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Introduction
At the RAN1 #94-bis meeting, UL signals and channels for NR-U operation was discussed based on [1], and RAN1 made following agreements [2]. 
	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
· [bookmark: _GoBack]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:
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

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). 



In this contribution, we discuss on PRACH and PUCCH design for NR-U operation. 

Discussion 
PRACH design for NR-U
NR-PRACH needs to be redesigned for NR-U since bandwidth of NR-PRACH in FR1 is at most 4.2 MHz and it cannot meet the occupied channel bandwidth (OCB) requirement in EU regulation [3]. Possible strategies of NR-PRACH enhancement are as followings.

Option 1: Support extended PRACH numerology for NR-U-PRACH with consecutive resource mapping
Option 2: Support interlaced resource allocation for NR-U-PRACH in same numerology with NR-PRACH

As an example, in option 1, PRACH for NR-U sub-7 GHz band additionally supports 60 kHz SCS and sequence length 283. Bandwidth of NR-U-PRACH in the new format is 16.98 MHz and it meets OCB requirement without interlacing. In terms of autocorrelation property, the PRACH detection performance degrades in case with an interlaced transmission [4]. It is beneficial to support option 1 in which detection performance degradation can be avoided.
On the other hand, in option 2, transmission power per sub carrier can be strong with short sequence and interlacing. 
Table 1 shows PRACH numerologies for NR-U sub-7 GHz band including proposed new numerologies as an example. 

Table 1: Example of NR-U-PRACH configurations 
	SCS [kHz]
	Sequence Length
	Sequence BW [MHz]

	1.25
	839
	1.04875

	5
	839
	4.195

	15
	139
	2.085

	30
	139
	4.17

	15
	1129
	16.94

	30
	569
	17.07

	60
	139
	8.34

	60
	283
	16.98



In addition, we think it is possible and beneficial to consider both of option 1 and option 2 to utilize wide bandwidth without losing coverage/capacity so much. We think additionally, sub-carrier based interlace can have some advantage in terms of reducing PAPR compared with PRB based interlace approach. 

Proposal 1: For NR-U PRACH design, both of consecutive waveform approach with new numerologies and interlacing approach should be considered.

PUCCH design for NR-U
At least some NR-PUCCH design also needs to be redesigned for NR-U to meet the OCB requirement. Possible approaches of PUCCH enhancement are followings.
Option 1: Subcarrier based interlace
Option 2: PRB based interlace 
Option 3: PRB repetition based interlace 

Each options are shown in figure 1 (a), (b) and (c) respectively. Since the number of PUCCH PRBs for format {0, 1, 4} in frequency domain is 1, option 2 approach cannot work.  For PUCCH format {0, 1, 4} transmission, option 1 or 3 can work. Regarding to coverage, option 1 can potentially increase transmission power per sub-carrier but PSD is limited to be less than 10 dBm in every 1 MHz band by EU regulation. On the other hand, option 3 approach can improve detection performance with combining copied signals under PSD regulation. Additionally, option 3 allows easier multiplexing in frequency domain with other PRB base interlaced UL signal/channel. 
To transmit PUCCH format {2, 3}, it seems better to apply option 2 to keep transmission power per sub-carrier and to achieve efficient multiplexing with other UL data signals.
Therefore, we propose to consider option 2 and 3 approaches to transmit PUCCH in NR-U operation.

[image: ]
Figure 1: Approaches for PUCCH transmission

Proposal 2: For NR-U PUCCH design, enhancement of all NR-U PUCCH formats are considered with PRB based interlace approach and PRB repetition based interlace approach.

Conclusion 
In this contribution, we discussed on UL signals and channels for NR-U operation. Based on the discussion above, we made following proposals. 

Proposal 1: For NR-U PRACH design, both of consecutive waveform approach with new numerologies and interlacing approach should be considered.

Proposal 2: For NR-U PUCCH design, enhancement of all NR-U PUCCH formats are considered with PRB based interlace approach and PRB repetition based interlace approach.


References
[1] 3GPP, R1-1811973, Ericsson, “Feature lead summary 2 for UL Signals and Channels,” October 2018.
[2] 3GPP RAN1 #94-bis, Chairman’s note, October 2018.
[3] ETSI EN 301 893 V2.1.1, Harmonized European Standard, 5 GHz RLAN. May 2017.
[4] 3GPP, R1-1808619, Panasonic, “Resource allocation for NR-U UL channels,” August 2018
image1.emf
20 MHz

Frequency

Sub-carrier 

PRB

Copied 

PUCCH

(a)  (b)  (c) 


