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Introduction
The following agreements for NR-based Access to Unlicensed Spectrum (NR-U) were made:
	Agreements: (RAN1#92bis)
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

Agreement: (RAN1#93)
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

Agreement: (RAN1#93)
· Support for Rel-15 NR PRACH formats can be considered. Exclusion of the support of certain formats is to be identified. 
· Note: It is RAN1’s understanding that certain formats do not meet the minimum bandwidth requirement by regulation. 
· 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



This document discusses resource allocation methods for NR-U UL channels.
· PUSCH
· Sub-RB interlaced mapping
· Non-uniform interlaced mapping
· Interlaced mapping for NCB wider than 20MHz
· PRACH
· Resource allocation method for better auto correlation property
Discussion on PUSCH
Sub-RB interlaced mapping
According to [1], there are requirements of PSD and occupied channel bandwidth (OCB) for 5GHz band. In short, PSD should be lower than 10dBm/MHz and OCB should be wider than 80% of nominal channel bandwidth (NCB).

In order to realize higher power transmission under this PSD requirement, LTE LAA introduced interlaced resource mapping for UL. For example as Figure 1, the system BW 100RBs is divided into 10 interlaces, each of which has 10 RBs distributed at even 10 RBs intervals. One or multiple interlace(s) can be allocated for a UE. By doing this, higher power transmission than localized mapping is possible. This mapping method can be referred to as Block Interleaved FDMA (B-IFDMA).
[image: ]
[bookmark: _Ref521499957]Figure 1 Interlaced mapping (B-IFDMA) for LTE LAA UL

For NR, unlike LTE, variable numerology is supported i.e. the BW of each RB is variable. The BW of one RB spans 720kHz for 60kHz SCS. For this case, the interval of RB may be wider than 1MHz and then, RB may not be allocated for all 1MHz intervals.

In the Figure 2 (a), one interlace (RB based) with 60kHz SCS is allocated. Due to 10dBm/MHz requirement, the transmission power is limited up to 10dBm per 12 subcarriers, i.e. total power for 24 subcarriers in the figure is up to 13dBm. In order to allow higher power transmission as much as possible, it is desired that resource is allocated in unused 1MHz intervals also.

One of the solution for this is to introduce finer frequency unit referred as to “sub-RB”. In the Figure 2 (b), sub-RB including 6 subcarriers is mapped in interlace. This can utilize the unused 1MHz intervals in (a) and can increase the transmission power up to 10dBm per 6 subcarriers, i.e. total power for 24 subcarriers in the figure is up to 16dBm.

[image: ]
[bookmark: _Ref521499973]Figure 2 RB based vs. Sub-RB based interlace

Based on the discussion above, we would propose the following. It could be considered also for PUCCH/PRACH if supported for PUSCH.
[bookmark: subRB]Proposal 1:	For NR-U UL, at least for 60kHz or wider SCS (if supported), sub-RB based interlace should be supported.

Non-uniform interlaced mapping
For NR, unlike LTE, the interval of RB/sub-RB within each interlace may be variable based on the configuration on interlace design and/or numerology. As a result, the system bandwidth may not be multiple integer of that number of RBs/sub-RBs included in each interlace, and then the number of RBs/sub-RBs is not always uniform among interlaces.

In the Figure 3, the system BW is 51 RB and the interval of RB in each interlace is 5 for example. Interlace #0 have 11 RBs while interlace #1-4 have 10 RBs.
[image: ]
[bookmark: _Ref521500008]Figure 3 non-uniform interlaced mapping

In order to realize flexible resource allocation, such non-uniform number of RBs/sub-RBs included in each interlace should be supported.
[bookmark: nonUniform]Proposal 2:	For NR-U UL, the number of RBs/sub-RBs in an interlace is not always required to be same.

