3GPP TSG RAN WG1 #106-e		R1-2106803
e-Meeting, August 16th – 27th, 2021

Agenda Item: 	8.3.2
Source: 	Sony 
Title: 	Considerations on unlicensed URLLC
Document for: 	Discussion / decision
1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#104bis-e and RAN1#105e, we made the following agreements:

Agreements:
· Support explicit RRC configuration for the UE-FFP parameters including period and offset in RRC connected mode.

Agreements:
· For semi-static channel access mode, the offset value for configuration of a UE-FFP for a serving cell has a symbol level granularity.

Agreement:
· For semi-static channel access mode, in addition to the agreed set of period values for configuration of a UE-FFP for a serving cell:
· Do not support any additional period value

Agreement:
· For semi-static channel access mode, the starting point of first UE FFP for a serving cell
· is relative to the boundary of the radio frame of even index number (i.e. X=even indexed number in RAN1#104-e agreement).

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 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
 
Agreement: 
· Option 1 is taken in the following agreement:
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:
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:
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

This contribution discusses some considerations on unlicensed URLLC.
[bookmark: _Hlk68192600]
2. UE Initiated COT

2.1 COT Initiator – Scheduled Uplink Transmission
It was agreed that in semi-static channel access mode, the gNB indicates in the scheduling DCI whether a scheduled UL transmission starting at the UE’s FFP is based on UE-initiated COT or gNB-initiated COT.  There was an open issue whether this indicator can be absent or not in the scheduling DCI.  If this indicator is absent, then additional rules need to be defined for the UE to determine the COT initiator of the transmission which leads to extra and unnecessary specification impact.  Hence to avoid unnecessary specification impact, we prefer that this indicator cannot be absent when the UE is configured to initiate its own COT.
Observation 1: If the COT initiator indicator for scheduled UL transmission that starts at the UE’s FFP can be absent in the scheduling DCI, then additional rules need to be defined which leads to extra specification impact.
Proposal 1: The COT initiator indicator in a DCI scheduling UL transmission to start at the UE’s FFP cannot be absent if UE initiated COT is configured for a UE.

Since the gNB can schedule an UL transmission in a future gNB’s FFP, if the scheduled UL transmission starts at the UE’s FFP and the gNB indicates that the gNB is the COT initiator, there may be ambiguity at the UE since the gNB cannot guarantee that it can acquire a COT in the future gNB’s FFP.  To avoid such ambiguity, one way is for the gNB to transmit some sort of “COT Confirmation”, that the gNB managed to acquire the COT in the future gNB’s FFP.  An example is shown in Figure 1, where the gNB initiates a COT at time t1 in a gNB’s 1st FFP and transmits an UL Grant (UG1) scheduling PUSCH#1 in a gNB’s 2nd FFP (i.e. a future gNB’s FFP) where the UL transmission, PUSCH#1 starts at time t8 which is the beginning of the UE’s FFP.  In the UL Grant the gNB indicates that PUSCH#1 is transmitted according to gNB’s COT, i.e. gNB is the COT initiator.  The gNB would attempt to acquire a COT for its 2nd FFP between time t4 and t5 and in this example the gNB successfully acquires the COT at time t5 and here it transmits a “COT Confirmation”.  The UE detecting the “COT Confirmation” would be aware that the gNB had acquired the COT successfully and would proceed to transmit PUSCH#1 according to the gNB’s COT as indicated in the UL Grant UG1.  The “COT Confirmation” can reuse the indicator “co-DurationsPerCellToAddModList” in DCI Format 2_0 or any GC-DCI that the gNB had configured the UE to monitor at the start of gNB’s FFP.  If the UE fails to detect any “COT confirmation” the UE can either drop the UL transmission or transmit according to the UE’s COT.  
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[bookmark: _Ref78813712]Figure 1: gNB confirming that it has acquired a COT

Proposal 2: If the gNB transmits a DCI to schedule an UL transmission in a gNB’s FFP that is different to the gNB’s FFP where the DCI is transmitted, and the DCI indicates that the gNB is the COT initiator for that UL transmission, then the UE monitors for a “COT Confirmation”, at the start of that gNB’s FFP, to determine how to transmit that UL transmission, i.e.:
· If UE detects the “COT Confirmation” the UE transmits the UL transmission according to gNB’s COT as indicated in the DCI.
· If the UE fails to detect the “COT Confirmation”, the UE would either transmit the UL transmission according to UE’s COT or drop the UL transmission

Proposal 3: The “COT Confirmation” can reuse the “co-DurationsPerCellToAddModList” in DCI Format 2_0 or any GC-DCI that the gNB had configured the UE to monitor at the start of gNB’s FFP.

