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1 Introduction 
In 3GPP TSG RAN Meeting #82, a new WID on NR-based access to Unlicensed Spectrum (RP-182878) [1] was approved. As part of the objectives of the work item, the following physical layer aspects related to the design of configured grant operation were suggested to be specified as per the outcome of the study item (TR38.889) [2]:
	Physical layer procedure(s) including [RAN1, RAN2]:
- Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)



In the context of enhancements for support of the configured grant operation for NR in the unlicensed spectrum, and the agreements made along this WI [3-9], a few issues will be discussed related to the following topics:
a. CG-PUSCH to DFI Timing in case of Slot Aggregation or CG Repetitions
b. UE’s Handling of Repetitions in Case of LBT Failure  
c. UE-ID 
2 		Grant-free UL Transmission via ‘configured grant’ Mechanism
2.1 CG-PUSCH to DFI Timing in case of Slot Aggregation or CG Repetitions 
In previous RAN1 #99 meeting [9], the following agreement was made regarding the minimum timing between a CG-PUSCH and the DFI carrying its related HARQ-ACK information:  
	Agreement:
Definition of the minimum duration, D, in the case of slot aggregation/CG repetition
· For the case of CG repetitions, the minimum duration D is calculated from the ending symbol of each PUSCH of the K repetitions to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID 
· For the case of slot aggregation for scheduled UL transmission, the minimum duration, D, refers to the time between ending symbol of the PUSCH in the first slot of aggregated slots to the starting symbol of the DFI carrying HARQ-ACK for the associated HARQ process ID
· For ACK, the minimum duration, D, from the ending symbol of the first PUSCH of the TB repetitions to the starting symbol of the DFI
· For NACK, the minimum duration, D, from the ending symbol of the last available PUSCH of the TB repetitions to the starting symbol of the DFI


In TS 38.213 Sec. 10.3, the following text was included to capture the agreement above:
	For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission or, if the PUSCH transmission is over multiple slots,
-	after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is ACK.
-	after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is NACK.


However, from the current text it is not clear the meaning of the two bullets, which specify the behaviour when a DFI is indeed received, but the gNB was not provided enough time to process all slots. In this case, some rules were enforced on when an ACK or a NACK should be considered valid. In order to address this concern, the following text should be implemented in TS 38.213 Sec. 10.3: 
	*** Unchanged text is omitted ***
For a PUSCH transmission scheduled by a DCI format, HARQ-ACK information for a transport block of a corresponding HARQ process number is valid if a first symbol of the PDCCH reception is after a last symbol of the PUSCH transmission  or, if the PUSCH transmission is over multiple slots then:,
-	only after a last symbol of the PUSCH transmission in a first slot from the multiple slots by a number of symbols provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is indicates ACK, this is considered valid.
-	only after a last symbol of the PUSCH transmission in a last slot from the multiple slots by a number of symbols provided by cg-minDFIDelay-r16, if a value of the HARQ-ACK information is indicates NACK, this is considered valid.
*** Unchanged text is omitted ***


2.2 UE’s Handling of Repetitions in Case of LBT Failure  
In previous RAN1 #99 meeting [9], the following agreement was made in regard to the case when a CG UE is configured with repK>1:  
	Agreement:
When the UE is configured with repK > 1, repetition of a TB is mapped within a configuration in the case when an UE is configured with multiple active configurations
· The UE repeats the TB in the earliest consecutive transmission occasion candidates within the same configuration instead of consecutive slots
· The UE may drop repetition transmissions that fall into a subsequent configured period.
· The UE terminates the repetitions if an explicit feedback indicating ACK in the DFI is received for the HARQ process.



