3GPP TSG RAN WG1 Ad-Hoc Meeting 1901						    R1-1900785
[bookmark: _GoBack]Taipei, Taiwan, 21st – 25th January 2019

Agenda Item:	7.2.2.1.3   
Source:	InterDigital Inc.
Title:	Design aspects of NR-U uplink signals and channels 
Document for:	Discussion 

[bookmark: _Ref490170658]Introduction
In WID [1] and TR 38-889 [2], the following design principles for physical uplink data channel (PUSCH) and physical uplink control channel (PUCCH) design were agreed: 
From WID:

· UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
· UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 

From TR 38.889:
Support for Rel-15 NR PUCCH formats can be considered, however, not necessarily all Release 15 NR PUCCH formats are applicable to NR-U. It has been identified that legacy PUCCH formats PF2 and PF3 are beneficial for NR-U for the scenario of contiguous allocations due to the fact that they may be configured with bandwidth that meets the minimum temporal allowance of 2 MHz (12/6/3 PRBs for 15/30/60 kHz SCS). It has been identified that legacy PUCCH formats PF0/1/4 are not well-suited for NR-U for the scenario of contiguous allocations since they support only single PRB.
When new block interlace waveform for PUCCH is to be defined, it is beneficial to use the same block interlace structure for PUCCH and PUSCH.
 
It has been identified that enhancement of one or more legacy PUCCH formats is feasible to support block interlaced PUCCH transmission. There is consensus that enhanced PUCCH with both short and long duration is beneficial for NR-U; however, no consensus has been achieved about which legacy PUCCH format(s) should be the starting point for an enhanced PUCCH design. Some sources suggest introducing just one or two new enhanced PUCCH formats, while other sources suggest enhancing all or almost all legacy PUCCH formats (PF0,1,2,3,4). Regardless of which format(s) is(are) chosen as a starting point for enhancement, the following common aspects have been identified as important to consider in the detailed design of the enhanced PUCCH format(s) when specifications are developed:

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)

	SCS
	M
	N

	15 kHz
	12
	8 or 9

	
	10
	10 or 11

	
	8
	13 or 14

	30 kHz
	6
	8 or 9

	
	5
	10 or 11

	
	4
	12 or 13

	60 kHz
	4
	6

	
	3
	8

	
	2
	12

	60 kHz (if 26 PRBs is supported in a 20 MHz bandwidth)
	4
	6 or 7

	
	2
	13

	
	3
	8 or 9



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).
Additional candidates have been identified, but consensus has not been achieved, e.g., (1) for carriers with bandwidth larger than 20 MHz, retain the same number of PRBs per interlace (N) for all interlaces regardless of carrier BW; (2) Partial interlace allocation. Detailed design can be further discussed when specifications are developed taking RF aspects into account.
It may be beneficial to apply restrictions on the use of DFT-s-OFDM in NR-U to avoid significant design efforts specific to operation in unlicensed spectrum.

In this contribution, we discuss our views on the PUSCH and PUCCH design aspects for NR-U.
PUSCH Design
The user multiplexing capacity with frequency domain multiplexing may be improved by assigning sub-RBs to one interlace instead of the whole cluster. This solution, however, may need non-negligible PHY impact (such as re-design of reference symbols) and procedural changes (such as multiplexing the UEs) to NR Release 15 since a RB has been defined as the minimum unit. 
To mitigate the standardization impact, interlacing defined on a sub-band (20 MHz) basis with possible interlace spacing discontinuity at edges of sub-band provides a scalable design with less standardization effort, i.e., Alt 1. 
In [2], several interlace design options were identified. In Table 2‑1, considering only one OFDM symbol and enabling both code-domain and frequency-domain multiplexing (the amount of the code-domain multiplexing may be limited to 12 because of the channel frequency selectivity), we compare the following parameters:
· : The maximum number of UEs that can be supported
· : The number of modulation symbols that can be utilized for each UE (i.e., the available degrees-of-freedom in frequency)
· ): The number of total modulation symbols flowing between UEs and gNB, 
· Power Factor (dB): The power factor that can be gained above PSD limitation. 




