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1. Introduction
In the study item of NR-based Access to Unlicensed Spectrum, it was agreed in 3GPP RAN1 #94bis meeting [1]:
Agreement:
· Within a 20 MHz bandwidth, the following candidate PRB-based interlace designs have been identified where M is the number of interlaces and N is the number of PRBs per interlace in a 20 MHz bandwidth. Where two values are listed for N, it means that some interlaces have one more PRB than others (non-uniform interlace design):
· 15 kHz:
· M = 12, N = 8 or 9
· M = 10, N = 10 or 11
· M = 8, N = 13 or 14
· 30 kHz:
· M = 6, N = 8 or 9
· M = 5, N =  10 or 11
· M = 4, N = 12 or 13
· 60 kHz:
· M = 4, N = 6
· M = 3, N = 8
· M = 2, N = 12
· 60 kHz (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth):
· M = 4, N = 6 or 7
· M = 2, N = 13
· M = 3, N = 8 or 9
· It is up to RAN4 to investigate whether or not the non-uniform interlace structure has an impact on MPR/A-MPR requirements for PUSCH
Agreement:
For carriers with bandwidth larger than 20 MHz, two candidate interlace designs have been identified.
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· This alternative uses Point A as a reference for the interlace definition
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 
3GPP RAN1 #95 meeting [2], it was agree that:
Agreement:
· Adopt the following text proposal for the TR:
------------------------------------------ Start of Text Proposal ----------------------------------------------
It has been identified to be beneficial for the NR-U design to not require the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome.
The following options have been identified as possible candidate at least for the first PUSCH(s) transmitted in the UL transmission burst.
· Option 1: PUSCH(s) as in Rel-15 NR
· Option 2: Multiple starting positions in one or multiple slot(s) are allowed for PUSCH(s) scheduled by a single UL grant (i.e., not a configured grant) and one of the multiple PUSCH starting positions can be decided depending on LBT outcome. 
It is noted that for above options, the ending position of the PUSCH is fixed as indicated by the UL grant.
It is noted that above options are not mutually exclusive.
-------------------------------------------- End of Text Proposal ---------------------------------------------
· FFS: TBS determination for the transmission and how to capture the options in the TP.
· FFS for signalling details, specification impact, implementation complexity
In this contribution, we will discuss the interlaced design, PUCCH design, and PUSCH design for NR-U.

2. Interlaced Design for NR-U
In LTE eLAA, block interlaced FDMA (B-IFDMA) is introduced for UL transmission in order to comply with both OCB and maximum PSD level requirements, while at the same time maintaining a TX signal power level that could support desired cell coverage. In the study item of NR-U, it is identified that interlace waveform has following advantages
· meeting the occupied channel bandwidth (OCB) requirement
· providing better link budget with given PSD constraint 
In this section, we will discuss the interlace design for NR-U.
2.1 PRB-based Interlaced Design for NR-U
In RAN1#94bis meeting, the number of blocks per interlaces ( and number of interlaces per symbol  for PRB-based interlace designs have been identified within a 20 MHz bandwidth. However, we found that the OCB requirement is not satisfied for all candidates. Table 1 shows the occupied channel bandwidth (OCB) for each candidate for each subcarrier spacing (SCS).
	 SCS (kHz)
	15 (106 PRBs)
	30 (51 PRBs)
	60 (24 PRBs)
	60 (26 PRBs)

	 N
	12
	10
	8
	6
	5
	4
	4
	3
	2
	4
	3
	2

	 L1
	8
	10
	13
	8
	10
	12
	6
	8
	12
	6
	8
	13

	 L2
	9
	11
	14
	9
	11
	13
	 -
	 -
	 -
	7
	9
	 -

	 OCB1 (%)
	76.5
	81.9
	87.3
	77.4
	82.8
	81
	75.6
	79.2
	82.8
	75.6
	79.2
	90

	 OCB2 (%)
	87.3
	90.9
	94.5
	88.2
	91.8
	88.2
	 -
	 -
	 -
	90
	90
	 -


[bookmark: _Ref528756325]Table 1 OCB for each (N, L) candidate per SCS
From Table 1, we can see that for 15 kHz SCS, the OCB requirement is not satisfied when N is 12. For 30 kHz SCS, the OCB requirement is not satisfied when N is 6. For 60 kHz SCS, the OCB requirement is not satisfied when N is 3 or 4.
[bookmark: _Ref534896616]Observation 1: Some candidate PRB-based interlace designs agreed in RAN1#94bis meeting do not satisfy the OCB requirement.
[bookmark: _Ref534896721]Proposal 1: The candidates of PRB-based interlace design should satisfy the OCB requirement.