A UE failing to detect a “COT Confirmation” may be due to the gNB failing to acquire the COT or the gNB acquired the COT but the UE could not detect or decode the “COT Confirmation”, which still causes ambiguity at the UE side.  However, this ambiguity is only an issue if the UL transmission overlaps the UE’s FFP Idle Period since the UE is only allowed to transmit over its own Idle Period if the UL transmission is according to gNB’s COT.  Hence for the case where the UE fails to detect a “COT Confirmation”, the UE can determine whether to transmit or drop the UL transmission depending on whether the UL transmission overlaps with the UE’s FFP Idle Period.  That is, if the UL transmission does not overlap the UE’s FFP Idle Period then the UE transmit the UL transmission according to the UE’s COT otherwise the UE drops the UL transmission.  An example is shown in Figure 2, where the gNB acquires a COT at time t1 in a gNB’s 1st FFP and transmits a DL Grant (DG1) scheduling a PDSCH#1 with the corresponding HARQ-ACK scheduled in PUCCH#1 to start in the gNB’s 2nd FFP at time t11.  The UE fails to detect the “COT Confirmation” between time t8 and t9, and since PUCCH#1 overlaps with the UE’s FFP Idle Period between time t12 and t13, the UE drops PUCCH#1 since there may be ambiguity whether the gNB has acquired the COT in the gNB’s 2nd FFP.
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[bookmark: _Ref78893042]Figure 2: UE drops an UL transmission if it overlaps UE's FFP Idle Period

Observation 2: Ambiguity on whether a UL transmission, scheduled in a gNB’s FFP that is different to the gNB’s FFP where the scheduling DCI is transmitted, should be according to gNB’s COT or UE’s COT would be an issue if the UL transmission overlaps a UE’s FFP Idle Period.
Proposal 4: If the UE fails to detect a “COT Confirmation” for a scheduled UL transmission indicated by the scheduling DCI to be transmitted according to gNB’s COT:
· The UE transmits the UL transmission if the UL transmission does not overlap the UE’s FFP Idle Period
· The UE drops the UL transmission if the UL transmission overlaps the UE’s FFP Idle Period


2.2 COT Cancellation
It was agreed that a gNB sharing a UE initiated COT is not allowed to schedule another UE as per regulations.  However, it may be beneficial for a gNB under a UE initiated COT to be able to schedule another UE for URLLC traffic, i.e. that has very low latency.  One way to do this is to allow the gNB to dynamically cancel a UE initiated COT.  An example is shown in Figure 3, where the UE initiates a COT at time t2 and proceeds to transmit CG#1, which is a CG-PUSCH.  After the PUSCH transmission, the gNB needs to schedule a URLLC PDSCH to another UE and here it sends a cancellation to the UE that initiated the COT so that it can now schedule PDSCH#1 for another UE carrying URLLC traffic.  If the gNB cannot cancel the UE initiated COT, it has to wait till the start of the next gNB’s FFP i.e. at time t7 before it could schedule another UE.
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[bookmark: _Ref68195167]Figure 3: UE COT cancellation

Observation 3: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.

There are proposals to reuse the SFI GC-DCI to cancel a UE COT [1].  There are drawbacks in using this method:
· The SFI can only change Flexible Symbols and so those symbols that are already configured as semi-static UL symbols cannot be cancelled.
· The SFI would prevent other UEs from initiating a COT since it changes the entire OFDM symbol and therefore cannot target a specific UE
· If the SFI cancels a UE COT by turning the Flexible Symbols to DL symbols then the gNB cannot use these symbols to schedule another UE for uplink transmissions thereby reducing gNB scheduler flexibility
An easier approach is to transmit a single bit indicator to the UE that has initiated a COT.  The details of this COT cancellation indicator can be FFS.
Observation 4: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Proposal 5: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 