[bookmark: _Ref528833808]Table 2‑1 Comparison of interlace options
	
	M
	min(N)
	# of
FDMed UEs
	# of max
CDMed UEs
	
	
	
	Power Factor (dB)
	OCB
(kHz)

	15 kHz
	12
	8
	12
	12
	144
	96
	13824
	9.0
	15300

	15 kHz
	10
	10
	10
	12
	120
	120
	14400
	10.0
	16380

	15 kHz
	8
	13
	8
	12
	96
	156
	14976
	11.1
	17460

	30 kHz
	6
	8
	6
	12
	72
	96
	6912
	9.0
	15480

	30 kHz
	5
	10
	5
	12
	60
	120
	7200
	10.0
	16560

	30 kHz
	4
	12
	4
	12
	48
	144
	6912
	10.8
	16200

	60 kHz
	4
	6
	4
	12
	48
	72
	3456
	7.8
	15120

	60 kHz
	3
	8
	3
	12
	36
	96
	3456
	9.0
	15840

	60 kHz
	2
	12
	2
	12
	24
	144
	3456
	10.8
	16560



To mitigate the specification impact, we believe that the similar interlace structures, except the non-uniform interlaces, should be utilized for different subcarrier spacing values. To enable fast responses in the network, we also believe that an interlaced design for 60 kHz may also be needed. In addition, we have the following observations: 
· The design where min(N) = 13 for 15 kHz and min(N) = 12 for 30 and 60 kHz requires different interlaces for different subcarrier spacing. For the design where min(N)=12 for 15/30/60 kHz SCS could be another option which may decrease the specification impact. However, there is no agreement for 15 KHz SCS for min(N) = 12.
· The design where min(N) = 10 for 15, 30 kHz SCS is not scalable to 60 kHz SCS.
· For the design where min(N)= 8 for 15, 30, 60 kHz SCS, the number of users that can be supported is larger than that of the other designs, however the occupied channel bandwidth (OCB) is less than 16 MHz. The number of modulation symbols that can be utilized for each UE and power factor are smaller as compared to other designs as it uses less number of RBs. However, for the same reason, the reference symbol overhead is less as compared to other designs. In addition, for this design,  is an integer multiple of 32, which may facilitate the PUCCH design. For example, the coded block length is 32 for the linear block code for 2-11 bits in NR Release 15. 
[bookmark: _Hlk528939747]Proposal 1: NR-U should consider interlacing defined on a sub-band (20 MHz) basis with possible interlace spacing discontinuity at edges of sub-band 
Observation 1: Using similar interlace structure for various SCS values decreases the specification impact.
Observation 2: Min(N)=8 and M=12, 6, 3 for 15/30/60 kHz increases the number of supported UEs, respectively.
PUCCH Design
NR R15 introduced five different PUCCH formats. Each of these formats was optimized for specific use cases. As mentioned in [1], Rel-15 NR PUCCH formats 2 and 3 can be utilized with large bandwidths. On the other hand, we believe that NR-U operation should also strive to support different scenarios and applications, and therefore, RAN 1 should decide how the functionality of NR PUCCH formats can be extended for NR-U by considering block interlacing.
[bookmark: _Hlk528939765]Proposal 2: RAN1 should decide how to extend all NR PUCCH formats for NR-U by considering block interlacing.
Extending NR PUCCH Formats for Unlicensed Operation
[bookmark: _Hlk528859969]Proposed Principles
A categorization for the PUCCH formats for NR-U can take the multiplexing capacity, power efficiency, and payload as the main metrics into account. 
· For less than or equal to 2 bits, NR F0 and NR F1 can be extended to NRU-F0 and NRU-F1 with simple operations. The main design criteria are high-multiplexing capacity and high-power efficiency for reliable transmission as these formats can play significant roles for defining the cell coverage as mentioned in other contributions, e.g., [10]. While NRU-F0 can be based on 1-2 OFDM symbols, NRU-F1 can be extended to 14 OFDM symbols.
· Because of the block interlacing, the PAPR/CM of the correspond signals can be significantly high and the transmit power may need to be reduced due to the large MPR/A-MPR. On the other hand, large payload may also need to be transmitted in some NR-U cases. However, it may not be feasible to support both large payload and high-power efficiency at the same time due to the interlacing. Hence, one option is to compromise between the payload and power efficiency by designing two formats; 
· NRU F2: A format which supports moderate payload, e.g., 2-11 bits, and moderate multiplexing capacity with good power efficiency
· NRU F3: A format which supports large payload and moderate multiplexing capacity without the primary concern on the power efficiency
[image: ]
[bookmark: _Ref528881440]Figure 3‑1 A classification for NR-U PUCCH formats
[bookmark: _Ref528881700]The categorization above is illustrated in Figure 3‑1. The features of NRU-F0, NRU-F1, NRU-F2, and NRU-F3 can be as in Table 3‑1. In the following sections, we describe how to construct NRU-F0, NRU-F1, NRU-F2, and NRU-F3.