2.2 Channel Multiplexing for the Interlaced Design
For some NR bandwidth and SCS combinations, due to regulation and design constraints, the number of interlaces available per symbol can be very limited (e.g., the example discussed in the previous section allows only 2 interlaces per symbol). In such cases, it may be beneficial to consider channel multiplexing within a single interlace. There are multiple scenarios where NR-U would benefit from channel multiplexing within an interlace. For example:
· When the interlace number is not sufficient to support the number of UEs requesting for transmission. In this case, allowing channel multiplexing within an interlace directly increases the maximum number of UEs the NR-U system could support simultaneously. 
· Consider the case where UE1 is allocated interlace  and UE2 is allocated interlace  (see 
· Figure 1(a)). Due to PSD constraint, each UE can transmit at a maximum power of . Now, assume the gap between these two interlaces are larger than , and we implement  CDM multiplexing within an interlace. Specifically, both UE1 and UE2 are now allocated to use the two interlaces  via CDM, as shown in 
· Figure 1(b). In this case, each UE is allowed to transmit at a maximum power of , which directly translates to a SNR improvement of 3dB.
[bookmark: _Ref534896661]Observation 2: Channel multiplexing within an interlace can provide scheduling flexibility and performance improvement for NR-U operation.

[bookmark: _Ref510780349][bookmark: _Ref494794648][image: ]
[bookmark: _Ref534897252]Figure 1: Channel multiplexing within an interlace
As described in the precious section, larger SCS leads to a more restrictive interlace design. Particularly, for , , , and , we found that in order to satisfy the 80% minimum OCB requirement, the maximum number of interlaces allowed is . This gives us few design options, and certainly has a negative impact on scheduling flexibility. Applying channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement. Continue on the above example, if we allow a channel multiplexing factor of 4, then we will have 8 interlaces that could be assigned to different UEs simultaneously, as shown in 
Figure 1(c). Obviously, all these 8 interlaces in our design example still satisfy the OCB requirement.
[bookmark: _Ref534896667]Observation 3: Channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement.
[bookmark: _Ref534896725]Proposal 2: Channel multiplexing within an interlace should be considered for NR-U interlace design.

