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1. Introduction
In the previous meetings, RAN1 discussed the possible design on physical UL channel in the unlicensed spectrum and made some agreements summarized in [1].
In this contribution, we focus on the remaining design of the UL channel in NR-U.

2. Discussion
1.1. Interlace design
Wideband operation
On interlace design for wideband operation, the following agreement is made in RAN1 #94bis [2]:

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).

Besides, a LS is sent to RAN4 for evaluating potential needs for new requirements within a carrier when the carrier spans multiple LBT sub-bands [3]. So RAN4 will determine if there is need to have guard bands at the edges of each “LBT sub-band” and how much is required. 
For NRU operation in a carrier whose bandwidth larger than 20MHz (e.g., 80MHz), if guard band is identified as needed by RAN4, the PRBs in the guard band couldn’t be used if LBT succeeds in one LBT sub-band only.  On the other hand, the guard band between two adjacent 20MHz LBT sub-band can still be used if LBT for both sub-bands succeed. This is beneficial for UL transmission to increase the spectrum efficiency. For example, one UE could be scheduled with wider bandwidth larger than 20MHz and it could use the guard band PRB when two adjacent 20MHz sub-bands are detected as idle. In traditional interlace design, the interlace design always ignore the guard band, e.g. only 100PRBs out of 110PRBs included in LAA interlace design. For NRU wideband operation, the in-carrier guard bands may be used as we discussed above. Therefore, including guard band PRB in the definition of one unified interlace structure is beneficial for wideband operation. 
Proposal 1: Inclusion of guard band PRBs in interlace structure design is needed for NRU wideband operation (>20MHz) if RAN4 identifies there is need to have guard band inside the carrier.
Sub-PRB interlace design
On interlace design for 60KHz SCS, the following agreement is made in RAN1 #94bis [2]:
Agreement:

Capture the following in TR 38.889

· Both PRB and sub-PRB interlacing for 60 kHz have been studied. For sub-PRB interlacing the following aspects have been considered:

· Power boosting potential depending on resource allocation size

· PUSCH DMRS configuration aspects

· Channel estimation performance

· Number of REs per interlace unit
In our companion contribution [4], we make analysis for sub-PRB level interlace design for 60kHz SCS from the aspects of interlace design, power boosting, reference signal design, channel estimation and resource allocation. We think that sub-PRB level interlace design for 60kHz SCS might do more harm than good. In addition, it has been identified that the benefits to operating all UL signal/channels with the same numerology for a carrier and at least for intra-band CA on serving cells on unlicensed bands. In NR Rel-15 preamble formats design, the supported SCS is either 15kHz or 30kHz for short formats in FR1. Therefore, to avoid significant specification impacts, we make the following proposal 
Proposal 2:  Sub-PRB level interlace is not supported for NRU operation.
Support of DFT-S-OFDM waveform 
Rel-15 NR uses CP-OFDM as the baseline uplink transmission scheme with the possibility for complementary DFT-S-OFDM. The reason of DFT-S-OFDM is to reduce the cubic metric and obtain a higher power-amplifier efficiency. But the use of DFT-S-OFDM also has several drawbacks, including symmetry between downlink and uplink, complexity for spatial multiplexing (“MIMO”) receivers as well as resource allocation restriction. DFT-S-OFDM implies shceduling restriction only contiguous allocation in the frequency domain are possible. And to reduce the complexity of DFT process, the number of allocated PRBs should be integer multiples of 2^n1*3^n2*5^n3.
In NR-U, for UL waveform for PUSCH, PUCCH, and PRACH, it has been identified that an interlaced waveform can have benefits in some scenarios including link budget limited cases with given PSD constraint, and as one option to efficiently meet the occupied channel bandwidth requirement. Interlace design will decrease the merit of low PAPR of DFT-S-OFDM waveform. Moreover, additional restriction on the interlace design in terms of PRB number within each interlace is required to achieve DFT-S-OFDM. In the last meeting, it was agreed 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. If DFT-S-OFDM is supported, some candidates marked in yellow cannot meet requirement of integer multiples of 2^n1*3^n2*5^n3.
	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 (assuming 26 PRBs is agreed by RAN4 in a 20 MHz bandwidth)
	4
	6 or 7

