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1 Introduction
The contribution is a revision of R1-1910157.
Regarding the fields in CG-UCI, RAN1 has made below agreements so far.

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

In RAN1#98bis meeting, regarding the configured grant enhancement for NR-U, the related agreements are listed below:

Agreement:
The starting time offset applied by a UE at the beginning of a transmitted burst with a CG resource at the start of the transmission burst, is RRC configured and defined as the length of a CP extension of the first symbol that is located before the configured resource 

· Regardless of SCS, the CP extension is up to 72 micro seconds with a granularity of 9 micro seconds

Agreement:
CG-UCI is mapped as per Rel-15 rules with CG-UCI having the highest priority (CG-UCI is mapped on the symbols starting after first DMRS symbol)

Agreement:
To determine the number of REs used for CG-UCI, the mechanism of beta-offset in Rel-15 NR for HARQ-ACK on CG-PUSCH is reused.

· A new RRC parameter to configure the beta-offset for CG-UCI is defined. FFS: Value range

Agreement: 

CG-UCI is included in every CG-PUSCH transmission (confirms working assumption from RAN1#98)

Agreement:
· CG-UCI, CSI-part1, CSI-part 2 can be sent on CG-PUSCH at least when CG-UCI and HARQ-ACK feedback is not multiplexed on a CG-PUSCH

However, regarding CBG-based retransmission, CG-DFI design and CG-UCI design, there are still several open issues. In this contribution, we further discuss HARQ-ACK enhancement issues and present our views. 
2 Discussion
2.1 CBG-based retransmission
Concept of CBG (code block group)-based retransmission is introduced in NR Rel-15 for PDSCH and PUSCH transmission. The intention of CBG is to group several code blocks into one code block group and the resulting HARQ-ACK feedback is generated per CBG. Only all the code blocks within one CBG are correctly decoded the HARQ-ACK for the CBG can be set to “ACK”; otherwise, it is set to “NACK”. Upon the reception of the HARQ-ACK feedback, only the CBG(s) indicated with “NACK” shall be retransmitted by the transmitter. For uplink, for an initial transmission of a TB as indicated by the NDI field of the scheduling DCI, the UE may expect that the CBGTI field indicates all the CBGs of the TB are to be transmitted, and the UE shall include all the code block groups of the TB. For a retransmission of a TB as indicated by the NDI field of the scheduling DCI, the UE shall include only the CBGs indicated by the CBGTI field of the scheduling DCI. With CBG-based retransmission, the retransmission efficiency can be increased since only failed CBG is to be retransmitted. 

In unlicensed spectrum, due to burst interference and hidden node interference, CBG-based retransmission is still useful to improve retransmission efficiency. For NR-U, RAN1 has already agreed that CBG-based retransmission is supported for retransmission of a configured grant PUSCH, at least when an UL grant is used to schedule dedicated resource for the PUSCH retransmission. Based on this agreement, if CBG-based retransmission is only supported by using dedicated resource allocated by an UL grant, gNB needs to transmit a UL grant to dynamically schedule retransmission of each HARQ process as long as there is one CBG of the HARQ process not correctly decoded by the gNB. In this way, gNB generally has to perform LBT Cat.4 to obtain the transmission opportunity for the PDCCH and transmits the UL grant with CBGTI for CBG-based retransmission. This does contradict with the main intention of saving overhead for configured grant transmission. Moreover, CG-DFI is anyway required to indicate the HARQ-ACK feedback for each UL HARQ process including dynamical HARQ process and configured grant HARQ process. With extension of TB-level HARQ-ACK feedback to CBG-level HARQ-ACK feedback, CBG-based retransmission can be supported for configured grant PUSCH retransmission on configured grant resource. In this way, UL grant for scheduling CBG-based retransmission of a configured grant PUSCH is not needed. Based on CBG-level HARQ-ACK feedback in the CG-DFI, UE shall transmit the failed CBG(s) on the configured grant PUSCH resource. Therefore, it is beneficial to support CBG-based retransmission on a configured grant resource.
Proposal 1: CBG-based retransmission on configured resource is supported. 
To further avoid the misunderstanding between gNB and UE on the (re)transmitted CBGs of one TB, CBGTI is included in CG-UCI to indicate gNB which CBG(s) is (re)transmitted in associated configured grant PUSCH. NDI in CG-UCI is non-toggled if the configured grant PUSCH is for retransmission of a TB. NDI is toggled if the configured grant PUSCH is for initial transmission of a TB. For initial transmission of a TB, the CBGTI in CG-UCI should be set to all “1” indicating all the CBGs of the TB are transmitted. This mechanism is equal to CBGTI in UL grant indicating the CBG(s) is to be (re)transmitted on scheduled PUSCH.
Proposal 2: CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.
To enable CBG based retransmissions in configured grant, RRC signaling is used to configure the maximum number of CBGs per TB. The maximum number of CBGs per TB can be set to 2, 4, 6 or 8. The HARQ-ACK codebook in the configured grant DFI needs to support CBG-level HARQ-ACK feedback information. However, mapping CBG-level HARQ-ACK bits for all the UL HARQ processes leads to huge HARQ-ACK codebook size. E.g., when the maximum number of CBGs per TB is configured to 8 and there are 16 HARQ processes configured, the HARQ-ACK codebook size in CG-DFI is equal to 16*8=128. With the inclusion of other necessary information bits in the DFI, e.g., CIF (0 or 3 bits), AUL DFI flag (1bit, ‘1’ to differentiate from DCI for AUL activation/deactivation), TPC for PUSCH (2 bits), and TPMI (3 or 6 bits, only present for AUL TM2), the total payload size of configured grant DFI may be up to 140. Even if the maximum number of CBGs per TB is configured to 4, the HARQ-ACK codebook size in CG-DFI is equal to 16*4=64. If a new DCI format will be introduced for configured grant DFI, it causes inevitably higher UE blind detection effort. A reasonable way is to design the configured grant DFI with same size to one of existing UL grant formats so that UE can avoid extra blind decoding complexity. In Rel-15 NR, two UL grant formats are defined, DCI format 0_0 and format 0_1. Due to small size of fallback DCI, it makes sense to design the CG-DFI aligned with payload size of DCI format 0_1. 