2.3 Power Boosting Via PRB-Based Interlace Design
In RAN1 meeting #94 [4], sub-PRB interlace design has been identified as beneficial for certain scenarios due to its ability to provide transmission power boosting under the PSD constraint. It is not clear at the time weather PRB-based interlace design could achieve the same. In this section, we will show two approaches that enable PRB-based interlace design to achieve maximum power boosting under the same PSD constraint.
We will evaluate the power boosting gain achieved by various designs and allocation schemes assuming a subcarrier spacing of  and a PSD limitation of . First, consider PRB-based continuous allocation, as shown in Figure 2(a). Assume the UE is allocated 5 PRBs, or equivalently, . In this case, due to the PSD constraint, the maximum transmission power allowed by the UE is given by:
                                    (4)
This will serve as our baseline transmission power, and the power boosting gain is defined as the difference in transmission power as compared to the baseline. 
Next, we consider a PRB-based interlace design with 5 interlaces, each consists of 5 PRBs (except for the last interlace, which has only 4 PRBs), as shown in Figure 2(b). In this case, since the gap between each PRB in a given interlace is larger than , the maximum transmission power allowed by the UE is given by:
                                            (5)
This corresponds to a power boosting gain of .
Now, we consider a sub-PRB interlaced design where each PRB is further divided into 3 sub-PRBs, each consists of 4 subcarriers (see Figure 2(c)). For fair comparison, we assume each sub-PRB based interlace consists of 15 such sub-PRB so that the overall bandwidth allocated to the UE remains , as shown in Figure 3(c). In this case, since the gap between each sub-PRB in a given interlace is larger than , the maximum power allowed by the UE is given by:
                                           (6)
This corresponds to a power boosting gain of , justifying the observation made in [4] that sub-PRB based interlace design could be beneficial in scenarios where power boosting is necessary.
[image: ]
[bookmark: _Ref525825845]Figure 2: Maximum UE transmission power for various allocation methods and interlace designs
Despite its ability to provide noticeable power boosting gain over traditional PRB-based interlace design, it is also noted in [4] that adopting sub-PRB based interlace design may have significant specification impact that may not be welcomed. This naturally leads to the following question: Is it possible to achieve the same or better power boosting gain using PRB-based interlaced design? To answer this question, we first derive the maximum power boosting gain that could be achieve. Since there are 24 PRBs available, with the  PSD limitation, the maximum transmission power for each UE is given by:
                           (7)
Below we provide two allocation methods based on PRB-based interlace design that could allow the UE to transmit at the above maximum transmission power.
The first approach uses CDM channel multiplexing as described in the previous section. The idea is illustrated in Figure 3(a). Specifically, all 24 PRBs are allocated to each UE (i.e., each UE is allocated to all 5 interlaces in our example). With the  PSD constraint, it is straight forward to verify that in this case, each UE could transmit at the maximum power level of . Each PRB will now carry information from 5 different UEs, and CDM is used to separate their corresponding data streams. 
The second approach is to introduce a cyclic interlace allocation pattern to each UE, as shown in Figure 3(b). In this case, each UE is allowed to use the full band of 24 PRBs for transmission (over multiple symbols, e.g., a subframe of 56 symbols) as in the previous approach, and hence, a maximum transmission power of  could also be achieved.
[bookmark: _Ref534896673]Observation 4: Maximum power boosting could be achieved using PRB-based interlace design.
[bookmark: _Ref534896729]Proposal 3: PRB-based interlace design could be used to achieve maximum power boosting in NR-U UL transmission.
[image: ]
[bookmark: _Ref525826053]Figure 3: Methods to achieve maximum transmission power using PRB-based interlace design.

2.4 Interlace Design for a Carrier with Wide Bandwidth
In 3GPP RAN1#94bis meeting, we have the following two alternatives were agreed for the carriers with wide bandwidth.
· Alt-1: Same interlace spacing for all interlaces regardless of carrier BW.
· This alternative uses Point A as a reference for the interlace definition
· Alt-2: Interlacing defined on a sub-band (20 MHz) basis. (Note: Possible interlace spacing discontinuity at edges of sub-band). 
For Alt-2, the variation of the RBs per interlace is larger than that of Alt-1. For example, suppose the channel bandwidth is 40 MHz and the subcarrier spacing is 30 KHz. In this case, there are 106 RBs for data transmission. Suppose M is 5 for both Alt-1 and Alt-2. Then for Alt-1, interlace 0 contains 22 RBs and interlace 1, 2, 3, and 4 contains 21 RBs. For Alt-2, interlace 0, 1 and 2 contains 22 RBs and interlace 3 and 4 contains 20 RBs. Table 2 shows the number of RBs of each interlace for both Alt-1 and Alt-2. For the interlace with 20 RBs, the transmit power is 10+10*log10(22) = 23.01 dBm. Since the max UE transmit power is 23 dBm, the maximum transmit power that can be used by an interlace is 23dBm. Thus for the interlace with 21 or 22 RBs, the transmit power remains 23 dBm. This mean that interlace with 22 RBs has worse decoding performance due to large TB size. Moreover, since the interlace separation discontinuity may appears at the sub-band edges, the benefit from power-boosting may no longer exists. Therefore, to ensure that each interlace has similar decoding performance and take the advantage of power boosting, Alt-1 is preferred.
	