	
	2
	13

	
	3
	8 or 9


For PUCCH design, in NR Rel-15, it is known that short PUCCH only supports CP-OFDM while long PUCCH only supports DF-S-OFDM. The motivation is that DFT-S-OFDM has the benefit of low PAPR for long PUCCH, but for short PUCCH which is sequence based or FDMed between UCI and DMRS, the merit of PAPR reduction decreases. To reduce the number of options to specify, Rel-15 only specified one waveform for short or long PUCCH.
In NR-U, the PAPR reduction decreases when interlaced structure is introduced. On the other hand, DFT-S-OFDM is used in the coverage limited scenario because it has relatively lower PAPR and thus requires less power backoff when localized PRB allocation is adopted. Considering the transmit power limitation per device according to the regulation, it is not necessary for UE to use DFT-S-OFDM over bandwidth larger than 20MHz.
In general, in NR-U, for DFT-S-OFDM waveform, the merit of PAPR reduction decreases, introducing additional restriction on the interlace design and implementation complexity, therefore, we make the following proposal.
Proposal 3: For NR-U standlone operation, DFT-S-OFDM waveform is not supported.
1.2. PRACH design
Rel-15 NR supports 13 preamble formats with different sequence lengths and configurable SCSs. The SCS is either 1.25kHz or 5kHz for long formats with sequence L=839 while 15/30/60/120 kHz are supported for short ones with L=139. One regulatory requirement commonly considered in unlicensed spectrum is OCB, which should be larger than 80% of the Nominal Channel Bandwidth for sub-7 GHz NR-U frequency. Apparently, the PRACH mechanism supported in the licensed band cannot fulfill the OCB requirement.

In the following sections, we discuss different PRACH transmission schemes and provide some simulation results.

1.2.1 OCB regulation
If RAN1 agrees that UE is not forced to meet OCB requirement when transmitting PRACH, given that during a COT device may operate temporarily with an Occupied Channel Bandwidth of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz during a COT, PRACH transmission occupying frequency range wider than 2 MHz bandwidth can be transmitted directly without further enhancement. 

In Table 1, we summarize the bandwidth for each PRACH format. It can be noted that if multiple Msg.1 transmissions in frequency domain are not supported, format 0,1,2 can be excluded in NR-U. Furthermore, format 3 can also be excluded if it is necessary to ensure the same SCS for PRACH and other UL transmission.

Table 1. Bandwidth of RO in FR1
	
	length
	SCS
	Bandwidth of an RO

	Long: format 0,1,2
	839
	1.25kHz
	1.08MHz

	Long: format 3
	839
	5kHz
	4.32MHz

	Short: A,B,C
	139
	15kHz
	2.16MHz

	Short: A,B,C
	139
	30kHz
	4.32MHz


If the OCB requirement is mandatory for PRACH transmission, several options can be considered: 

· Opt.1 Multiple msg1 transmissions in frequency domain 

· Opt.2 Interlace based PRACH transmission
On top of the legacy single Msg1 scheme, opt.1 allows a specific number of simultaneous Msg1 instances which occupy a wider frequency range to meet the OCB requirement. Since FDM’ed RO and 1-to-multiple SSB-RO mapping have already been supported in NR Rel.15, the multiple FDMed msg1 transmissions mechanism can be easily supported in the physical layer by using Rel.15 PRACH configuration.
One potential concern arising from the FDMed Msg1 repetition would be a lower PRACH capacity. Another concern is that in some conditions the largest gap between two ROs in legacy PRACH configuration still cannot meet the OCB requirement. For example, if prach-FDM=8, preamble length=139 and preamble SCS =15kHz, the total bandwidth of 8 RO is 8.64MHz, less than 80% of the nominal channel bandwidths. As RAN2 has already agreed that PRACH may be enhanced by additional opportunities, e.g., in time or frequency domain, these issues can be solved by configuring denser RACH time instances and expanding frequency range of FDM’ed ROs. 

	RAN2 agreements: 
RACH General and 4-step [5]
R2 assumes that RACH may be enhanced by additional opportunities, e.g., in time or frequency domain, FFS which messages the additional opportunities apply to.


For example, in the unlicensed band, consider a frequency-discrete RO configuration that allows a gap between two neighboring ROs in the frequency domain. The gap should be carefully chosen to make sure that the OCB requirement can be sufficiently fulfilled. In opt.2, one leading idea is that RB level interlace structure is a useful enhancement that eases the UE multiplexing and power boosting for UL transmission. However, as is shown in in 2.2.3, PRACH detection performance of B-IFDMA severely deteriorates when suffering from interference. 
Based on the above analysis, opt.1 is straightforward and requires minor changes to the RAN1 spec.

Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.
Proposal 4: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band.

Proposal 5: If it is allowed that PRACH can be transmitted without meeting the OCB regulatory, some PRACH formats can be excluded, e.g., format 0,1,2,3.
1.2.2 Blockage issue
Timing advance mechanism is used to control UL transmission by NW, which instructs UE to transmit the UL signal in advance to compensate the propagation delay so that the orthogonality across simultaneous uplink transmissions can be guaranteed. The timing advance offset is proportional to the distance between UE and gNB, which means that for the UE far from the base station, a larger TA value is required.

The only exception is the transmission of PRACH where there may be no valid information for uplink synchronization, and UE shall assume that timing advance is zero. Guard period is needed to handle the uncertain PRACH transmission delay. However, for the random access attempts using a PRACH format without GP, e.g., A1, if they are transmitted on the last RO within a PRACH slot, then at least one OFDM symbol following the RO must be left empty. In this case, the blank symbol can serve as guard period to avoid ISI between PRACH and its following symbols not used for random access. 
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Figure 1. Blockage between PRACH and PUSCH
However, there is also a possibility that PRACH transmission is prevented by the FDMed PUSCH transmission. PUSCH transmission is signaled in advance compared with the multiplexed PRACH, but it may fall into the monitoring region for PRACH occasion. To be more specific, if the cell-edge UE who intends to transmit PRACH is in proximity to the one who attempts to transmit PUSCH, the timing advance offset could be larger than the time for RX-TX switching required by UE so that there would be overlapping between PUSCH transmission and the LBT window for PRACH.

Furthermore, if the overlapping part is longer than the 4us, the nominal channel will be claimed as busy within a specified period under the UL channel access rules. As a result, UE has to continue assessing  PRACH resources, and the selected RACH occasion becomes unavailable. An example of this case is shown in Figure 1, where both CP and part of PUSCH are included in LBT1 for Msg1.

Considering that the cell coverage required in NR-U may be relatively small compared with that of licensed spectrum, short PRACH formats and 15kHz/30kHz can be considered as baseline. The rx2tx gap requirements defined by RAN4 are 13us and 7us respectively for FR1 and FR2. The values of maximum TA typically increase with the cell radius supported by those PRACH formats and are summarized in Table 3. Note that the overlapping part larger than 4us can easily occur in case A3, B4, C0 and C2, resulting in the blockage of  PRACH. 
Table 2. UE Rx/Tx Transition Times
	Transition/FR
	FR1
	FR2

	TRX2TX
	13s
	7s

	TTX2RX
	13s
	7s


Table 3. Maximum TA values and length of the overlapping part
	
	Path 

profile 
(us)

	GP
	RACH SCS=15kHz
	Overlapping part
	RACH 

SCS=30kHz
	Overlapping part

	
	
	
	Radius

(m)
	Max TA


	Max TA

-13us
	Max TA

-7us
	Radius

(m)
	Max TA


	Max TA

-13us
	Max TA

-7us

	A1
	3.13 
	0
	938
	6.25us
	/ Note1
	/
	469
	3.13 us
	/
	/

	A2
	4.69 
	0
	2,109
	14.06us
	1.06us
	7.06us
	1054.5
	7.03 us
	/
	0.03us

	A3
	4.69 
	0
	3,516
	23.44us
	10.44us
	16.44us
	1758
	11.72us
	/
	4.72us

	B1
	3.13 
	72
	469
	3.13us
	/
	/
	234.5
	1.56us
	/
	/

	B2
	4.69 
	216
	1,055
	7.03us
	/
	0.03us
	527.5
	3.52 us
	/
	/

	B3
	4.69 
	360
	1,758
	11.72us
	/
	4.72us
	879
	5.86 us
	/
	/

	B4
	4.69 
	792
	3,867
	25.78us
	12.78us
	18.78us
	1933.5
	12.89us
	/
	5.89us

	C0
	4.69
	1096
	5300
	35.33us
	22.33us
	28.33us
	2560
	17.67us
	4.665 us
	10.665us

	C2
	4.69
	2916
	9200
	61.33us
	48.33us
	54.33us
	4600
	30.67us
	17.665us
	23.665us


Note1: In this case, the PUSCH part transmitted before PRACH is covered by UE Rx/Tx transition period so it won’t disrupt the assessment for the availability of PRACH channel.
In order to eliminate the blockage issues, additional gaps in time domain between PRACH and PUSCH may be needed, leading to lower resource efficiency. However, in the case of B-IFDM where the PRACH and PUSCH are at least partially overlapped, the blockage may be imperative if the cell coverage is large. If only small cell, e.g. less than 400m, is considered in NR-U, the PUSCH part transmitted before PRACH will be covered by UE Rx/Tx Transition period and the B-IFDM scheme is still possible.