2.3 UE Initiated COT in Idle Mode
Whether to support UE initiated COT for semi-static channel access in Idle Mode was discussed in previous meetings.  If a UE cannot initiate a COT in Idle Mode, then the UE can only perform a PRACH as a responding device, that is, the gNB is required to transmit in an FFP, e.g. a SIB, in order for the UE to perform a PRACH.  This will introduce unnecessary overhead.  Furthermore, such transmissions may introduce interference and may also deprive a UE in Connected Mode of a chance to initiate a COT, e.g. if the UE is performing LBT whilst the gNB is transmitting the SIB.  Hence, it is beneficial that UE initiated COT for semi-static channel access is also supported in Idle Mode.  The UE FFP parameters in Idle Mode can be signaled in the SIB.
Observation 5: Without a UE-initiated COT, the gNB needs to transmit in an FFP so that Idle Mode UE can perform a PRACH.  Such transmissions may introduce interference and deprive UEs in Connected Mode from initiating a COT.
Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 7: The UE FFP configuration in Idle Mode is signaled in the SIB.

3. CG-PUSCH Repetitions
Some discussions were made in previous meetings whether to support Rel-16 PUSCH repetition Type B for unlicensed band.  The rationale for PUSCH repetition Type B in Rel-16 URLLC is to reduce latency so that PUSCH repetitions can be transmitted back-to-back.  Since the aim of this WI is to enable URLLC for unlicensed band, the same rationale can be applied here and hence we support PUSCH repetition Type B for unlicensed band.  
Proposal 8: Support Rel-16 PUSCH repetition Type B for CG-PUSCH in unlicensed band.

CG-PUSCH repetitions in Rel-16 NR-U are transmitted in Transmission Occasions (TO) that are determined by the parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16.  Since these parameters are RRC configured, the gNB can configure them such that the TO’s for the CG-PUSCH repetitions avoid crossing slot boundary and DL/invalid symbols, i.e. the gNB can configure the CG-PUSCH repetitions to avoid segmentation.  However, since the UE is not allowed to transmit in the Idle Period of the COT initiator, a CG-PUSCH repetition may overlap the COT initiator’s Idle Period.  It may be harder for the gNB to manage the CG-PUSCH’s TO’s to avoid overlapping with the Idle Period of the gNB’s FFP and the UE’s FFP as avoiding these Idle Periods may result in too restrictive TO’s.  Hence, a nominal CG-PUSCH repetition that overlaps with the Idle Period of the COT initiator needs to be segmented.
Observation 6: The gNB can avoid PUSCH segmentation for a CG-PUSCH repetition by proper configuration of the TO’s.
Proposal 9: A nominal PUSCH repetition that overlaps an Idle Period of the COT initiator is segmented.

PUSCH segmentation may cause an orphan symbol, i.e. an actual PUSCH repetition that is 1 OFDM symbol duration.  It was proposed that if an orphan symbol is between two actual PUSCH repetitions, that orphan symbol is transmitted otherwise it is dropped [2], to avoid LBT due to the absence of transmission during the orphan symbol.  Since the gNB can avoid PUSCH segmentation caused by crossing slot boundary and DL/invalid symbols, an orphan symbol would likely be due to PUSCH segmentation overlapping the Idle Period of the COT initiator.  The orphan symbol would therefore be either before the Idle Period or after the Idle Period, and so there will be discontinuity in transmission and the UE will have to perform LBT regardless if there is another PUSCH repetition after the Idle Period.  An example is shown in Figure 4, where the UE transmits 4 repetitions of CG-PUSCH according to the gNB’s COT, where these repetitions are labelled as CG#1, CG#2, CG#3 and CG#4.  CG#4 overlaps the Idle Period of the gNB’s FFP and since the transmission is according to gNB’s COT, CG#4 is segmented where the portion between time t6 and t7 is dropped and the remaining portion between time t5 and t6 results in an orphan symbol.  The orphan symbol in this example is just prior to the Idle Period of the COT initiator, i.e. the gNB.  It is therefore unlikely that an orphan symbol would be created between two actual PUSCH and hence it is sufficient to drop any orphan symbol as per Rel-16 URLLC.
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[bookmark: _Ref78906700]Figure 4: Orphan symbol prior to Idle Period due to CG-PUSCH segmentation

Observation 7: Since gNB can avoid PUSCH segmentation due to slot boundary crossing and collision with DL/invalid symbols, orphan symbols are likely caused by PUSCH segmentation due to a PUSCH repetition overlapping the Idle Period of the COT initiator.  Therefore, the orphan symbol would be before or after the Idle Period rather than between two actual PUSCH repetitions.
Proposal 10: Orphan symbols are dropped for PUSCH repetition Type B in unlicensed band operation.