	Interlace 0
	Interlace 1
	Interlace 2
	Interlace 3
	Interlace 4

	Alt-1
	22 
	21
	21
	21
	21

	Alt-2
	22 
	22 
	22 
	20
	20


[bookmark: _Ref528672902]Table 2 Number of RBs of the interlace.
[bookmark: _Ref534896732]Proposal 4: Alt-1 “Same interlace spacing for all interlaces regardless of carrier BW” is supported for NR-U.

3. PUCCH Design Consideration
In section 3.1, we consider PUCCH design which satisfy the OCB requirement. In section 3.2, we consider the case when the OCB requirement can be occasionally violated.
3.1. [bookmark: _Ref528581501] Enhanced PUCCH formats 
In this section, we discuss the PUCCH design consideration for NR-U. In Rel. 15, five PUCCH formats are designed for NR in licensed band. Table 3 shows the brief summary of the PUCCH formats. PUCCH format 0 and 2 are short PUCCH formats which occupies at most 2 OFDM symbols. PUCCH format 1, 3, and 4 are long PUCCH formats which occupies 4-14 OFDM symbols. For PUCCH format 0 and 1, the number of UCI bits are 1 or 2. For PUCCH format 2, 3, and 4, the UCI bit can be moderate (tens of bits) or large (hundreds of bits). For PUCCH format 2 and 3, the maximal number of occupied PRBs are 16. For PUCCH format 0, 1, and 4, only one PRB is used. 
[bookmark: _Ref534894570][bookmark: _Ref534894563]Table 3: PUCCH formats for NR in licensed band
	
	PUCCH format 0
	PUCCH format 1
	PUCCH format 2
	PUCCH format 3
	PUCCH format 4

	Length (# of OFDM symbols)
	1-2
	4-14
	1-2
	4-14
	4-14

	UCI bits
	1 or 2
	1 or 2
	Moderate
	Large
	Moderate

	Maximal number of PRBs
	1
	1
	16
	16
	1

	Maximal UE multiplexing capacity (# of UEs per RB)
	12
	84
	1
	1
	4


For NR-U, considering the uncertainty of listen-before-talk (LBT) and the regulatory requirement on OCB, we have following PUCCH design consideration:
· UCI payload size
For the unlicensed band operation, LBT is required whenever the device (gNB or UE) wants to stat a transmission. For the UCI transmission, multiple LBT opportunities can be considered. When the UCI is failed to be transmitted in the earlier opportunity, the UCI can be transmitted in the later opportunity if LBT successes for the opportunity. In this case, two or more PUCCHs may be merged together to carry all the UCI bits. In this sense, format 2, 3, and 4 are good candidates since they can support moderate to large UCIs bits.  

· Efficiency of UCI transmission
To satisfy regulatory requirement on OCB in the unlicensed band, an interlace structure for PUCCH is required. For example, suppose the channel bandwidth is 20MHz and subcarrier spacing is 15KHz. Suppose  and . Then we have 10 blocks per interlaces. If PUCCH format 0 or 1 with repetition in frequency domain is used, then 10 RBs are used to transmit at most 2 UCI bits. In this case, the redundancy is very large. On the contrary, format 2 and 3 are good candidates since they can support up to 16 PRBs with a large number of UCI bits. Thus, a more efficient UCI transmission can be achieved.

· UE multiplexing capacity
To overcome the uncertainty of LBT and improve the spectral efficiency in the unlicensed band, the network may schedule the uplink transmission of multiple UEs within the same channel occupancy time. However, due to the OCB requirement, the number of interlaces per symbol is limited. As described in Section 2, larger SCS leads to a more restrictive interlace design. For example, for , , and , the maximum number of interlaces allowed is . In this case only 2 UEs can be multiplex in an OFDM symbol when PUCCH format 2 or 3 is used. As a result, UCIs of other UEs need to be scheduled in later symbols or slots, which leads to longer latency (due to the scheduling delay and uncertainty of LBT). On the contrary, for PUCCH format 1, since 84 UEs can be multiplexed within a PRB, it allows 168 UEs multiplexed within an OFDM symbol. Similarly, PUCCH format 0 allows at most 24 UEs multiplexed within an OFDM symbol.
From above discussions, we can see that the disadvantage of using PUCCH format 2 and 3 is the poor UE multiplexing capacity. To increase the UE multiplexing capacity for PUCCH format 2 and 3, OCC 2 and 4 can be used. For example, as shown in Figure 4, NR PUCCH format 2 is modified to support OCC 2 and 4. Since format 3 has the same physical structure as format 4 except for the number of supported RBs (1 for format 4, up to 16 for format 3) and UE multiplexing capacity (2 or 4 for format 4, 1 for format 3), we can reuse the OCC design of format 4 for format 3 (or, equivalently, apply multiple RBs for format 4). 


