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Introduction
During the last RAN1 meetings, the following were agreed: 
	At the RAN1#98 meeting:
[bookmark: _GoBack]Agreement:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).
Working assumption:
CG-UCI is included in every CG-PUSCH transmission
At the RAN1# 96 meeting:
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
At the RAN1#AH1901 meeting:
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



In this contribution we present our views on the CG-UCI content as well as mapping CG-UCI in the configured grant PUSCH.
CG-UCI content and mapping
CG-UCI content:
Configured grant UCI (CG-UCI) was agreed to be supported to carry control information related to CG-PUSCH transmission. The content was discussed in the previous RAN1 meetings and the feature lead summary [3] captures different proposals. During the RAN1#AH1901 meeting, it was agreed that at least HARQ process ID, new data indicator, redundancy version and COT sharing information should be included in the CG-UCI. In our view, another parameter that should also be carried by CG-UCI is the channel access priority class (CAPC). In our companion contribution [2], we highlight the need of indicating the LBT priority class by the UE when it initiates a channel occupancy time and shares it with the gNB. Basically, the gNB needs to be aware of the LBT priority class used to access the channel so that it can use the channel to transmit traffic with similar or higher priority. There are two options for the gNB to determine the CAPC used by a UE. First option could be to determine the CAPC based on the received UL data. Meaning that the gNB needs to successfully decode the uplink transport block and extract the priority information from MAC CEs (e.g. from the logical channel ID). This option requires more processing time as the data needs to be decoded and processed. The processing time can be longer than the indicated possible starting transmission time by a UE within the shared COT. Furthermore, the gNB needs to correctly decode the TB to extract the priority class information. Second option is to include the CAPC in the CG-UCI. With this approach, determining the priority class is not subject to successfully decoding the TB and faster determination. The CG-UCI can for example carry 2 bits to indicate the priority class if four priority classes are supported. The priority class indication can be part of the COT sharing bit information. We thus propose the following:
Proposal 1: The UE indicates the LBT priority class in CG-UCI, when it initiates a channel occupancy.
For the remaining CG-UCI content that was proposed during last RAN1 meeting [3], Table 1 highlights our views regarding the necessity of each content.

[bookmark: _Ref21256830]Table 1. Analysis of candidate CG-UCI contents
	CG-UCI content
	Needed or not
	Note

	LBT type
	No
	In our view, the default channel access type should be cat4 LBT for CG transmissions. In case the UE shares its COT, COT sharing information can be provided to the gNB. By providing COT sharing information, it is implicating that LBT cat4 was used. In other cases, the UE should rely on gNB instructions to determine the type of LBT (e.g. cat2 LBT using gNB initiated COT) and there is no need to indicate it to the gNB. 

	LBT priority class
	Yes, in case of COT sharing
	Described in our first paragraph.

	CRC
	Depending on the CG-UCI payload
	Similar encoding of UCI in NR Rel-15 can be applied to CG-UCI. If the CG-UCI payload is above 12 bits, CRC can be added to CG-UCI.

	UE ID
	Yes, if CRC is attached to CG-UCI
	UE ID can be conveyed using CRC scrambling with UE ID.

	Resource configuration index
	No
	It is not clear why it is needed.

	Transmission parameters (such as MCS, PMI, RI, SRI)
	No
	The transmission parameters should be part of RRC configuration similar to CG transmission in NR Rel-15. Different active CG configuration is supported (in eURLLC) and can have different transmission parameters.

	CBGTI and CBGFI
	Yes, in case CBG retransmissions is supported using CG transmissions.
	Supporting CBG level retransmission using configured grant transmission was left for further study.

	PUSCH starting start/end point.
	No
	It was agreed that UE can only start transmissions accessing transmission opportunities provided by a configured grant at the configured/indicated starting position. There is some discussion on allowing sub-symbol starting position to multiplex multiple UEs within the same resource. In our view, the offset will be configured by the gNB and thus there is no need to indicate the starting point.



Based on this analysis, we propose the following: 
Proposal 2: Table 1 is considered for the support of CG-UCI contents for CG transmission in NR-U.
Some of the proposed CG-UCI content are only relevant for some specific use cases. For example, COT sharing information is relevant only for the case of a UE initiating the COT. It is possible that the gNB acquires the channel and transmits the COT structure indication so that the UE can use cat2 LBT. In that case, COT sharing information is not needed to be included in the CG-UCI. Another example is the CBGTI/CBGFI which are only relevant for CBG-based transmissions. Furthermore, including all the agreed contents for every CG-UCI transmission will increase the overhead on the CG transmission. For example, in the case of two symbols PUSCH, with one symbol carrying DMRS, there might not be enough resources left for data transmission. We think that the agreed contents should not always be present in the CG-UCI and can be dynamically selected based on the operating scenario. A UE can be configured along with CG-PUSCH configuration with a set of possible contents that can be used. UE can select the CG-UCI content according to the scenario. For example, if a UE initiates and shares a COT with the gNB it can indicate the COT sharing information to the gNB. 
CG-UCI mapping
CG-UCI is expected to carry information that is critical to decode the transport block carried by CG-PUSCH. Thus, the CG-UCI should be protected and considered with a high priority. In NR Rel-15, in case of UCI piggybacking, UCI is mapped to the OFDM symbol immediately after the OFDM carrying DMRS to increase the probability of successfully decoding. We think that the same multiplexing rule should be applied to CG-UCI. 
Proposal 3: NR Rel-15 UCI piggybacking rules are reused for CG-UCI multiplexing with CG-PUSCH.   

During the RAN1#98 meeting, it was agreed to support a maximum of 3 separately encoded UCIs multiplexed using a configured grant. For the case when other UCI types should be transmitted together with CG-UCI, the question is which one should be prioritized. NR Rel-15 mechanisms prioritize UCI carrying HARQ feedback information over the UCI carrying CSI reports. HARQ ACKs are mapped to the first OFDM symbol after the first DMRS signal while CSI reports are mapped to subsequent symbols. The reason for that is if the gNB fails to receive the HARQ acknowledgment, it will trigger PDSCH retransmissions which may be unnecessary retransmission (i.e. the previously transmitted PDSCHs might be decoded correctly in the UE side). In NR-U, enhanced dynamic HARQ codebook will be supported and the gNB can request the retransmission of HARQ ACK feedbacks if the feedback is not received. CG-UCI will carry essential information to decode CG-PUSCH. At least HARQ process ID, NDI and Redundancy Version will be part of the CG-UCI. Failing to decode CG-UCI will have the same consequence as if the CG-PUSCH was dropped. For that reasons, we propose to consider CG-UCI with the highest priority.
Proposal 4: In case where other UCI types are multiplexed with configured grant transmission, CG-UCI should be considered with highest priority.   
Conclusion
In this contribution, we presented our views and proposals regarding NR-U configured grant enhancements. The following are proposed:
Proposal 1: The UE indicates the LBT priority class in CG-UCI, when it initiates a channel occupancy.
Proposal 2: Table 1 is considered for the support of CG-UCI contents for CG transmission in NR-U.
Proposal 3: NR Rel-15 UCI piggybacking rules are reused for CG-UCI multiplexing with CG-PUSCH.
Proposal 4: In case where other UCI types are multiplexed with configured grant transmission, CG-UCI should be considered with highest priority.   
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