4. Conclusion
In this contribution, we discuss some issues on unlicensed URLLC operations.  We observe the following: 
Observation 1: If the COT initiator indicator for scheduled UL transmission that starts at the UE’s FFP can be absent in the scheduling DCI, then additional rules need to be defined which leads to extra specification impact.
Observation 2: Ambiguity on whether a UL transmission, scheduled in a gNB’s FFP that is different to the gNB’s FFP where the scheduling DCI is transmitted, should be according to gNB’s COT or UE’s COT would be an issue if the UL transmission overlaps a UE’s FFP Idle Period.
Observation 3: It is beneficial for flexibility and latency purposes that the gNB is able to schedule another UE when transmitting under a UE initiated COT.
Observation 4: Using Dynamic SFI to cancel a UE COT has limited scope since only Flexible symbols can be changed, it prevents other UEs from initiating a COT and it reduces gNB scheduler flexibility.
Observation 5: Without a UE-initiated COT, the gNB needs to transmit in an FFP so that Idle Mode UE can perform a PRACH.  Such transmissions may introduce interference and deprive UEs in Connected Mode from initiating a COT.
Observation 6: The gNB can avoid PUSCH segmentation for a CG-PUSCH repetition by proper configuration of the TO’s.
Observation 7: Since gNB can avoid PUSCH segmentation due to slot boundary crossing and collision with DL/invalid symbols, orphan symbols are likely caused by PUSCH segmentation due to a PUSCH repetition overlapping the Idle Period of the COT initiator.  Therefore, the orphan symbol would be before or after the Idle Period rather than between two actual PUSCH repetitions.

We therefore propose the following:
Proposal 1: The COT initiator indicator in a DCI scheduling UL transmission to start at the UE’s FFP cannot be absent if UE initiated COT is configured for a UE.
Proposal 2: If the gNB transmits a DCI to schedule an UL transmission in a gNB’s FFP that is different to the gNB’s FFP where the DCI is transmitted, and the DCI indicates that the gNB is the COT initiator for that UL transmission, then the UE monitors for a “COT Confirmation”, at the start of that gNB’s FFP, to determine how to transmit that UL transmission, i.e.:
· If UE detects the “COT Confirmation” the UE transmits the UL transmission according to gNB’s COT as indicated in the DCI.
· If the UE fails to detect the “COT Confirmation”, the UE would either transmit the UL transmission according to UE’s COT or drop the UL transmission

Proposal 3: The “COT Confirmation” can reuse the “co-DurationsPerCellToAddModList” in DCI Format 2_0 or any GC-DCI that the gNB had configured the UE to monitor at the start of gNB’s FFP.
Proposal 4: If the UE fails to detect a “COT Confirmation” for a scheduled UL transmission indicated by the scheduling DCI to be transmitted according to gNB’s COT:
· The UE transmits the UL transmission if the UL transmission does not overlap the UE’s FFP Idle Period
· The UE drops the UL transmission if the UL transmission overlaps the UE’s FFP Idle Period

Proposal 5: Allow the gNB to cancel a UE initiated COT.  A COT cancellation indicator can be introduced to dynamically indicate to a UE to cancel its initiated COT. 
Proposal 6: UE initiated COT for semi-static channel access is supported in Idle Mode.
Proposal 7: The UE FFP configuration in Idle Mode is signaled in the SIB.
Proposal 8: Support Rel-16 PUSCH repetition Type B for CG-PUSCH in unlicensed band.
Proposal 9: A nominal PUSCH repetition that overlaps an Idle Period of the COT initiator is segmented.
Proposal 10: Orphan symbols are dropped for PUSCH repetition Type B in unlicensed band operation.
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