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Introduction
In RAN1 #104b and 105 e-meeting, some agreements were achieved. In this contribution, we show our views on the enhancements on Rel-17 unlicensed band URLLC/IIoT.
Discussion
Harmonizing configured grant 
· PUSCH resource allocation enhancement
In 104b e-meeting, there were 3 agreements on PUSCH resource allocation enhancement in unlicensed band [1]:
Agreement:
· Select one of the following options (aiming for RAN1#105-e):
· Option 1: Do not support PUSCH repetition Type Bwhen using based on NR-U Rel-16 based CG for unlicensed band operation.
· Option 2: Support enhancements of PUSCH repetition Type B when using based on NR-U Rel-16based 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

In R16 NR-U, Continuous transmission through multiple configured grant is introduced to ensure continuous transmission but it is not always feasible. According to current spec, TB in different configured grant except for auto-retransmission case should be different. However, multiple TBs are not always offloaded from MAC in succession. In some cases, only one TB is offloaded, and then later configured grant is idle and resource allocation interrupts. So to support continuous transmission more flexible, Type B PUSCH repetition scheme in NR configured grant can be considered in unlicensed band.
Proposal 1: Harmonization for NR-U PUSCH repetition and Type-B repetition, e.g. NR-U PUSCH repetition crossing slot boundary, or PUSCH repetition Type B should be considered in unlicensed band to ensure continuous transmission.
For R16 PUSCH repetition Type B, orphan symbol is not transmitted. If it is applied in unlicensed band directly, it leads interruption between two actual transmission and requires more LBTs. To support actual transmission after orphan symbol directly, some information, e.g. information transmitted in adjacent repetition, can fill in orphan symbols. To be specific, there are two options:
· Option 1: Repeat one symbol in adjacent repetition.
As shown in Figure 1, in orphan symbol, last symbol in adjacent repetition is repeated, and then received power for last symbol in adjacent repetition can be doubled and reliability can be improved.
· Option 2: Extend adjacent repetition range to include orphan symbol.
As shown in Figure 1, adjacent repetition within one slot is extended to include orphan symbol, then effective code rate of adjacent repetition decreases and reliability can be improved.
Option 2 is a bit more effective than option 1 but it may lead configured grant DMRS misalignment among UEs sharing the same physical resource, which is not avoided. So, Option 2 is preferred.


Figure 1 Enhancement on transmission in orphan symbol
Proposal 2: Information transmitted in adjacent repetition can fill in orphan symbols to avoid interrupt.
· cg-RetransmissionTimer Configuration 
According the agreement last meeting, At least for FBE, configuration of (cg-RetransmissionTimer) should not be mandated when configured grant Type 1 or Type 2 are configured on unlicensed spectrum. And cg-RetransmissionTimer is a configured grant specific parameter and can be configured for each configured grant independently. For multiple configured grant cases, parts of configured grants can be configured with cg-RetransmissionTimer and parts of configured grants cannot be configured with cg-RetransmissionTimer.
Proposal 3:  cg-RetransmissionTimer can be configured for each configured grant independently.
Channel access related aspects
In RAN#105e meeting the following agreements were drawn [2]. 
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.

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

For configured UL, the difference between Alt-a and Alt-b is that for Alt-b the UE initiates a COT is a default behavior. In this case, the network needs to stop the current transmission and leave enough room for the UE to perform LBT. When the network wants retake the COT, it has to wait until the next FFP boundary. If the network does not want to give up the current COT, it has to either continue transmission, resulting in UE LBT failure, or send a SFI in advance to cancel the configured UL. In either case, the UE will have to lose the transmission opportunity. In this sense, it seems that Alt-b results in either UE transmitting in its own COT or non-transmission. This might not be an efficient way. On the other hand, Alt-a allows the UE to check if the gNB COT is still ongoing, if so, the UE can benefit from this COT and conducts the transmission in this COT. But if the gNB COT is not present, the UE can initiates its own COT. Obviously, Alt-a provides more flexibility, i.e. UE may transmit the UL either in gNB COT or in UE COT. 
Proposal 4: For configured UL, support Alt-a.  
For scheduled UL, Alt-a clearly covers Alt-b, and it can be up to network implementation to decide whether DCI content-based indication is used or pre-defined rule is used. For this reason, it is quite obvious that Alt-a should be supported. 
Proposal 5: For scheduled UL, support Alt-a. 
Conclusions
In this contribution, we show our views on the enhancements on unlicensed band URLLC/IIoT with following proposals:
Proposal 1: Harmonization for NR-U PUSCH repetition and Type-B repetition, e.g. NR-U PUSCH repetition crossing slot boundary, or PUSCH repetition Type B should be considered in unlicensed band to ensure continuous transmission.
Proposal 2: Information transmitted in adjacent repetition can fill in orphan symbols to avoid interrupt.
Proposal 3:  cg-RetransmissionTimer can be configured for each configured grant independently.
Proposal 4: For configured UL, support Alt-a.  
Proposal 5: For scheduled UL, support Alt-a. 
References
[1] RAN1#104b-e chairman notes
[2] RAN1#105-e chairman notes

image1.emf
PUSCH repetition 1 PUSCH repetition 3 PUSCH repetition 4

Slot boundary

PUSCH repetition 1

Symbol

5

PUSCH repetition 3 PUSCH repetition 4

Symbol 

4

Symbol 

3

Symbol 

2

Symbol

1

X

Symbol

4

Symbol 

4

Symbol 

3

Symbol 

2

Symbol

1

Slot boundary

PUSCH repetition 1 PUSCH repetition 3 PUSCH repetition 4

Symbol 

4

Symbol 

3

Symbol 

2

Symbol

1

Slot boundary

Existing 

solution

Option 1

Option 2

Repetition

Extention


Microsoft_Visio_Drawing.vsdx
PUSCH repetition 1
PUSCH repetition 3
PUSCH repetition 4
Slot boundary
PUSCH repetition 1
Symbol5
PUSCH repetition 3
PUSCH repetition 4
Symbol 4
Symbol 3
Symbol 2
Symbol1
X
Symbol4
Symbol 4
Symbol 3
Symbol 2
Symbol1
Slot boundary
PUSCH repetition 1
PUSCH repetition 3
PUSCH repetition 4
Symbol 4
Symbol 3
Symbol 2
Symbol1
Slot boundary
Existing solution
Option 1
Option 2
Repetition

Extention