[bookmark: _Ref534908630]Table 3‑1 Extending NR R15 PUCCH formats to NR-U
	[bookmark: _Hlk528847311]
	NRU-F0
	NRU-F1
	NRU-F2
	NRU-F3

	Corresponding NR R15 Format
	F0
	F1
	F2
	F3, F4

	Structure
	FFS:
Option 1a: Sequence-based  
Option 1b: FDMed RS and UCI
	Based on NR-U F0
	OFDM
	OFDM

	# of bits
	≤2
	≤2
	FFS:
2-11 bits or >2
	>2

	# of Interlaces
	1
	1
	1
	1-M

	# of OFDM symbols
	1-2
	4-14
	FFS: 2 or 2-14
	2-14

	User Multiplexing
	Yes
	Yes
	Yes
	Yes

	Advantage
	Quick & reliable response for ACK/NACK & SR
	Coverage-limited cases for ACK/NACK & SR
	Coverage-limited scenarios & scenarios that require quick & reliable response
Moderate payload with moderate multiplexing capacity
	Large payload with moderate multiplexing capacity



[bookmark: _Hlk521571888]Extending Format 0/1 for Interlaced Resource Allocation (NRU-F0, NRU-F1)
NR F0/1 are well-designed formats for single RB to transmit ACK/NACK within one OFDM symbol, but it does not allow to increase the transmit power based on the regulatory PSD constraint (e.g., 10 dBm/MHz) in the unlicensed band [2]. Since interlaced resource allocation achieves immunity against multipath fading and allows the transmitter to increase the signal power under regulatory constraint, there is also a strong need for extending F0/1 based on the interlaced resource allocation as they determine the coverage of the network.
Design Options
The options which allows F0 to be extended to interlaced resource allocation are listed as follows:
· Option 1a: Interlaced F0 (and F1 with multiple symbols) with complementary QPSK sequences (sequence-based)
· The interlace is generated via spreading a QPSK complementary sequence pairs with another QPSK complementary sequence pair as shown in Figure 3‑2. The main benefit of this approach is that the PAPR of the corresponding signal is guaranteed to be less than or equal to 3 dB even though there are  PRBs located on interlaced resources. In addition, the spreading sequences that generate the interlaces, i.e., pair  and , does not need to be changed for different subcarrier spacing (e.g.,  kHz for ). In addition, it allows different the spacing the PRBs, i.e., , for different subcarrier spacing values without changing the PAPR. For example, if ,  and  and using 30 sequences given in [3], the PAPR is guaranteed to be less than or equal to 3 dB for 15 kHz, 30 kHz, and 60 kHz SCS. Therefore, Option 1 provides scalability naturally without introducing any complexity and performance loss. Because of availability of large number of complementary sequences, the correlation between any of the two sequences generated through complementary sequences can be reduced significantly. For example, well-known QPSK complementary sequences proposed in 1994 [5] can be utilized to design the sequence Set C and Set D [3].

