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1	Introduction
In this contribution, we provide our view on aspects related to configured UL grant for NR-U.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Toc4445310][bookmark: _Toc4446698]
2.1		Time domain resource configuration for configured grants
During RAN1#97 [1], the following agreement was made: 
Agreement: 
For configured grant time domain resource allocation, the mechanisms in Rel-15 (both Type 1 and Type 2) are extended so that the number of allocated slots following the time instance corresponding to the indicated offset can be configured  
· [bookmark: _GoBack]FFS: How to indicate multiple PUSCHs within a slot. 
For simplicity, the time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots. The same symbol allocation and mapping type is used across CG-slots. The gNB can avoid the gaps between CG resources by activating multiple non-overlapping configurations.
Alternatively, a more advanced option can be considered based on what has been agreed for Multi-PUSCH scheduling over multiple slots. The enhanced TDRA table indicates scheduling information for multiple PUSCH over multiple slots. It is straight forward to reuse the same TDRA table to indicate CG-resources over a number of allocated slots. This option has benefits as compared to what we discussed earlier. First, it can achieve the same thing with less activated configurations. Also, it does not require defining a new UE behaviour other than the one that will anyway be defined for the enhanced TDRA table.
Enhanced TDRA table that indicates time resources for multiple PUSCHs can be used to indicate CG-resources over a number of allocated slots.
2.2	CG with Repetition
In principle, Repetition of TB is not precluded in NR-U. In NR Rel-15, repetition of a TB is supported only across slots, and the same time-domain resource is used for K repetitions for a TB including the initial transmission. Additionally, repetition is only allowed within the same period of UL transmission with configured grant and should not cross to the next transmission period. NR-U can consider relaxing those requirements, since the RV is indicated in every CG-PUSCH. This means there is no ambiguity at the gNB side about neither the HARQ process nor the repetition index. However, to keep thing simple, there should be a limit on the time interval in which the UE can continue to attempt to send repetitions of the same TB.  
Nonetheless, if repetition is configured, the UE shall repeat the transmitted PUSCH according to the configured maximum number of repetition and following the RV sequence configured by UE-specific RRC signaling.
In RAN2, it has been agreed to rely on the ConfiguredGrantTimer to limit the maximum autonomously UE triggered retransmission attempts for a TB with a configured grant.  This agreement is also applicable to repletion. In this case, the UE would start the ConfiguredGrantTimer when the initial transmission is performed, the UE then stops the repetitions when the timer is expired.
[bookmark: _Toc24027514]For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1, the UE repeats the TB across the repK consecutive transmissions corresponding to the same configuration 
a. [bookmark: _Toc24027515]the initial transmission of a transport block may start at any occasion in the CG-PUSCH window, followed by K repetitions according to the configured RV sequence.
b. [bookmark: _Toc24027516]For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or when a UL grant for scheduling the same TB is received within the period P, or when an explicit ACK for the same TB is received via DFI, or the configuredGrantTimer for the same TB is expired whichever is reached first.

2.3		CBG-Based Retransmissions
The following agreement was made in RAN1#96 regarding retransmissions in the case that PUSCH is configured with multiple CBGs:
Agreement:
For PUSCH transmitted using CG, CBG-based retransmission is supported at least by using dedicated scheduled resource allocated by an UL grant.
· FFS: CBG-based retransmission using a configured grant
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements
CBG-based transmission enables individual ACK/NACK for each CBG and the UE retransmits only the failed CBGs. This can reduce unnecessary retransmissions of part of a TB. This agreements states that the individual CBGs are retransmitted using a dynamically scheduled grant. CBG-based retransmissions on UL CG resources is FFS.
We observed that if CBG-based retransmissions are allowed on UL CG resources, several problems arise. Firstly, the UCI on top of indicating RV, NDI, and HARQ ID, would also need to include a indicates the transmitted CBG(s) in every PUSCH. Secondly, the length of the DFI would increase significantly in order to provide HARQ feedback per CBG instead of just per TB. Lastly, if only a subset of CBGs are retransmitted, some UL CG resources would be wasted. Similar to multiple starting positions, CBG is a non-essential feature, since the main operation region of CG transmission is low load where interference and congestion are not severe.
Based on this we propose the following:
[bookmark: _Toc4445313][bookmark: _Toc4446701][bookmark: _Toc15636948][bookmark: _Toc24027517]If CBG is enabled for UL transmissions with configured grant (CG), support CBG-based retransmissions using ONLY dedicated scheduled UL resources. CBG-based retransmissions are not supported on an UL CG resources.
2.4	UCI Mapping and Content
The following agreements about the UCI content has been made until now: 
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 

