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Introduction 
In this contribution, we will discuss the following issues for NR-U configured grant:
· Flexible starting positions for grant-free PUSCH
· CBG-level retransmission for grant-free PUSCH
· UE-initiated COT sharing for PDCCH/PDSCH transmission
Discussion
Flexible starting positions for grant-free PUSCH transmission
For grant-free PUSCH in unlicensed band, it would be beneficial to allow multiple starting positions at least for grant-free PUSCH(s) transmitted in the beginning of an UL transmission burst to mitigate UL resource dropping due to LBT failure to maximize the resource utilization. Moreover, multiple starting positions also enable more LBT attempts to increase the channel access probability for a UE. Two main categories can be identified for enabling multiple flexible positions:
· Option 1. Multiple mini-slot-based transmission occasions: To effectively improve the resource utilization, multiple transmission occasions could be configured with a finer granularity, e.g., mini-slot with 2 OS, at the beginning of UL transmission burst. NR Rel-15 has already supported mini-slot-based PUSCH, i.e., Type B PUSCH mapping, with length 1 OS to 14 OS. Meanwhile, to effectively increase the channel access probability, the number of mini-slots should be sufficiently large to provide time domain diversity. As the example shown in Figure 1(a), 7 mini-slot-based transmission occasions with 2 OS and 1 slot-based transmission occasion are configured for a UE, and each PUSCH has one candidate starting position at its transmission beginning. Before the beginning of the pre-configured UL transmission burst, the UE performs a LBT procedure towards accessing the first transmission occasion. If the LBT is successful, the UE can start transmitting PUSCHs up to the end of the pre-configured UL transmission burst. If the LBT fails, the UE does not stop the LBT procedure. Rather, it can continue its LBT attempts towards accessing the second transmission occasion, and so on and so forth. However, we does not prefer Option 1 due to the following potential issues/impacts:gNB LBT
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· The granularity would be limited by UE capability since a UE may not support 7 TDMed PUSCHs per slot for different TBs. In NR Rel-15, a UE may only support up 2 or 4 TDMed PUSCHs per slot for different TBs.
· Multiple mini-slot-based PUSCHs may increase the total number of required HARQ processes. In NR-U configured grant, since HARQ process ID for each PUSCH is selected by the UE instead of indicating by the gNB, the HARQ processes will not be wasted on the mini-slot-based transmission occasions blocked by LBT failures. However, after a successful channel access, the remaining mini-slot-based PUSCHs still occupy a number of HARQ processes. In general, increasing number of HARQ processes has difficult software/hardware implementations.
· Dividing a slot-based PUSCH into multiple mini-slot-based PUSCHs leads to underutilized resources because there will be more DMRS resources for these mini-slot-based PUSCHs.   
· [bookmark: _GoBack]Option 2. Multiple candidate starting positions within a transmission occasion: Allowing multiple candidate starting positions within a pre-configured transmission occasion is another way to increase both resource utilization and channel access probability. Since multiple candidate starting positions could be allowed for all transmission occasions, the time domain diversity is not limited only at the beginning of a transmission burst. As the example shown in Figure 1(b), 2 slot-based transmission occasions are configured for a UE, and each PUSCH has 14 candidate starting positions. The UE performs a LBT procedure before the beginning of the pre-configured UL transmission burst until the LBT succeeds, then it can start transmitting a PUSCH on the remaining symbol(s) of a transmission occasion. In FeLAA, multiple starting positions in a sub-frame for UL transmission are supported, where a UE can start at symbol #0 or symbol #7 depending on the outcome of LBT. Since NR Rel-15 has already supported mini-slot-based PUSCH with any length, it is reasonable to support PUSCH transmission starting at any symbol in NR-U. Whereas, the gNB may detect the PUSCH transmission on the multiple candidate starting positions blindly. Indicating the starting position of a PUSCH through CG-UCI carried by this PUSCH may be helpful for the gNB to determine the starting position. To avoid the TBS changed according to the varying starting position, the UE can rate-match the TB pre-determined as for the slot-based transmission occasion on the remaining symbols, and the TB still can be delivered if the effective code rate is acceptable. However, if there are only a few symbols are available, rate-matching the pre-determined TB will make the effective code rate so high that the UE may need to retransmit the entire TB. In this case, puncturing the pre-determined TB would be a better choice because the UE may not need to retransmit the entire TB if CBG-level retransmission is enabled. Thus, both rate-matching and puncturing should be considered to avoid changing a TBS depending on the LBT outcome if multiple starting positions within a grant-free PUSCH transmission are supported in NR-U.