[image: ]
[bookmark: _Ref528851935]Figure 3‑2 Option 1a (Sequence-based, PAPRdB)
· Option 1b: Interlaced Short PUCCH with complementary QPSK sequences (FMDed RS and UCI-based)
· Like Option 1a, Option 1b also exploits the existing complementary QPSK sequences. However, unlike Option 1a, each PRB is constructed based on the modulated and interleaved pair  and  ( and  are the QPSK symbols or reference symbols) since and the size of sequences  and  to be half of the PRB size, i.e., , as illustrated in Figure 3‑3. The lengths of the spreading sequences that generate the interlace, i.e., pair  and , are  in Option 1b. The sequence  and  spreads the sequence  and the sequence , respectively. For example, if , one design can be based on  and  and  and . By multiplying DFT-based OCCs with the   and , six UE can be supported on the same interlace, which is similar to the other options. Note that  interleaves the sequence  and the sequence  as .
[bookmark: _Ref528853463][image: ]
[bookmark: _Ref528856478]Figure 3‑3 Option 1b (FDMed RS and UCI, PAPRdB)                 
· Option 2a: Interlaced Short PUCCH with the sequences in Table 5.2.2.2-2 [4] and extra phase rotations (CM-first)
· This option reuses the existing NR sequences. It spreads the NR sequences to the interlace with a spreading sequence such that it minimizes the cubic metric (CM). The main drawback of this option, it requires a large set of spreading sequences to address different subcarrier spacings and different NR sequences.
· Option 2b: Interlaced Short PUCCH with the sequences in Table 5.2.2.2-2 [4] and extra phase rotations (PAPR-first)
· This option reuses the existing NR sequences. It spreads the NR sequences to the interlace with a spreading sequence such that it minimizes the peak-to-average-power ratio (PAPR). The main drawback of this option, it requires a large set of spreading sequences to address different subcarrier spacings and different NR sequences.
· Option 2c: Interlaced Short PUCCH with the sequences in Table 5.2.2.2-2 [4] with OCC cycling
· This option reuses the existing NR sequences. Instead of using phase rotations on each PRB, it applies an DFT-based OCC code for each PRB. The NR sequence on kth occupied RB in the interlace is multiplied with different OCC codes as a function of the occupied RB index. Therefore, the signal component located on each RB is cyclically shifted in time differently.
· Option 3: Interlaced Short PUCCH with the best Zadoff-Chu (ZC) Sequences
· In this option, all possible ZC sequences compatible with the interlace structure after cyclically padded are generated and 30 of them are selected based on the PAPR of the corresponding signals.
Simulation Results
We simulated options above for Short PUCCH design with 1-2 bits for interlaced resource allocation. As a demonstration, we compare PAPR, CM, co-channel interference performance for Option 1-3 when 15 kHz subcarrier spacing and 20 MHz channel bandwidth by using interlace assumptions given in [1]-[3]. 
· PAPR: In Figure 3‑4, the distribution of PAPR for different options are given. While the optimal spreading sequences for PAPR or CM for Option 2 (i.e., Option 2b and Option 2a) yields to maximum 5.3 dB and 5.7 dB PAPR, respectively, the best ZC sequences, i.e., Option 3, limits the PAPR to 6 dB. The PAPR is less than 6 dB for Option 2c. On the other hand, Option 1a/1b limit the PAPR to 3 dB and substantially improve the performance by 2.7 dB, 2.3 dB, 3 dB, and 3 dB as compared to Option 2a, Option 2b, Option 2c, and Option 3, respectively.
· Cubic metric: In Figure 3‑5, we compare CM distribution for the options. Like the results in Figure 3‑4, Option 1a/1b improves the CM performance by 0.9 dB, 1.8 dB, 0.7 dB, and 1.7 dB as compared to Option 2a, Option 2b, Option 2c, and Option 3, respectively.
· Co-channel Interference: In Figure 3‑6, we provide the peak cross-correlation results to quantify the co-channel interference. Option 3 fails since the maximum cross correlation reaches up to 0.95. The maximum peak-cross correlations are 0.715 and 0.8 for Option 1 and Option 2, respectively. Option 1 is superior to Option 2a/2b/2c and Option 3.
Unfortunately, both Option 2a,2b,2c and Option 3 cause dramatically high PAPR in case of interlaced resource allocation. For example, even with optimal phase rotations, the PAPR of the TX signal based on Option 2 will be higher than 5 dB. In addition, Option 2 and Option 3 are not scalable as they require different phase rotations for each subcarrier spacing, channel bandwidth, and sequence index. Our analysis also shows that maximum low-cross correlation can be high within the cluster for Option 3 as part of ZC sequence is mapped to one cluster. 
Observation 3: The PAPR [CM] of the sequence-based or FDMed RS and UCI-based PUCCH signals with interlaced allocation can be maintained less than or equal to 3 dB [1 dB] without changing the main concepts employed in NR Format 0/1
Proposal 3: Interlaced sequence-based should be adopted for NR-U to achieve quick and reliable responses such as ACK/NACK and SR in unlicensed bands as an extension of NR Format 0 and Format 1.
[image: ] 
[bookmark: _Ref510688374][bookmark: _Ref528856000][bookmark: _Ref510688412] Figure 3‑4 Comparison: PAPR                  
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[bookmark: _Ref528855974]Figure 3‑5 Comparison: Cubic metric
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[bookmark: _Ref510688487]Figure 3‑6 Comparison: Peak cross-correlation
[bookmark: _Hlk528939379]Proposal 4: Interlaced sequence-based PUCCH design should be based on the sets of QPSK sequences which maintain the PAPR of Short PUCCH signals similar to that of the Format 0 and Format 1 in NR R15.
Extending Format 2/3/4 for Interlaced Resource Allocation (NRU-F2 and -F3)
The PUCCH F2/3/4 in Rel 15 NR support various payload sizes with different user-multiplexing capacities. F2 and F3 can be re-used in NR-U without introducing any fundamental changes. However, when the encoded and modulated UCI bits are mapped to the RBs of an interlace, the PAPR/CM of the signal can be significantly high, which may cause spectral growth in out-of-band emission. To address this issue, one feasible approach is to design two formats which compromise between power efficiency and large payload, which leads NRU-F2 (power-efficiency-first) and NRU-F3 (payload-first).
[bookmark: _Ref528867832]A Design Option for NRU-F2

