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1 Introduction
In RAN1#94 meeting [1], the following agreement were reached:
Agreement:
· 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
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH
Agreement:
· From a RAN1 perspective it has been identified that supporting a non-uniform interlace structure in which the number of PRBs per interlace is allowed to be different for different interlaces is beneficial from a spectrum utilization point of view
· FFS: Exact number of PRBs per interlace for supported value(s) of M and N
· Note: M is the number of interlaces and N is the nominal number of PRBs per interlace in a given bandwidth
· FFS: Whether or not there are issues in the interlace design in the resource allocation to 2^n1*3^n2*5^n3 in the case of DFT-s-OFDM

And in RAN1#94b meeting [2], the following agreement were reached:
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

In this contribution, we discuss on the interlace design of uplink signals and channels for NRU. It is the revision of R1-1810811.
2 PUSCH
As agreement says, block-interlaced waveform is identified beneficial for PUSCH/PUCCH transmission. For NRU, one of issue is the uplink waveform that two waveforms are adopted in NR uplink. One of them is CP-OFDM and the other is DFT-s-OFDM. In case of DFT-s-OFDM, the number of allocated subcarriers is restricted on the form of 2^n1*3^n2*5^n3 which is beneficial for fast algorithm. DFT-s-OFDM has lower PAPR and CM comparing with OFDM, and lower CM is beneficial to PA implementation to improve uplink coverage with smaller power back off. For LAA, DFT-s-OFDM is adopted as uplink waveform and allocation of length 7 in one cluster is excluded as it has prime factor 7 which is out of 2, 3 and 5. As for 15KHz SCS when M = 10, we have N = 10 or 11. Prime factor 11 is also out of 2, 3 and 5 that is not friend to DFT implementation and should not be allowed for DFT-s-OFDM directly. In this case, there are 3 options listed below,
Option 1: Only CP-OFDM is adopted as uplink waveform in NRU.
Option 2: Both CP-OFDM and DFT-s-OFDM are adopted as uplink waveform in NRU when N = 10. And Only CP-OFDM can be adopted only when N = 11.
Option 3: Both CP-OFDM and DFT-s-OFDM are adopted as uplink waveform in NRU when N = 10 or 11. And DFT-s-OFDM could be enhanced when N = 11.
As DFT-s-OFDM has beneficial on CM that may improve uplink coverage, it should be consider. When uplink PUSCH interlaced structure has 11 RBs, whether or not to support DFT could be studied. At least for the number of RB allocation that allowed for DFT transform, DFT-s-OFDM should be supported.
Proposal 1: Both CP-OFDM and DFT-s-OFDM are adopted as uplink waveform in NRU. At least for the number of RB allocation that allowed for DFT transform, DFT-s-OFDM should be supported.
3 PUCCH
For NR PUCCH format 0, 1 and 4, the allocated number of RB is one. One way to enhance PUCCH for NRU is interlaced waveform like PUSCH. For example in 15KHz subcarrier spacing, the allocated resource unit of PUCCH is one interlace consisting of 10RBs. As figure 2 shows, to repeat 1RB into 10RBs, the CM (Cubic Metric) will raise enormously. 
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Fig 1. CM of PUCCH with 1RB and repeated 10RB
To reduce CM of interlaced PUCCH, spread can be involved. For data transmission as PUCCH format 4, spread can be done in bit level before scrambling and RB level after DFT processing. Bit level spreading before scrambling allows user multiplexing with the same scramble sequence and from point of channel coding and rate matching, it is just a way to reduce channel coding rate and rate match to the coded bits specifically where this rate matching could be orthogonal with each other. RB level spreading after DFT can use low CM sequence as spreading code. Spreading 1 RB into 10 RB in frequency domain is the convolution operation which is effectively multiplication in time domain. The lower CM of spreading sequence will lead to lower CM of final signals. Meanwhile, larger SF in PUCCH format4 can be adopted in bit level spreading to multiplex more users for PUCCH transmission as the number of RB is increased from 1 to 10.
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Fig 2. CM of spreading of PUCCH
Figure 2 shows the CM simulation of two spreading method of one interlace of PUCCH. Bit level spreading with same scramble sequence has lower CM than RB level spreading in average. 
Proposal 2: Bit level rate matching with larger SF could be adopted for PUCCH format 4 enhancement in NRU.
For PUCCH format 0 and 1, the signal is low PAPR sequence based. To reduce CM of interlaced waveform, we get 4 options,
Option 1: Reusing NR sequences with length of 120, and one to one mapping them into 10RBs.
Option 2: Self spreading, that means use NR sequences with length of 12 as base sequence in one RB and first 10 symbols of NR sequences with length of 12 as spreading sequence to spread into 10RBs.
Option 3: Use NR sequences with length of 12 as base sequence in one RB and x(n) = exp(j*2*pi*n*(n+1)/10) as spreading sequence to spread into 10RBs.
Option 4: Design new sequence for interlaced waveform. One potential sequence is computer searched complementary sequence.
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Fig 3. CM of enhanced PUCCH format 0 and 1

Figure 3 shows the CM simulation. For option 2 and 3, the CM of PUCCH is not more than 2.4dB and 2.2dB separately and for option 4, the CM of PUCCH is less than 1dB.
Proposal 3: If enhanced PUCCH format 0, 1 is adopted in NRU, lower PAPR/CM sequence on the interlaced waveform should be studied.
4 Summary
In this contribution, we have the following proposals:
Proposal 1: Both CP-OFDM and DFT-s-OFDM are adopted as uplink waveform in NRU. At least for the number of RB allocation that allowed for DFT transform, DFT-s-OFDM should be supported.
Proposal 2: Bit level rate matching with larger SF could be adopted for PUCCH format 4 enhancement in NRU.
Proposal 3: If enhanced PUCCH format 0, 1 is adopted in NRU, lower PAPR/CM sequence on the interlaced waveform should be studied.
5 References
[1] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #94, Gothenburg, Sweden, August 20th – August 24th, 2018.
[2] RAN1 Chairman’s Notes, 3GPP TSG RAN WG1 Meeting #94b, Chengdu, China, October 8 - 12, 2018.
[bookmark: _GoBack]
image1.png
0.9

08

07

06

04

03

02

01

= = = data10RB repetition
= data IRB
* RS 10RB repetition
——RS1RB

4 6 8 10
CubicMetric[dB]




image2.emf

image3.emf
0.5 1 1.5 2 2.5 3 3.5

Cubic Metric [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

option 1

option 2

option 3

option 4