Observation 2: The PUSCH tranmission may block its FDMed PRACH transmission.
Observation 3: Multiplexing of PRACH and PUSCH with B-IFDM structure may still be possible in NR-U deployment if the cell size is small. 
1.2.3 Evaluation of PRACH
To further evaluate the performance of these PRACH transmission scheme, we provide some simulation results, where the miss detection rate is evaluated under different interference levels. The simulation assumptions are given as below.
Table 4.  Simulation Assumptions
	Attributes 
	Values or Assumptions 

	Carrier Frequency 
	5GHz; 

	Subcarrier spacing
	15kHz; 

	Bandwidth
	20MHz/106RBs

	Channel model
	TDL-A; delay spread=100ns; 

Low correlation

	UE speed
	3km/h;

	gNB antenna number
	2

	UE antenna number
	1

	PRACH format
	Format A1

	B-IFDM scheme
	8 interlaces, each consisting of 12 RBs

	FDM Msg1 repetition
	2

	Interference UE
	-3/0/3dB compared with target UE

Subcarrier spacing: 15kHz

Bandwidth: 20MHz/106RB, whole bandwidth.

Modulation: 16QAM
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Figure 2. Comparison of B-IFDM, normal PRACH, and FDM Msg1 repetition 

As shown in the simulation results above, the performance of B-IFDM based PRACH is slightly worse than the normal PRACH mapping when there is no interference. However, with the increment of the interference level, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH mapping. In B-IFDM, the PRACH sequence is mapped in a non-consecutive manner throughout channel bandwidth, and the auto-correlation property cannot be guaranteed, especially when the level of interference is close to or even higher than the received PRACH signal power observed at the gNB, which is a typical scenario in unlicensed spectrum. Therefore, the continuous resource allocation for PRACH should be adopted to guarantee the detection performance of PRACH in unlicensed spectrum.
Based on the above discussion, multiple FDMed Msg1 is a better choice as it provides better miss-detection performance and requires minor spec changes.
Observation 4: With the interference strengthening, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH.
Proposal 6: Multiple FDMed Msg1  is preferred to ensure the detection performance of PRACH in NRU. 
1.3. PUCCH design

In the standalone or dual connectivity operation, the PUCCH transmission over unlicensed carrier should be supported. UCI such as ACK/NACK, SR, and CSI can be transmitted in the PUCCH. In NR, both short duration PUCCH and long duration PUCCH are supported. Considering the benefits of transmission of HARQ A/N for the corresponding data in the same shared COT and coverage enhancement, both short and long PUCCH formats should be supported for NR-U. 

In addition, the PUCCH resources are semi-statically configured per BWP. In the unlicensed spectrum, regulations regarding the occupied channel bandwidth (OCB) should be complied with. In order to fulfill the 80% OCB (in 5GHz) requirement, interleaved frequency domain resource allocation for PUCCH should be enabled. Since NR PUCCH format 0/1/4 only support one PRB and format 2/3 can be configured with multiple PRBs, PUCCH format 0/1/4 are not suitable to be supported to fulfill the minimum OCB requirement. 

Note that PUCCH format 2/3 are used for UCI information with more than 2bits, if NR-U only supports PUCCH format 2/3 since in most cases UE will transmit more than 2bits HARQ-ACK due to the uncertainty of LBT result, new scheme to transmit SR or HARQ-ACK with no more than 2bits needs to be considered. In the last meeting, several options to transmit small payload UCI via format 2/3 are summarized. In our view, for the simplicity, zero padding for PUCCH format 2/3 can be considered to transmit SR or HARQ-ACK with no more than 2bits.

Proposal 7: For NR-U, only PUCCH formats 2 and 3 are supported.