One simple design can exploit the cosets of the first order Reed-Muller RM(1,m) codes within the second or der RM codes in  to reduce the PAPR, i.e., less than 3 dB for medium payload [8]. For example, for a payload size of 2-11 bit, the transmitter diagram given in Figure 3‑7 can be considered as PA-efficient design.
[image: ]
[bookmark: _Ref528863644]Figure 3‑7 A potential design for NRU-F2 (11 bits/OFDM sym., 6 UEs/interlace/OFDM symbols, PAPR3 dB, CM 1 dB)
In this design, after the information symbols, i.e.,, converted to the symbols in , it is encoded with the RM code. The coded symbols  can be obtained after RM code by using the generator matrix  given in Appendix. The coded symbols  are then converted to QPSK symbols . Each modulation symbol is multiplied with one of the sequences in the complementary pair (. Like Option 1b, the sequences  and  can be chosen as  and . By using the OCC codes for the sequences  and , this scheme can transmit 2 to 11 bits and support 6 UEs per interlace, where the PAPR of the resulting signal is always less than or equal to 3 dB by exploiting the complementary sequences available in the literature. Note that  concatenates the modulated sequences  and .  
This scheme can support more than 11-bits along with OCC in time. It can be limited to 2 OFDM symbols or extended to 2 to 14 OFDM symbols to increase the payload.
[bookmark: _Ref528867833]A Design Option for NRU-F3
Another design option is to use several DFT-based OCC codes within one PRB in an interlace. For example, when DFT-based OCC length  is 6, each PRB in an interlace may include concatenated 2 OCC codes where each code support one modulation symbol as illustrated in Figure 3‑8. If  PRBs, this scheme can support 16 QPSK symbols/interlace with 6 UEs or 96 QPSK symbols/interlace with 1 UE in one OFDM symbol. As mentioned in [9], this scheme can cause large PAPR and CM. One solution is to use different OCC codes for different PRBs in an interlace. Our simulation results indicate that this solution decreases to PAPR for . For smaller OCC code lengths, the PAPR/CM of the corresponding signal is still high, i.e., around 8-14 dB. 
This scheme can support large payloads along with OCC in time. It can be used for 2-14 OFDM symbols.
[image: ]
[bookmark: _Ref528866629]Figure 3‑8 A potential design for NRU-F3 (16 or 96 QPSK symbols for 6 UEs/interlace/OFDM symbol or 1 UE/interlace/OFDM symbol, respectively)
Simulation Results
We consider the designs given in Section 3.2.3.1 and Section 3.2.3.2. The interlace structure is based on  PRB/interlace. We assume 15 kHz subcarrier spacing. Six UEs are multiplexed on the same interlace. The power amplifier (PA) is based on agreed polynomial model for NR [11]. The number of information bits is set to 11 bits for both schemes. While minimum distance decoder is utilized for the scheme introduced in Section 3.2.3.2, a successive cancellation-based decoder is employed for the scheme described in Section 3.2.3.1. To reduce PAPR for the scheme given in Section 3.2.3.2, OCC cycling is adopted.
· BLER: In Figure 3‑9, BLER performance is given for TDL300A and TDL-30A. The design for NRU-F2 and the design for NRU-F3 perform similar under the same PA impairment although a successive cancellation-based decoder used for the scheme given in Section 3.2.3.1.