[bookmark: _Ref525717396]Figure 4: Modified PUCCH format 2
The disadvantage of using PUCCH format 0 and 1 is that the payload size is too small. To increase the number of UCI bits carried by PUCCH format 0 and 1, one solution is to put the two UCI bits in each block of an interlace, which results in total 2L UCI bits. However, the UCI payload of 2L bits is still much smaller compared to the UCI bits that can be carried by format 2/3.
[bookmark: _Ref534896677]Observation 5: The disadvantage of NR PUCCH format 0/1 is the small payload size and poor UCI efficiency. 
[bookmark: _Ref534896681]Observation 6: The disadvantage of NR PUCCH format 2/3 is that the UE multiplexing capacity is only one. 
[bookmark: _Ref534896684]Observation 7: NR PUCCH format 3 has the same physical structure as NR PUCCH format 4 except for the number of supported RBs and UE multiplexing capacity.
[bookmark: _Ref534896687]Observation 8: UCI payload size, UCI efficiency, and UE multiplexing capacity can be taken into consideration for PUCCH design for NR-U.
[bookmark: _Ref534896736][bookmark: _Ref534897241]Proposal 5: For the PUCCH with interlace design, PUCCH formats for NR-U can be modified from NR PUCCH format 2 and 3.
3.2. [bookmark: _Ref528581561] Supported legacy PUCCH formats
From the regulatory requirement [3], the equipment may operate temporarily with an occupied channel bandwidth of less than 80 % of its nominal channel bandwidth with a minimum of 2 MHz. In NR Rel-15, the PUCCH formats 0, 1, and 4 do not satisfy the minimum 2 MHz bandwidth since only one PRB can be configured. For PUCCH format 2 and 3, there can be multiple PRBs and the number of PRBs can be chosen to satisfy the minimum 2 MHz bandwidth. Thus, we suggested that legacy PUCCH format 2 and 3 is supported for NR-U.
[bookmark: _Ref534896739]Proposal 6: Legacy NR PUCCH format 0, 1, and 4 are not supported since the OCB requirement is violated.

4. Flexible starting positions for PUSCH transmission(s)
For NR-U operation, it would be beneficial to allow multiple starting positions at least for the 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 flexible starting positions:
· Option 1. Scheduling multiple mini-slot-based PUSCHs: To effectively improve the resource utilization, multiple PUSCHs could be scheduled with a finer granularity, e.g., mini-slot with 2 OS, at the beginning of UL transmission burst. NR Rel-15 has already supports 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 sufficient time domain diversity. As the example shown in Figure 5(a), seven mini-slot-based PUSCHs with 2 OS and one slot-based PUSCH are scheduled for a UE, and each PUSCH has one candidate starting position at the transmission beginning. Before the beginning of the UL transmission burst, the UE performs a LBT procedure towards accessing the first PUSCH transmission occasion. If the LBT is successful, the UE can start transmitting PUSCHs up to the end of the 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 PUSCH transmission occasion, and so on and so forth. However, we does not prefer Option 1 due to the following potential issues/impacts:gNB LBT
Feedback Transmission
UL Transmission Using Remaining CG Parameters
DL Transmission [image: ]