· Zero padding for PUCCH format 2/3 can be considered to transmit SR or HARQ-ACK with no more than 2bits.
To fulfill the regulation requirement for OCB, the semi-statically configured PUCCH resources should occupy 80% UE nominal channel bandwidth. However, since BWP is introduced in NR, and UE is only allowed to transmit within an active UL BWP unless switched by the network, therefore the UL active BWP can be viewed as the maximum UE nominal channel bandwidth. In this case, the PUCCH resource should be allocated in an interlaced manner to occupy 80% of the IDLE channels within the UL BWP, where the IDLE channels are the multiple 20MHz sub-bands which are detected as IDLE via LBT. 

In addition, the length of the short PUCCH is 1 or 2 OSs, and the length of the long PUCCH is 4-14 OSs. Even for 15 kHz SCS, the long PUCCH will not exceed 1 ms. For other larger SCS with 2n x 15 kHz (n >1), the duration of the PUCCH will be reduced to less than or equal to 1/2n ms. Therefore, it is possible to apply higher channel access priority to the PUCCH, e.g., one-shot LBT, especially when the UE shares the MCOT with the gNB. 
Proposal 8: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.

1.4. SRS design

In NR licensed, SRS spans 1/2/4 consecutive symbols which are mapped within last six symbols of the slot. Although SRS using comb structure has already some power boosting gain for NRU, multiplexing of other channels (e.g., PUCCH and PUSCH) between different UEs is difficult if SRS doesn’t use interlaced structure while other channels are interlaced. Therefore, it is beneficial to have interlaced waveform for SRS and has a unified structure with other channels such as PUCCH, PUSCH and etc.
Proposal 9: NRU SRS should support interlaced waveform and align with a unified structure with other channels such as PUCCH and PUSCH to enable UE multiplexing. 

On the other aspect, SRS configuration in NR licensed spectrum is UE specific and could be periodic, semi-persistent, and aperiodic. For NRU operation, aperiodic SRS transmission is more suitable due to opportunistic transmission subject to LBT requirement. Another reason is that aperiodic SRS is triggered by DL DCI, where the COT could be obtained by gNB and only one shot LBT is needed for SRS transmission. This will be quite helpful for multiplexing of different UEs’ SRS transmission.
Proposal 10: Aperiodic SRS transmission is preferred for NRU operation. 
1.5. Text Proposal

For PUCCH formats, it has been identified that certain Rel-15 NR PUCCH formats doe not meet the minimum bandwidth requirement by reguation. We propose to point out this PUCCH formats. 

	*************************************text proposal 1*****************************************

7.2.1.2
Physical layer channel designs
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 is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation, e.g. PUCCH format 0, 1 and 4. Exclusion of the support of certain formats is to be identified. 
*************************************text proposal 1*****************************************


For PRACH formats, it has been identified that certain Rel-15 NR PRACH formats doe not meet the minimum bandwidth requirement by reguation. We propose to point out this PRACH formats. 

	*************************************text proposal 2*****************************************

7.2.1.2
Physical layer channel designs
Support for Rel-15 NR PRACH formats can be considered, however, not necessarily all Release 15 NR PRACH formats are applicable to NR-U. It is RAN1's understanding that certain formats do not meet the minimum bandwidth requirement by regulation, e.g. PRACH format 0, 1, 2 and 3. Exclusion of the support of certain formats is to be identified. 

*************************************text proposal 2*****************************************


UE can also meet the occupied channel bandwidth by regulation by sending multiple FDM’ed Msg1, so we propose to add the option as a potential solution in addition to the interlace scheme for PRACH.
	*************************************text proposal 3*****************************************

7.2.1.2
Physical layer channel designs
For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH.
On the other hand, for scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH.

Moreover, multiple FDM’ed Msg1s can also meet the OCB regulatory, each with contiguous allocation.
*************************************text proposal 3*****************************************


In the previous meeting, some companies observed that B-IFDMA could cause a blockage issue between PRACH and other UL. Furthermore, we found that the PRACH detection performance of B-IFDM is sensitive to interference. Some descriptions should be added accordingly since these observations are correct and need be carefully studied for B-IFDMA.
	*************************************text proposal 4*****************************************

7.2.1.2
Physical layer channel designs
It is identified that interlaced based PRACH can be beneficial. The following aspects can be considered for Interlace waveform based PRACH design for 4-step random access:

-
Interlacing based on PRB or REs

-
Targeted cell sizes

-
Targeted PRACH capacity

-
Targeted false alarm and detection rates

-
Targeted timing estimation accuracy

-
Number of formats

-
Multiplexing with other channels such as block interlaced PUCCH and PUSCH

For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH

On the other hand, for scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
It has been identified that if the PRACH and PUCCH/PUSCH are FDMed, the blockage between PUSCH/PUCCH and PRACH may occur.
It has also been identified that with the increment of the interference level, the performance of block-interlaced PRACH deteriorates dramatically compared with the frequency contiguous PRACH. 