Proposal 1: In NR-U, flexible starting positions for improving the resource utilization and increasing the channel access probability should be allowed for grant-free PUSCH transmission(s), and multiple candidate starting positions within a PUSCH transmission should be supported.
Observation 1: In a partial-slot PUSCH transmission, if the number of remaining symbols is sufficient, rate-matching the TB on the partial-slot PUSCH could avoid unnecessary retransmission.
Observation 2: In a partial-slot PUSCH transmission, if only a few symbols are available, puncturing the TB could outperform rate-matching the TB by exploiting CBG-level retransmission.
Proposal 2: Both rate-matching and puncturing should be considered to avoid changing TBS depending on the LBT outcome if multiple candidate starting positions within a grant-free PUSCH transmission are supported in NR-U.



Figure 1. Two options for enabling flexible starting positions for grant-free PUSCH (a) multiple mini-slot-based transmission occasions (b) multiple candidate starting positions within a transmission occasion

	Potential Issues/Impacts
	Option 1
	Option 2
	Memo

	Granularity is limited by UE capability
	Yes
	No
	Up to 2/4/7 TDMed PUSCHs per slot for different TBs

	Increase number of required HARQ processes
	Yes
	No
	

	Lead to more DMRS resources
	Yes
	No
	

	Blind transmission detection
	No
	Yes
	

	Increase UE complexity for a PUSCH transmission
	No
	Yes
	Transmission depending on channel access outcome



Table 1. Comparison between two options for enabling flexible starting positions

CBG-level retransmission for grant-free PUSCH
In NR, CBG-level retransmission has been introduced for grant-based PUSCH, where an UL grant could indicate the UE only retransmitting some CBGs rather than the entire TB using CBGTI (CBG transmission indication). It is useful for large TBS scenario especially when some CBGs preempted by URLLC transmission or corrupted by time varying interference. In NR-U, it would be beneficial to adopt CBG-level retransmission not only for grant-based PUSCH but also for grant-free PUSCH in that it is robust against interference caused by hidden nodes and significantly increases the retransmission efficiency. Moreover, if multiple starting positions within a grant-free PUSCH transmission are supported in NR-U, since some symbols shall be dropped according to when the LBT succeeds, it would be favorable to retransmit the not-transmitted or partially transmitted CBG(s) instead of the entire TB.
NR-U supports the retransmission of a HARQ process initially transmitted on a grant-free PUSCH via a separate grant-based PUSCH or the same grant-free PUSCH in a separate period [1], and we considers CBG-level retransmission for the two cases:
· CBG-level retransmission on a separate grant-based PUSCH: If a DCI scheduling a PUSCH transmission includes a CBGTI field, the gNB can always use it to request retransmission for the failed CBGs, and allocate resources fewer than the initial transmission on the grant-free PUSCH to increase the resource efficiency, as shown in Figure 2. Since NR DCI Format 0_1 already includes CBGTI field, this case can be naturally supported without signaling enhancements.
[image: ]
Figure 2. Example CBG-level retransmission on a separate grant-based PUSCH

· CBG-level retransmission on the same grant-free PUSCH in a separate period: If a UE autonomously initiates retransmission on the same grant-free PUSCH in a separate period, the resource allocation would be the same. Therefore, no resource can be saved by CBG-level retransmission. However, the redundant resources still make the retransmission more robust due to lower effective code rate. In addition, since both initial transmission and retransmission on the grant-free PUSCH(s) at the beginning of a transmission burst may usually suffer from dropped symbols if multiple starting positions within a grant-free PUSCH transmission are adopted, it may lead to a lot of retransmissions for the same TB without CBG-level retransmission, as illustrated in Figure 3. Thus, CBG operation is also necessary for retransmission on grant-free PUSCH.



Figure 3. Example of only TB-level retransmission on the same grant-free PUSCH resources
To enable CBG-level retransmission on grant-free PUSCH, as shown in Figure 4, the CG-UCI on top of indicating RV, NDI, and HARQ ID, it has to include a bitmap like CBGTI to indicate the transmitted CBG(s) in every grant-free PUSCH. Also, the gNB should provide individual A/N for each CBG to the UE via CG-DFI. In FeLAA, a codebook in AUL-DFI is adopted for indicating TB-level A/N for all HARQ processes, where the codebook size is only scaled with the number of HARQ processes. When CBG-level A/N is introduced in CG-DFI, the codebook size is further scaled with the number of CBGs per TB. For example, when a UE is configured with 8 HARQ processes and 8 CBGs per TB for configured grant, it would lead to a codebook with 64 bits in CG-DFI. To reduce the large payload size for CG-DFI, one potential solution is that the gNB can hybrid provide TB-level A/N and CBG-level A/N in a codebook. This is because CBG-level A/N is not necessary for some cases, e.g., HARQ process without detected CBGs, HARQ process without correctly decoded CBGs, and HARQ process with all CBGs decoded correctly. Meanwhile, the gNB can also flexibly decide the number of HARQ processes provided with CBG-level A/N depending on maximal payload size. As shown in Figure 5, to indicate whether TB-level A/N or CBG-level A/N is adopted for each HARQ process, a bitmap can be included in CG-DFI.