· Scheduling multiple mini-slot-based PUSCHs requires more UL grants, it will leads to performance degradation due to the multiple PDCCH transmissions and multiple DL/UL switching points. Although the gNB can schedule multiple PUSCHs using a single UL grant in NR-U, in order to provide sufficient time domain diversity, the huge number of mini-slot-based PUSCHs still cause large DCI burden.
· The granularity would be limited by UE capability since a UE may not support up to 7 TDMed PUSCHs per slot for different TBs. In NR Rel-15, a UE may only support up to 2 or 4 TDMed PUSCHs per slot for different TBs.
· Scheduling multiple mini-slot-based PUSCHs increases the total number of required 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.
· Option 2. Multiple candidate starting positions within a PUSCH transmission: Allowing multiple candidate starting positions within a PUSCH transmission is another way to increase both resource utilization and channel access probability. Since multiple candidate starting positions could be allowed for all scheduled PUSCHs, the time domain diversity is not limited only at the beginning of a transmission burst. As the example shown in Figure 5(b), two slot-based PUSCHs are scheduled for a UE, and each PUSCH has 14 candidate starting positions. The UE performs a LBT procedure before the beginning of the UL transmission burst until the LBT succeeds, then it can start transmitting data on the available symbols. In FeLAA, multiple starting positions within an uplink sub-frame 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 supports 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. 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 PUSCH on the remaining symbol(s), 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, if multiple starting positions within a PUSCH transmission are supported in NR-U, both rate-matching and puncturing should be considered to avoid changing a TBS depending on the LBT outcome.
[bookmark: _Ref534957308]Proposal 7: In NR-U, flexible starting positions for improving the resource utilization and increasing the channel access probability should be allowed for PUSCH transmission(s), and multiple candidate starting positions within a scheduled PUSCH transmission should be supported.
[bookmark: _Ref534957263]Observation 9: 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.
[bookmark: _Ref534957270]Observation 10: 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.
[bookmark: _Ref534957315]Proposal 8: Both rate-matching and puncturing should be considered to avoid changing TBS depending on the LBT outcome if multiple candidate starting positions within a PUSCH transmission are supported in NR-U.


[bookmark: _Ref534897262]Figure 5 Two options for enabling flexible starting positions (a) multiple mini-slot-based PUSCHs (b) multiple candidate starting positions within a scheduled PUSCH transmission

	Potential Issues/Impacts
	Option 1
	Option 2
	Memo

	More signaling overhead due to uplink grant(s)
	Yes
	No
	Can be mitigated by multi-TTI scheduling

	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 4. Comparison between two options for enabling flexible starting positions
In section 4.1, we consider the designs for using option 2
4.1. [bookmark: _Ref534897870] Multiple candidate starting positions within a PUSCH transmission
For both option 1 and 2, the ending position of the PUSCH is fixed as indicated by the UL grant. Thus when an UL grant schedules one PUSCH within a slot, the candidate starting positions are located within the same slot indicated by the UL grant. When an UL grant schedules contiguous PUSCHs, the UL grant can indicate the starting position of the first scheduled slot and the ending position of the last scheduled slot (similar to Rel-14 eLAA). In this case, since the ending position is for the last scheduled slot, the candidate starting positions can be configured across multiples scheduled slots. The candidate starting positions are configured by higher layer signaling	
[bookmark: _Ref534957285]Observation 11: When the UL grant schedules one PUSCH within a slot, the candidate starting positions are located within the same slot indicated by the UL grant. 
[bookmark: _Ref534957318][bookmark: _GoBack]Proposal 9: When the UL grant schedules contiguous PUSCHs, the ending position indicated by the UL grant only applies to the last scheduled slot (similar to multi-subframe scheduling in Rel-14 eLAA). 
[bookmark: _Ref534957322]Proposal 10: When the UL grant schedules contiguous PUSCHs, the candidate starting positions can be configured across multiples scheduled slots. 
[bookmark: _Ref534957327]Proposal 11: The candidate starting positions are configured by higher layer signaling.	
4.2.  Procedure for PUSCH transmission
In this section, we discuss the UE procedure for transmitting PUSCH in NR-U.
First the UE receives  
· the candidate transmission positions for the first PUSCH from higher layer signaling. 
· the time domain resource allocations of the scheduled PUSCH(s) from DCI.
Based on the higher layer signaling and DCI, the UE determines the candidate starting positions of the PUSCHs. Then UE performs LBT based on the following steps:
1. The UE performs LBT for the candidate starting positions of the first PUSCH. 
2. If LBT succeeds, the PUSCH(s) transmits immediately.
3. If LBT fails for all the candidate starting positions of the first PUSCH, the scheduled PUSCH is dropped. 
4. When the UL grant schedules contiguous PUSCHs and LBT succeeds in a starting position (starting position A) different from the starting position (starting position B, B≠A) indicated by UL grant, then the PUSCH is transmitted by shifting the PUSCH to the starting position A. 
· The duration of first transmitted PUSCH is the same as that indicated by UL grant (e.g., 7 or 14 symbols). The DMRS of the first PUSCH is a shifted version of the Rel-15 NR PUSCH DMRS.
· The second slot is a partial slot wherein its ending position is aligned with the slot boundary. The corresponding DMRS follows:
1. Option#1: the first N OFDM symbols of the scheduled PUSCH, where N is the duration of actually transmitted PUSCH.
2. Option#2: the last N OFDM symbols of the scheduled PUSCH, where N is the duration of actually transmitted PUSCH.
5. If LBT succeeds and the starting position of the PUSCH is the same as that indicated by UL grant, then the PUSCH is transmitted according to UL grant. 