· PAPR: In Figure 3‑10, PAPR for both schemes are given. While the design for NRU-F3 reduces the maximum PAPR to 10 dB, the design for NRU-F2 shows remarkable performance improvement in terms of PAPR. The gain over NRU-F3 is 7 dB in terms of PAPR.
· OOB Emission: Figure 3‑11 provides the out-of-band (OOB) emission before/after the PA. The scheme designed for NRU-F2 is robust to PA impairments. On the other hand, the scheme discussed in Section 3.2.3.2 causes significant OOBE and does not satisfy IEEE 802.11 spectral emission mask.
[bookmark: _Hlk528939237]Proposal 5: NR PUCCH Format 2, Format 3, and Format 4 should be extended with the consideration of PAPR/CM mitigation methods for NR-U and the extension should consider OCC in time and frequency.
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[bookmark: _Ref528877603]Figure 3‑9 Comparison: BLER (11 information bits)  
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[bookmark: _Ref528878053]Figure 3‑10 Comparison: PAPR (11 information bits)  
[image: ]
[bookmark: _Ref528878325]Figure 3‑11 Comparison: OOB emission after PA (11 information bits)  
Conclusions
In this contribution, we discussed our views about NR-U UL channel design and presented the followings:
Proposal 1: NR-U should consider interlacing defined on a sub-band (20 MHz) basis with possible interlace spacing discontinuity at edges of sub-band 
Observation 1: Using similar interlace structure for various SCS values decreases the specification impact.
Observation 2: Min(N)=8 and M=12, 6, 3 for 15/30/60 kHz increases the number of supported UEs, respectively.
Proposal 2: RAN1 should decide how to extend all NR PUCCH formats for NR-U by considering block interlacing.
Observation 3: The PAPR [CM] of the sequence-based or FDMed RS and UCI-based PUCCH signals with interlaced allocation can be maintained less than or equal to 3 dB [1 dB] without changing the main concepts employed in NR Format 0/1
Proposal 3: Interlaced sequence-based should be adopted for NR-U to achieve quick and reliable responses such as ACK/NACK and SR in unlicensed bands as an extension of NR Format 0 and Format 1.
Proposal 4: Interlaced sequence-based PUCCH design should be based on the sets of QPSK sequences which maintain the PAPR of Short PUCCH signals similar to that of the Format 0 and Format 1 in NR R15.
Proposal 5: NR PUCCH Format 2, Format 3, and Format 4 should be extended with the consideration of PAPR/CM mitigation methods for NR-U and the extension should consider OCC in time and frequency.
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Appendix: Generator Matrix
 G = [1     0     0     0     0     0     0
      1     0     0     0     1     0     0
      1     0     0     1     0     0     0
      1     0     0     1     1     1     1
      1     0     1     0     0     0     0
      1     0     1     0     1     0     0
      1     0     1     1     0     0     1
      1     0     1     1     1     1     0
      1     1     0     0     0     0     0
      1     1     0     0     1     0     0
      1     1     0     1     0     1     0
      1     1     0     1     1     0     1
      1     1     1     0     0     1     1
      1     1     1     0     1     1     1
      1     1     1     1     0     0     0
      1     1     1     1     1     1     1].’
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