Agreement:
When a UE initiates a channel occupancy with a transmission using a configured grant, it can signal at least the following
· The duration that the gNB is allowed to transmit in the channel occupancy initiated by the UE
· FFS: 
· How the duration is signalled
· Whether the UE should signal continued use of the COT for its own transmissions
· LBT priority class
One of the FFS points is signaling the LBT priority class in UCI. In our view this is needed since it informs the gNB what priority class value was used to acquire the channel. Hence, if the gNB shares the COT with the UE, it will know that it can transmit DL data only with equal or higher priority class values.
[bookmark: _Toc4446703][bookmark: _Toc15636951][bookmark: _Toc24027520]Support UCI for UL configured grant that includes the LBT priority class value used by the UE to access the channel.
[bookmark: _Toc24027521]the duration of the COT is preferably indicated on a slot level to save overhead. If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured, The COT sharing indication is indicated as follows: 
c. [bookmark: _Toc24027522]The remaining DL duration is indicated in unit of slots. Used UL duration + indicated DL slots do not exceed MCOT. 
d. [bookmark: _Toc24027523]COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the gNB as part of RRC configuration. 

[bookmark: _Toc24027524]If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, The COT sharing indication is indicated as follows: 
e. [bookmark: _Toc24027525]COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the eNB as part of RRC configuration. 

The ending symbol for the last CG-PUSCH before the switch is configured by the gNB. This way there is no need to indicate the ending symbol to the gNB in UCI. Also, the gap between UL and DL in the UE shared COT is under gNB control. Based on this gap, the gNB can derive if CAT1 or CAT2 is to be used. 
Additionally, to increase the robustness of UCI specially in case of intra-cell collisions and to identify the UE at the eNB, UCI may include UE ID and CRC scrambled by specific RNTI.
[bookmark: _Toc15636952][bookmark: _Toc24027526] CG-UCI should include CRC and UE ID. 
As for the PUSCH starting position, it was agreed that multiple starting positions based on UE autonomously puncturing some symbols at the beginning of the PUSCH is not supported. Also, as explained in section 2.6, the LBT offset should be based on extending the first PUSCH symbol instead of puncturing it. If so, from gNB perspective, there is no ambiguity about the PUSCH starting symbol. The UE always follows the SLIV indicated by the gNB. There is no need to indicate PUSCH starting symbol in UCI. There is also no strong motivation to support partial ending symbol other than that configured by SLIV or preconfigured by gNB in case of COT sharing as described in the previous section. 
[bookmark: _Toc15636953][bookmark: _Toc24027527]PUSCH starting/ending symbol is not indicated in UCI.
[bookmark: _Toc4445318]The gNB does not know when the UE will transmit on the configured UL resources. The processing burden on the gNB to detect the UL configured transmission should not be increased. In NR, the DMRS and UCI is mapped as early in the PUSCH as possible to give more processing time for the gNB to demod/decode the configured UL transmission. The same principle should be kept in NR-U. 
[bookmark: _Toc24027528]For Configured UL operation, the UL DMRS mapping patterns for both Type A and B mapping are the same as in Rel-15 NR. 

· To simplify the spec changes, the CG-UCI should be considered part of HARQ-ACK UCI. In the case of PUCCH carrying ACK bits overlapping with CG-PUSCH(s), CG-UCI and HARQ-ACK bits are jointly encoded on first PUSCH transmission

[bookmark: _Toc24027529][bookmark: _Toc15636954]In the case of PUCCH carrying ACK bits overlapping with CG-PUSCH(s), CG-UCI and HARQ-ACK bits are jointly encoded on the first PUSCH transmission

