope with FBE frame structure and LBT operation:
· Support segmentation around idle period.  
· Support additional gaps to avoid LBT blocking from DL signals/channels. 
· No enhancement for orphan symbol. 
In previous meetings, RAN1 had some discussion on whether/how to support Rel-16 URLLC PUSCH repetition Type B based on NR-U Rel-16 CG. NR-U Rel-16 CG supports two main features as below: 
· Multi-slot CG PUSCH resource allocation by cg-nrofSlots-r16 slot & cg-nrofPUSCH-InSlot-r16. 
NR-U repetition supports repetition in any consecutive transmission occasions within cg-nrofSlots-r16 slots, wherein the transmission occasions can be consecutive or inconsecutive in time domain depending on CG PUSCH resource configuration, e.g. cg-nrofPUSCH-InSlot-r16. Slot-level repetition can be achieved by configuring cg-nrofPUSCH-InSlot-r16=1. NR-U repetition also supports repetitions within a slot or across the slot by configuring cg-nrofPUSCH-InSlot-r16>1, but a single transmission occasion cannot cross the slot and the repetition (nominal) is dropped if it collides with invalid symbols. 
· Multi-TB transmission within a period 
UE can transmit more than one TB with repetitions within a period. For each TB, UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration. HARQ-ID for each repetition and each TB is indicated by CG-UCI. 
On one hand, NR-U mechanism may reduce latency and ensure reliability if there is no invalid symbol, because there are multiple occasions (can be larger than repetition factor) that can support full repetition transmission even when UL traffic arrives later than the start of 1st CG PUSCH transmission occasion. On the other hand, if there is invalid symbol, URLLC PUSCH repetition Type B may be more reliable, because PUSCH repetition Type B does not drop the whole nominal repetition so that the total effective code rate within a given duration may be lower than NR-U, even if some of the nominal repetitions are dropped due to late arrival of UL traffic. 
To take advantage of PUSCH repetition Type B and multiple transmission opportunity of NR-U repetition, the combination of multiple slots and PUSCH repetition Type B within the multiple slots can be supported. For example, a set of back-to-back nominal transmission occasions are determined by SLIV and cg-nrofSlots-r16, and UE can repeat the TB in the K earliest consecutive nominal transmission occasions. HARQ process ID is still determined by 1st CG PUSCH occasion, if CG-UCI is not enabled. If CG-UCI is enabled, UE selects HARQ process ID and reports to gNB by CG-UCI. Then, multi-TB transmission within a period can be supported. 
Proposal 5: Support PUSCH repetition Type B combined with NR-U multi-slot allocation. Multi-TB transmission with PUSCH repetition Type B within a period can be supported, if CG-UCI is enabled. 
Conclusion
Based on the discussion above, the following observations and proposals are proposed. 
Observation 1: For cross-FFP UL transmission that is aligned with UE FFP, gNB can always indicate UE to initiate COT to ensure channel access condition is met. 
Observation 2: For cross-FFP UL transmission that is not aligned with UE FFP, UE has to perform COT detection to determine whether channel access condition is met. If the condition is not met, UE has to drop the scheduled UL transmission. 
Observation 3: Whether to initiate UE COT is based on the scheduling DCI indication, regardless of intra or cross-FFP scheduling. 
Proposal 1: Support UE-initiated COT for idle UE. UE FFP parameters can be indicated by SIB1 or derived by PRACH configuration. 
Proposal 2: For a scheduled UL transmission, a UE determines whether the UL transmission should be transmitted based on UE-initiated COT or sharing gNB-initiated COT according to LBT indication by existing bit field ChannelAccess-CPext in the scheduling DCI
· If ChannelAccess-CPext indicates ‘3’, the UE initiates COT after 9us LBT right before the UL transmission, otherwise, the UE uses gNB-initiated COT without LBT or 9us LBT within 25us as indicated by gNB. 
·  ChannelAccess-CPext is always present in all DCI formats including DCI format 0_2/1_2.  
Proposal 3: For gNB-initiated COT detection, the following mechanism can be considered: 
· A UE assumes gNB has initiated a COT if the UE receives explicit indication in DCI 2_0. 
· A UE assumes gNB has initiated a COT if the UE detects DL transmission at the beginning of gNB FFP. 
Proposal 4: For PUSCH repetition Type B over unlicensed band, to cope with FBE frame structure and LBT operation:
· Support segmentation around idle period.  
· Support additional gaps to avoid LBT blocking from DL signals/channels or LBT blocking between UEs. 
· No enhancement for orphan symbol. 
[bookmark: _GoBack]Proposal 5: Support PUSCH repetition Type B combined with NR-U multi-slot allocation. Multi-TB transmission with PUSCH repetition Type B within a period can be supported, if CG-UCI is enabled. 
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2

image2.emf
L

B

T

Nominal 

repetition

L

B

T

UE

L

B

T

gNB

Type-0

CSS

Nominal 

repetition

Nominal 

repetition

Nominal 

repetition

1

st

 actual 2

nd

 actual 3

rd

 actual 4

th

 actual

L

B

T

Nominal 

repetition

L

B

T

UE

gNB

Type 0 

CSS

Nominal 

repetition

Nominal 

repetition

Nominal 

repetition

1

st

 actual 2

nd

 actual 3

rd

 actual 4

th

 actual


Microsoft_Visio_Drawing1.vsdx




LBT

Nominal repetition
LBT
UE
LBT
gNB
Type-0
CSS
Nominal repetition
Nominal repetition
Nominal repetition
1st actual
2nd actual
3rd actual
4th actual




LBT

Nominal repetition
LBT
UE
gNB
Type 0 CSS
Nominal repetition
Nominal repetition
Nominal repetition
1st actual
2nd actual
3rd actual
4th actual



image1.emf
Nominal 

repetition

UE

L

B

T

Nominal 

repetition

Nominal 

repetition

Nominal 

repetition

1st actual 2nd actual

3

rd

 

actual

5

th

 actual

FFP1

FFP2

4

th

 

actual

L

B

T

1

st

 actual


Microsoft_Visio_Drawing.vsdx



Nominal repetition
UE
LBT
Nominal repetition
Nominal repetition
Nominal repetition
1st actual
2nd actual
3rd 
actual
5th actual
FFP1
FFP2

4th actual
LBT

1st actual