Figure 6 PUSCH transmission for NR-U
[bookmark: _Ref534977518]Proposal 12: When the UL grant schedules contiguous PUSCHs, the duration of first PUSCH is fixed
· The first PUSCH starts from the candidate starting position where LBT passes.

5. Conclusion
In summary, we have the following observations:
Observation 1: Some candidate PRB-based interlace designs agreed in RAN1#94bis meeting do not satisfy the OCB requirement.
Observation 2: Channel multiplexing within an interlace can provide scheduling flexibility and performance improvement for NR-U operation.
Observation 3: Channel multiplexing within an interlace could relieve the constraints for interlace design imposed by OCB requirement.
Observation 4: Maximum power boosting could be achieved using PRB-based interlace design.
Observation 5: The disadvantage of NR PUCCH format 0/1 is the small payload size and poor UCI efficiency.
Observation 6: The disadvantage of NR PUCCH format 2/3 is that the UE multiplexing capacity is only one.
Observation 7: NR PUCCH format 3 has the same physical structure as NR PUCCH format 4 except for the number of supported RBs and UE multiplexing capacity.
Observation 8: UCI payload size, UCI efficiency, and UE multiplexing capacity can be taken into consideration for PUCCH design for NR-U.
Observation 9: 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 10: 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.
Observation 11: When the UL grant schedules one PUSCH within a slot, the candidate starting positions are located within the same slot indicated by the UL grant.
Based on these observations, we propose that
Proposal 1: The candidates of PRB-based interlace design should satisfy the OCB requirement.
Proposal 2: Channel multiplexing within an interlace should be considered for NR-U interlace design.
Proposal 3: PRB-based interlace design could be used to achieve maximum power boosting in NR-U UL transmission.
Proposal 4: Alt-1 “Same interlace spacing for all interlaces regardless of carrier BW” is supported for NR-U.
Proposal 5: For the PUCCH with interlace design, PUCCH formats for NR-U can be modified from NR PUCCH format 2 and 3.
Proposal 6: Legacy NR PUCCH format 0, 1, and 4 are not supported since the OCB requirement is violated.
Proposal 7: In NR-U, flexible starting positions for improving the resource utilization and increasing the channel access probability should be allowed for PUSCH transmission(s), and multiple candidate starting positions within a scheduled PUSCH transmission should be supported.
Proposal 8: Both rate-matching and puncturing should be considered to avoid changing TBS depending on the LBT outcome if multiple candidate starting positions within a PUSCH transmission are supported in NR-U.
Proposal 9: When the UL grant schedules contiguous PUSCHs, the ending position indicated by the UL grant only applies to the last scheduled slot (similar to Rel-14 eLAA).
Proposal 10: When the UL grant schedules contiguous PUSCHs, the candidate starting positions can be configured across multiples scheduled slots.
Proposal 11: The candidate starting positions are configured by higher layer signaling.
Proposal 12: When the UL grant schedules contiguous PUSCHs, the duration of first PUSCH is fixed
· The first PUSCH starts from the candidate starting position where LBT passes.
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