Proposal 3: CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.

Furthermore, based on the learning of LTE Rel-15 FeLAA, in addition to the TB-level HARQ-ACK feedback for all UL HARQ processes in the configured grant DFI, other necessary information bits may also be included, e.g., CIF, CG-DFI flag, TPC for PUSCH, etc. It is clear that those fields can’t occupy the full payload of the CG-DFI since the CG-DFI has same payload size with DCI format 0_1. Hence, the unused bits in the CG-DFI can be used for CBG-level HARQ-ACK feedback transmission. However, the CG-DFI can’t have large enough payload to accommodate CBG-level HARQ feedback for all the UL HARQ processes. As a result, only a few HARQ processes can be acknowledged with CBG-level HARQ-ACK feedback in CG-DFI. For example, TB-level HARQ-ACK feedback is included in CG-DFI for all the UL HARQ processes and CBG-level HARQ-ACK feedback is included just for the first several UL HARQ processes with “NACK” indicated in the TB-level HARQ-ACK feedback. Padding bits may be appended in CG-DFI so as to match the payload size of DCI format 0_1.
Proposal 4: For HARQ-ACK codebook in CG-DFI, TB-level HARQ-ACK feedback is included in CG-DFI for all the UL HARQ processes and CBG-level HARQ-ACK feedback is included just for the first several UL HARQ processes with “NACK” indicated in the TB-level HARQ-ACK feedback. 
2.2 CG-UCI content
So far, RAN1 has already agreed the CG-UCI includes at least below fields: HARQ process ID, NDI, RV, COT sharing indicator, the duration shared for DL transmission. Additionally,  considering PDSCH transmission may be scheduled in the shared UE-initiated COT, indication of UL CAPC value which was used by UE to initiate the COT is necessary to be included in the CG-UCI. When the COT sharing indicator indicates DL transmission is allowed in the UE-initiated COT, based on the indication of UL CAPC value, gNB can decide whether a DL TB is allowed to be transmitted in the UE-initiated COT or not just based on comparison between the UL CAPC value and the DL CAPC value of the DL TB. If the DL CAPC value is not larger than the UL CAPC value, then the PDSCH carrying the DL TB is allowed to be transmitted in the UE-initiated COT; otherwise, the DL TB can’t be transmitted in the UE-initiated COT. Regarding the signaling indicating the duration shared for DL transmission, a simple way is to share one or more contiguous full slots for DL transmission. So SLIV based solution can be used to indicate the index of the first shared slot and the number of total shared slots, where the index of the first shared slot refers to the first slot of the UE-initiated COT. 

Meanwhile, both UE-ID and CRC field are also required in the CG-UCI for reliability purpose. 
Proposal 5: For UE-initiated COT sharing for DL transmission, UL CAPC value is included in the CG-UCI. 
Proposal 6: In UE-initiated COT, one or more contiguous full slots are shared for DL transmission and SLIV-based indication in unit of full slot is used to indicate the shared slots. 

Proposal 7: UE-ID and CRC are included in the CG-UCI. 
2.3 Power Headroom Reporting
RAN1 has received an LS from RAN2 [7] highlighting an issue that occurs for PHR in the context of configured grant transmissions. First, we give an understanding of our view on the scenario where the issue occurs.