*************************************text proposal 4*****************************************


Also, we propose to add the comparison of different PRACH transmission scheme into one additional appendix for reference.
	*************************************text proposal 5*****************************************

Annex B: Evaluation results for PRACH

The reference for evaluation for B-IFDM, normal PRACH, and FDM Msg1 repetition is shown as below. The detail link level simulation parameters are shown in Table x.

Table x.  Simulation Assumptions
Attributes 
Values or Assumptions 
Carrier Frequency 

5GHz; 
Subcarrier spacing
15kHz; 
Bandwidth
20MHz/106RBs
Channel model
TDL-A; delay spread=100ns; 

Low correlation
UE speed
3km/h;
gNB antenna number
2
UE antenna number
1
PRACH format
Format A1
B-IFDM scheme

8 interlaces, each consisting of 12 RBs

FDM Msg1 repetition
2
Interference UE

-3/0/3dB compared with target UE

Subcarrier spacing: 15kHz

Bandwidth: 20MHz/106RB, whole bandwidth.

Modulation: 16QAM
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Figure. X Comparison of B-IFDM, normal PRACH, and FDM Msg1 repetition

*************************************text proposal 5*****************************************


In current TR, there is no discussion on SRS transmission. Therefore the following text proposals are made according to discussion in 2.4:

	*************************************text proposal 6****************************************

7.2.1.2
Physical layer channel designs
For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH & SRS.

It has also been identified that aperiodic SRS transmission is more suitable for NRU operation due to LBT requirement.
*************************************text proposal 6**************************************


For wideband operation, guard band PRB should also be considered according to discussions in section 2.1. The following text proposal is made as below:

	*************************************text proposal 7*****************************************

7.2.1.2
Physical layer channel designs
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).

Moreover, inclusion of guard band PRBs in interlace structure design is needed for NRU wideband operation (>20MHz) if RAN4 identifies there is need to have guard band inside the carrier.
*************************************text proposal 7***************************************


For 60KHz interlace design, since it is not agreed by RAN4 that 26PRBs in a 20MHz bandwidth, the following text should be removed from the TR.
	*************************************text proposal 8*****************************************

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








*************************************text proposal 8*****************************************


Proposal 11: Adopt the above text proposal in TR 38.889. 
3. Conclusion

In this contribution, we focus on the design of PUSCH and PRACH in NR-U spectrum, and have the following observations and proposals:
Observation 1: Msg1 repetition in frequency domain is a straightforward way to meet OCB requirement and requires minor RAN1 spec efforts.
Observation 2: The PUSCH tranmission may block its FDMed PRACH transmission. 
Observation 3: Multiplexing of PRACH and PUSCH with B-IFDM structure may still be possible in NR-U deployment if the cell size is small.
Observation 4: With the interference strengthening, the performance of B-IFDM based PRACH deteriorates dramatically compared with the normal PRACH.
Proposal 1: Inclusion of guard band PRBs in interlace structure design is needed for NRU wideband operation (>20MHz) if RAN4 identifies there is need to have guard band inside the carrier.
Proposal 2:  Sub-PRB level interlace is not supported for NRU operation.
Proposal 3: For NR-U standlone operation, DFT-S-OFDM waveform is not supported.
Proposal 4: Long PRACH formats are needed only if a few tens of kilometres coverage is expected in unlicensed band.
Proposal 5: If it is allowed that PRACH can be transmitted without meeting the OCB regulatory, some PRACH formats can be excluded, e.g., format 0,1,2,3. 
Proposal 6: Multiple FDMed Msg1  is preferred to ensure the detection performance of PRACH in NRU.
Proposal 7: For NR-U, only PUCCH formats 2 and 3 are supported.
Proposal 8: Resource allocation and channel access scheme for PUCCH in unlicensed spectrum should be studied.
Proposal 9: NRU SRS should support interlaced waveform and align with a unified structure with other channels such as PUCCH and PUSCH to enable UE multiplexing. 



 REF PPsrs2 \h 
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Proposal 10: Aperiodic SRS transmission is preferred for NRU operation.

Proposal 11: Adopt the above text proposal in TR 38.889.
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