Proposal 3: NR-U should support CBG-level retransmission of a HARQ process initially transmitted on a grant-free PUSCH using a separate grant-based PUSCH or the same grant-free PUSCH in a separate period.
Observation 3: CBG-level A/N is not necessary for some cases, e.g., HARQ process without detected CBGs, HARQ process without correctly decoded CBGs, and HARQ process with all CBGs decoded correctly.
Proposal 4: To reduce codebook size resulted from CBG-level HARQ A/N, the gNB could hybrid provide TB-level A/N or CBG-level A/N for HARQ processes in a codebook.

[image: ]
Figure 4. Example of CBG-level retransmission on the same grant-free PUSCH in a separate period

[image: ]

Figure 5. Example of providing hybrid TB-level A/N and CBG-level A/N in a codebook
UE-initiated COT sharing for PDCCH/PDSCH transmission
In FeLAA, a COT initiated by AUL transmissions can be shared with the eNB to transmit PDCCH to the UE with up to two symbols if the COT sharing indication is enabled on the AUL-UCI. Since the UE-initiated COT sharing can minimize the effort to access the channel for DL transmission, it is desirable for NR-U to support the UE-initiated COT sharing. In addition to the PDCCH only transmission, it would be beneficial to support more possible scenarios of the UE-initiated COT sharing. For example, a DL transmission burst including PDCCH and PDSCH within a limited duration can share the UE-initiated COT to improve DL performance.
Proposal 5: For NR-U configured grant, the UE-initiated COT sharing for PDCCH/PDSCH transmission is beneficial. 

To support UE-initiated COT sharing for PDCCH and PDSCH transmission, the CG-UCI should carry COT sharing information. Moreover, if PDSCH transmission in a UE-initiated COT is allowed, an up-to-date CSI for DL transmission adaptation is necessary. However, due to the uncertainty of medium access in unlicensed band, it may be difficult to guarantee that a CSI report can be transmitted near or within the UE-initiated COT. Therefore, as shown in Figure 6, if a UE-initiated COT is shared with DL data transmission, including an event-triggered CSI report together with COT sharing information in CG-UCI would be beneficial.
Proposal 6: It is beneficial to include an event-triggered CSI report in CG-UCI if the UE-initiated COT for configured grant is shared with DL data transmission.



  Figure 6. Examples of a UE-initiated COT sharing for PDCCH and PDSCH transmissions

Conclusion
The proposals and observations made in this contribution are summarized below: 
Proposal 1: In NR-U, flexible starting positions for improving the resource utilization and increasing the channel access probability should be allowed for grant-free PUSCH transmission(s), and multiple candidate starting positions within a PUSCH transmission should be supported.
Observation 1: In a partial-slot PUSCH transmission, if the remaining symbols are large enough, rate-match the TB on the partial-slot PUSCH could avoid unnecessary retransmission.
Observation 2: In a partial-slot PUSCH transmission, if only a few symbols are available, puncturing the TB could outperform rate-matching the TB by exploiting CBG-level retransmission.
Proposal 2: Both rate-matching and puncturing should be considered to avoid changing TBS depending on the LBT outcome if multiple candidate starting positions within a grant-free PUSCH transmission are supported in NR-U.
Proposal 3: NR-U should support CBG-level retransmission of a HARQ process initially transmitted on a grant-free PUSCH using a separate grant-based PUSCH or the same grant-free PUSCH in a separate period.
Observation 3: CBG-level A/N is not necessary for some cases, e.g., HARQ process without detected CBGs, HARQ process without correctly decoded CBGs, and HARQ process with all CBGs decoded correctly.
Proposal 4: To reduce codebook size resulted from CBG-level HARQ A/N, the gNB could hybrid provide TB-level A/N or CBG-level A/N for HARQ processes in a codebook.
Proposal 5: For NR-U configured grant, the UE-initiated COT sharing for PDCCH/PDSCH transmission is beneficial. 
Proposal 6: It is beneficial to include an event-triggered CSI report in CG-UCI if the UE-initiated COT for configured grant is shared with DL data transmission.
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