The problem is particularly present in an uplink carrier aggregation scenario where the PCell is configured for using supplementary UL, i.e. where the UE is configured with two UL carriers for the PCell and different PHR Types for these, and with at least one additional SCell. According to the Rel-15 agreed behaviour, for the PCell then the UE reports Type 1 or Type 3 PH depending on whether they are based on an actual or reference transmission:  
TS 38.213, clause 7.7:

	If a UE 
-
is configured with two UL carriers for a serving cell, and 

-
determines a Type 1 power headroom report and a Type 3 power headroom report for the serving cell 

the UE

-
provides the Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on respective actual transmissions or on respective reference transmissions

-
provides the power headroom report that is based on a respective actual transmission if either the Type 1 report or the Type 3 report is based on a respective reference transmission


When a UE is transmitting a PHR MAC CE on configured grant resources on e.g. the unlicensed SCell, the gNB will not be able to tell whether a Type 1 or Type 3 PHR has been determined, because the PHR may have been originally generated at a time instant that was eventually unavailable for transmission due to LBT failure. 

Observation 1: Due to LBT failures, the gNB may not be aware of the first transmission attempt of a TB including a PHR, particularly with respect to the PHR type that is included when the report was generated.

Such lack of knowledge has implications and may lead to inefficient/inaccurate UL scheduling decisions by the gNB. If the gNB cannot be sufficiently sure whether Type 1 or Type 3 PHR is generated and included in a TB, the purpose of the PHR is defeated.

Observation 2: In order to determine the correct PHR type of a reported PH value, the current behaviour is insufficient.
Different solutions which are discussed in the following can be considered in order to address the identified problem. 

· Option 1: 

· UE includes an indication whether the TB was transmitted at the first transmission occasion (successful LBT) or at a later transmission occasion (optionally the offset to the first transmission occasion could be included). 

· Option 2: 

· UE includes an indication in the PHR MAC CE whether a Type 1 or Type 3 PHR is included. 

· Option 3: 

· UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH. 

In Option 1 the timing information signaled together with the PUSCH (carrying the PHR MAC CE) allows the scheduler to interpret a received PHR MAC CE correctly and hence to base its future scheduling/link adaption on correct information. The timing information itself can be e.g. signaled within the UCI on PUSCH. UCI may for example carry HARQ process ID, NDI, RVID. Obviously, this consumes additional CG-UCI resources.

In Option 2 including a PHR Type Indicator in the MAC CE obviously implies the introduction of a new MAC CE Format, which in our view is not justified considering the specification overhead against the severity of the issue. In addition, this option requires agreements by RAN2, and the fact that RAN2 has liased this problem to RAN1 seems to imply that RAN2 is not in favour of such a solution.

In Option 3, the gNB doesn’t need to be aware of the time when PHR was computed, since a predefined fixed PHR type is always reported in the applicable case. The benefit of this option would be that no additional signaling such as UCI is required, it doesn't require any modification to the PHR MAC CE format, and only affects the problematic scenario. Even though this implies a potentially less optimal PHR type in those cases, we prefer Option 3 since in our view the benefits of this option outweighs the potential drawback of reporting a non-optimal PHR type.
A corresponding draft text for 38.213 follows, where we assume that providing the Type 1 PHR is agreeable in RAN1.
	If a UE 
-
is configured with two UL carriers for a serving cell, and 

-
determines a Type 1 power headroom report and a Type 3 power headroom report for the serving cell 

the UE

-
provides the [Type 1] power headroom report if the power headroom report is to be transmitted on a CG resource configured for an unlicensed serving cell; otherwise
-
provides the Type 1 power headroom report if both the Type 1 and Type 3 power headroom reports are based on respective actual transmissions or on respective reference transmissions

-
provides the power headroom report that is based on a respective actual transmission if either the Type 1 report or the Type 3 report is based on a respective reference transmission


Proposal 8: UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH on an unlicensed serving cell. 

3 Conclusion

In this contribution, we focus on the HARQ-ACK transmission issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: CBG-based retransmission on configured resource is supported. 
Proposal 2: CBGTI indicating the (re)transmitted CBGs of one TB is included in associated CG-UCI.

Proposal 3: CG-DFI has same size with DCI format 0_1 to reduce UE effort on PDCCH blind detection.

Proposal 4: For HARQ-ACK codebook in CG-DFI, TB-level HARQ-ACK feedback is included in CG-DFI for all the UL HARQ processes and CBG-level HARQ-ACK feedback is included just for the first several UL HARQ processes with “NACK” indicated in the TB-level HARQ-ACK feedback. 
Proposal 5: For UE-initiated COT sharing for DL transmission, UL CAPC value is included in the CG-UCI. 
Proposal 6: In UE-initiated COT, one or more contiguous full slots are shared for DL transmission and SLIV-based indication in unit of full slot is used to indicate the shared slots. 

Proposal 7: UE-ID and CRC are included in the CG-UCI. 

Proposal 8: UE always reports a predefined PHR type, e.g. type-1 PHR, for a serving cell configured with two carriers for cases when the PHR MAC CE is transmitted on a configured grant PUSCH on an unlicensed serving cell. 
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