However, RAN1 has not yet agreed on how the UE should handle the configured repetitions in the case when given a CG configuration with multiple consecutive transmission occasion candidates, one or more of them cannot be used due to LBT failure. 
As an example, let’s consider the case when 8 consecutive PUSCHs are configured by a CG configuration and repK=4. By using Rel.15 mapping, the repetitions should be mapped as illustrated in Fig. 1. However, if the LBT fails for the first two PUSCH occasions, it is unclear on whether the UE will flash-out from its buffer the PUSCH repetition configured to be transmitted on the PUSCH occasion for which the LBT has failed (option 1), or it will postpone that transmission to the first available PUSCH occasion, and eventually transmit the last two PUSCH repetitions in later resources within the same CG configuration (option 2).
[image: ]
Fig. 1 – Illustration on two possible options on UE’s handling of repetitions in case of LBT failure.
While the merit of option 1 is to have a exemplified implementation, where there is no need for the UE to keep memory of PUSCH repetitions which were not possible to be transmitted within the same contiguous CG resources over which the burst was initiated, by postponing the transmission of the first repetition to the first available PUSCH occasion, it is given to the UE the flexibility to perform them at a later occasion or even on the same contiguous CG resources if those were overprovisioned and some are available within the same COT.
Proposal 1: A UE configured with repK>1 postpones the transmission of the first repetition to the first available PUSCH occasion for which LBT has succeeded. It is up to the UE on whether to transmit the last PUSCHs that do not fit within the consecutive CG resources over which the transmission burst was initiated in later resources within the same CG configuration.  
Given the proposal above, the following text should be captured in TS 38.214 Sec 6.1.2.3.1:
	*** Unchanged text is omitted ***
6.1.2.3.1	Transport Block repetition for uplink transmissions with a configured grant
The higher layer configured parameters repK and repK-RV define the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. If the parameter repK-RV is not provided in the configuredGrantConfig, the redundancy version for uplink transmissions with a configured grant shall be set to 0. Otherwise, for the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. The initial transmission of a transport block may start at 
-	the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
-	any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
-	any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8. 
For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or from the starting symbol of the repetition that overlaps with a PUSCH with the same HARQ process scheduled by DCI format 0_0 or 0_1, whichever is reached first. The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. If the UE determines that, for a transmission occasion, the number of symbols available for the PUSCH transmission in a slot is smaller than transmission duration L, the UE does not transmit the PUSCH in the transmission occasion.
[bookmark: _Hlk512975987][bookmark: _Hlk31662804]For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1, the UE shall repeat the TB across the repK consecutive slots applying the same symbol allocation in each slot, except if the UE is provided with higher layer parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16, in which case the UE repeats the TB in the repK earliest consecutive transmission occasion candidates within the same configuration. For operation with shared spectrum channel access, where the UE is provided with higher layer parameters cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16  and repK>1, the UE shall perform the transmission of the first repetition in the earliest transmission occasion for which the related channel procedure described in 37.213 is successful. A Type 1 or Type 2 PUSCH transmission with a configured grant in a slot is omitted according to the conditions in Subclause 11.1 of [6, TS38.213]. 
*** Unchanged text is omitted ***



2.3 UE-ID 
During previous RAN1 meeting, it was agreed that the CG-UCI contains information regarding the HARQ process ID chosen by the CG UE, the RV used, the NDI, and the COT information for the gNB to utilize the unused resources in the CG UE’s COT:
	Agreement:
CG-UCI should at least include the following information:
· HARQ ID
· NDI
· RV
· COT sharing information, FFS details
· FFS: other information including UE ID




If Rel.15 behaviour is used, and the UE-ID information is encoded within the DMRS, rather than being explicitly provided in the CG-UCI, then the reliability of decoding this information is greatly harmed once the number of UEs which are supported is larger than the maximum number of orthogonal DMRS sequences that can be supported. Given that this is very limitative, RAN1 should consider also more likely deployment of more than 8/12 users. In this case, it should be given the choice to the network based on the specific deployment to configure a CG-UE on whether to provide the UE-ID information based on Rel.15 behaviour, or include the UE-ID explicitly within the CG-UCI.
Proposal 2: The UE-ID is explicitly indicated within the CG-UCI upon RRC configuration.
Given the proposal above, the following text should be captured in TS 38.212 Sec 6.3.2.1.3:
	*** Unchanged text is omitted ***
6.3.2.1.3	CG-UCI
For CG-UCI bits transmitted on a CG PUSCH, the CG-UCI bit sequence  is determined as follows:
-	set   for  and , where the CG-UCI bit sequence  is given by Table 6.3.2.1.3-1, mapped in the order from upper part to lower part.
Table 6.3.2.1.3-1: Mapping order of CG-UCI fields
	Field
	Bitwidth

	HARQ process number
	4

	Redundancy version
	2

	New data indicator
	1

	Channel Occupancy Time (COT) sharing information
	 if both higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 and higher layer parameter cg-COT-SharingList-r16 are configured, where C is the number of combinations configured in cg-COT-SharingList-r16; 

1 if higher layer parameter ULtoDL-CO-SharingED-Threshold-r16 is not configured and higher layer parameter cg-COT-SharingOffset-r16 is configured;

0 otherwise;

	UE-ID
	16, if higher layer parameter cg-UEID-presence-r16 is enabled
0, otherwise.  


*** Unchanged text is omitted ***



3 Conclusions
In this contribution, we discussed several remaining issues to support configured grant mechanism operating on unlicensed spectrum, and we derived the following proposals:
Proposal 1: A UE configured with repK>1 postpones the transmission of the first repetition to the first available PUSCH occasion for which LBT has succeeded. It is up to the UE on whether to transmit the last PUSCHs that do not fit within the consecutive CG resources over which the transmission burst was initiated in later resources within the same CG configuration.  
Proposal 2: The UE-ID is explicitly indicated within the CG-UCI upon RRC configuration.
References
[1] RP-182878, “New WID on NR-based Access to Unlicensed Spectrum”, Qualcomm Inc, 3GPP TSG RAN Meeting #82, Dec. 2018.
[2] 3GPP TR 38.889, “Study on NR-based Access to Unlicensed Spectrum (Rel-16),” V 16.0.0, Nov. 2018.
[3] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #AH 1901, January 2019.
[4] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #96, February 2019.
[5] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #96b, April 2019.
[6] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #97, May 2019.
[7] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #98, August 2019.
[8] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #98bis, October 2019.
[9] RAN1 Chairman’s note, 3GPP TSG RAN WG1 Meeting #99, November 2019.



2/14
image1.png
oz XX ——— D