2.5	RV selection 
In LTE LAA, the initial transmission of a HARQ process associated with AUL transmission uses the RV = 0, while it is left to the UE implementation to selects the RV for autonomous retransmissions on a configured uplink grant. Such rules are simple.  However, they may not be able to achieve best performance for autonomous uplink transmissions especially in case the gNB completely misses an initial transmission of a TB from the UE. If the gNB only receives retransmissions from the UE and the retransmissions are based on RV values which are not self-decodable, the decoding probability is not maximized. 
In another scenario, where the gNB receives the initial transmission from the UE, but cannot decode the TB, while the UE misses the HARQ feedback from the gNB, it is better if the UE did not choose RV = 0, but rather an RV, which will provide additional parity bits in addition to RV = 0.
[bookmark: _Toc16701623][bookmark: _Toc16667870][bookmark: _Toc16667883][bookmark: _Toc16667968][bookmark: _Toc16701624][bookmark: _Toc16720331][bookmark: _Toc16789840][bookmark: _Toc16789843][bookmark: _Toc16789846][bookmark: _Toc16789849][bookmark: _Toc16803589][bookmark: _Toc20486599][bookmark: _Toc20745342][bookmark: _Toc20823952][bookmark: _Toc20989225][bookmark: _Toc21011420][bookmark: _Toc21035046][bookmark: _Toc23840814][bookmark: _Toc23977411][bookmark: _Toc23977503][bookmark: _Toc23977583][bookmark: _Toc23977637][bookmark: _Toc23977862][bookmark: _Toc24018833][bookmark: _Toc24019394]It is beneficial to enhance the RV selection for a UE that triggers autonomous retransmissions. 
Repetition of a TB using a configured grant is supported in NR Rel-15, and the same resource configuration is used for K repetitions for a TB including the initial transmission. The higher layer configured parameters repK and repK-RV on CGs and they define the K repetitions to be applied to the transmitted transport block, and the redundancy version pattern to be applied to the repetitions. 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.
Same as for repetition in NR Rel-15, the gNB shall be able to configure the redundancy version pattern for configured uplink transmissions. 
[bookmark: _Toc23840829][bookmark: _Toc23977424][bookmark: _Toc23977504][bookmark: _Toc23977584][bookmark: _Toc23977638][bookmark: _Toc23977863][bookmark: _Toc24018834][bookmark: _Toc24019395][bookmark: _Toc24027531]Same as for repetition in NR Rel-15, the gNB configures the redundancy version pattern for configured uplink transmissions.
A new parameter “aul-RV” can be defined in the ConfiguredGrantConfig accordingly.
[bookmark: _Toc23840830][bookmark: _Toc23977425][bookmark: _Toc23977505][bookmark: _Toc23977585][bookmark: _Toc23977639][bookmark: _Toc23977864][bookmark: _Toc24018835][bookmark: _Toc24019396][bookmark: _Toc24027532]A new parameter “aul-RV” can be defined in the ConfiguredGrantConfig for configuring RV pattern for configured uplink transmissions.
Same as RV selection for repetitions in NR Rel-15, for the nth autonomous transmission occasion, n=1, 2, …,  it is associated with (mod(n-1,4)+1)th value in the configured RV sequence. It is worth noting that n only counts the actual transmission occasions which have passed the LBT operation. There is no point for the UE to change the RV value for every transmission attempt which is blocked by the LBT failure. 
[bookmark: _Toc23977426][bookmark: _Toc23977506][bookmark: _Toc23977586][bookmark: _Toc23977640][bookmark: _Toc23977865][bookmark: _Toc24018836][bookmark: _Toc24019397][bookmark: _Toc24027533]For the nth autonomous transmission occasion, n=1, 2, …, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence for configured transmission, wherein n only counts the actual transmission occasions which have passed the LBT operation.

2.6	DFI design
Until now, the following DFI related agreements were made: 
Agreement:
· For DFI design for configured grants, support at least the following
· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 
· Note: Total number of HARQ processes is as defined in Rel-15
· FFS: CBG level HARQ-ACK feedback, if supported
· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH
· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 
· FFS: the definition of minimum duration for the case of slot aggregation
· UE blind decoding complexity shall not be increased due to DFI size

Some Companies have been proposing that DFI should be group common instead of UE specific. The argument is that this would save on DCI/LBT overhead. In our view, the DFI should be aligned with the shortest DCI possible to avoid as much of the zero padding. For instance, the length of DCI 0_0 fits up to 42 information bits. So, in best cases, it will not be possible to include HARQ feedback for more than 2 UEs in one common DFI. Even if DCI 1_0 is considered, the situation is not much different. Given that, we do not think the benefits of supporting group common DFI is worth the complications that it will add to the specification. 

[bookmark: _Toc24027534]DFI is scrambled with CS-RNTI.
[bookmark: _Toc24027535]The size of DFI is aligned with the size of DCI 0_0.

2.7	Indication of MCS for Configured Grant PUSCH Transmissions
In NR Rel-15, the MCS to be used for CG PUSCH transmissions is provided to the UE through RRC configuration (Type1 CG) or via DCI during (re)-activation of the configured grant (Type2 CG). For the latter, the UE provides an acknowledgement to the gNB through an empty MAC-CE message that the (re-)activation was received. In this way, a robust method is ensured for avoiding a mismatch between the gNB and UE’s understanding of the granted MCS in the case that the DCI containing the (re-)activation of the CG happens to be lost.
During the NR-U WI, there have been proposals to change the NR Rel-15 mechanism such that the MCS can be changed and indicated to the UE on a faster basis by signaling the MCS in the same message carrying downlink feedback information (DFI), e.g., by DCI. A drawback of this approach is that it does not include the built-in robustness of the NR Rel-15 mechanism where the MCS is carried in the DCI (re-)activation message which is acknowledged by MAC-CE. In principle, one could consider introducing a new MAC-CE message to acknowledge that the DCI carrying DFI is received; however, this is not an efficient design as DFI signaling is quite frequent.
[bookmark: _Toc15636955][bookmark: _Toc24027536]No new mechanism for indicating CG PUSCH transmission MCS (e.g., by indication of MCS in the DCI carrying DFI) is introduced for Rel-15 NR-U.

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	If multiple configured grant configurations per BWP of a serving cell are configured with different periodicities, a UE may switch from the higher periodicity to the lower periodicity after channel access is obtained.
Based on the discussion in the previous sections we propose the following:
Proposal 1	All CG-PUSCH within a configuration are assigned the same number of resources (time and frequency).
Proposal 2	The time domain resource assignment in configured grant repeats over the multiple slots within the CG-allocated slots. The same symbol allocation and mapping type is used across CG-slots.
Proposal 3	For both Type 1 and Type 2 PUSCH transmissions with a configured grant, when the UE is configured with repK > 1, the UE repeats the TB across the repK consecutive transmissions corresponding to the same configuration applying the same symbol allocation in each slot.
a.	the initial transmission of a transport block may start at any occasion in the CG-PUSCH window, followed by K repetitions according to the configured RV sequence.
b.	For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or when a UL grant for scheduling the same TB is received within the period P, or when an explicit ACK for the same TB is received via DFI, or configured duration after the transmission of the first repetition, whichever is reached first.
Proposal 4	If CBG is enabled for UL transmissions with configured grant (CG), support CBG-based retransmissions using ONLY dedicated scheduled UL resources. CBG-based retransmissions are not supported on an UL CG resources.
Proposal 5	Support UCI for UL configured grant that includes the LBT priority class value used by the UE to access the channel.
Proposal 6	If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is configured, The COT sharing indication is indicated as follows:
a.	The remaining DL duration is indicated in unit of slots. Used UL duration + indicated DL slots do not exceed MCOT.
b.	COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the eNB as part of RRC configuration.
Proposal 7	If ED threshold that the UE applies when initiating a channel occupancy to be shared with the gNB is not configured, The COT sharing indication is indicated as follows:
	COT sharing indication: 1 bit indicating if slot n+X is an applicable slot for UL to DL sharing). X is configured by the eNB as part of RRC configuration. 
Proposal 8	CG-UCI should include CRC and UE ID.
Proposal 9	PUSCH starting/ending symbol is not indicated in UCI.
Proposal 10	For Configured UL operation, the UL DMRS mapping patterns for both Type A and B mapping are the same as in Rel-15 NR.
Proposal 11	In the case of PUCCH carrying ACK bits overlapping with CG-PUSCH(s), CG-UCI and HARQ-ACK bits are jointly encoded on first PUSCH transmission
Proposal 12	Same as for repetition in NR Rel-15, the gNB configures the redundancy version pattern for configured uplink transmissions.
Proposal 13	A new parameter “aul-RV” can be defined in the ConfiguredGrantConfig for configuring RV pattern for configured uplink transmissions.
Proposal 14	For the nth autonomous transmission occasion, n=1, 2, …, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence for configured transmission, wherein n only counts the actual transmission occasions which have passed the LBT operation.
Proposal 15	DFI is scrambled with CS-RNTI.
Proposal 16	The size of DFI is aligned with the size of  DCI 0_0.
Proposal 17	No new mechanism for indicating CG PUSCH transmission MCS (e.g., by indication of MCS in the DCI carrying DFI) is introduced for Rel-15 NR-U.
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