Interlaced mapping for NCB wider than 20MHz
Another different point of NR-U from LTE LAA is, the system BW wider than 20MHz should be supported for NR-U. According to [1], when equipment has simultaneous transmissions in n-times of adjacent 20MHz channels, these transmissions may be considered as one signal with an actual NCB of n20 [MHz]. For example, the simultaneous transmission using 2 adjacent channels is considered to be with 40MHz NCB. Then required OCB is above 32MHz.

In the Figure 4, how to allocate RBs/sub-RBs under OCB requirement for 40MHz NCB is compared. Like (a), scheduling with consideration of just fulfilling 80% of 40MHz can fulfil ETSI OCB requirement with less overhead when all LBT is passed. However, it may not fulfil OCB requirement of one 20MHz unit when LBT failure occurs in one of 20MHz unit.

Like (b), the transmission where OCB is satisfied within each 20MHz unit should be supported. By doing this, OCB requirement is fulfilled even if LBT failure occurs in any 20MHz units. Therefore, the interlace design should be based on within 20MHz unit.
[image: ]
[bookmark: _Ref521500019]Figure 4 resource allocation for 40MHz NCB

Based on the discussion above, we would propose the following.
[bookmark: NCB40]Proposal 3:	For NR-U UL interlaced waveform, resource allocation should fulfil the OCB requirement per any 20MHz units regardless of LBT outcome even if nominal channel BW is larger than 20MHz.
Discussion on PRACH
Block Interleaved FDMA (B-IFDMA) should be applied also for NR-U PRACH to satisfy limitation for OCB and PSD in unlicensed bands. However, the correlation properties of PRACH preamble using the B-IFDMA have some issues in timing estimation, because there are many false peaks in the correlation properties [2-3]. Therefore, PRACH resource allocation should be considered to obtain better correlation properties.

One proposed method is that the different interlace number can be set each cluster. In Figure 5 (b), interlace number {0, 1, 3, 2, 0, 1, 3, 2, 0, 1} is used for each cluster as an example of proposed mapping. In Figure 5 (a), the conventional mapping (B-IFDMA) method is also shown.
	

(a) B-IFDMA
	

(b) proposed mapping


[bookmark: _Ref521500032]Figure 5 Interlace mapping method of B-IFDMA and proposed mapping

The Figure 6 shows the evaluation results the auto correlation properties using Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120. According to this, the proposed method brings better auto correlation property compared with the conventional mapping of B-IFDMA. Therefore, more accurate TA estimation can be expected.
[image: ]
[bookmark: _Ref521500055]Figure 6 Auto correlation properties of PRACH preamble

The Table 1 shows the evaluation results of CM. According to this, the proposed resource mapping method has worse CM/PAPR than B-IFDMA. However, it would be not so big issue as the targeted cell size is relatively small in NR-U compared with licensed band operation.
[bookmark: _Ref521500065]Table 1 CM of PRACH preamble
	
	CM [dB]

	B-IFDMA
	1.7

	Proposed mapping
	3.3




Based on the discussion above, our proposal and observation are the following.
[bookmark: RACH]Proposal 4:	For NR-U PRACH, support the mapping method that the different interlace number can be set for each cluster.
Observation 1:	The proposed method can bring better auto correlation property compared with the conventional uniform PRB mapping (B-IFDMA).
Conclusion
For NR-U PUSCH, we would propose the following.
Proposal 1:	For NR-U UL, at least for 60kHz or wider SCS (if supported), sub-RB based interlace should be supported.
Proposal 2:	For NR-U UL, the number of RBs/sub-RBs in an interlace is not always required to be same.
Proposal 3:	For NR-U UL interlaced waveform, resource allocation should fulfil the OCB requirement per any 20MHz units regardless of LBT outcome even if nominal channel BW is larger than 20MHz.

For NR-U PRACH, our proposal and observation are the following.
Proposal 4:	For NR-U PRACH, support the mapping method that the different interlace number can be set for each cluster.
Observation 1:	The proposed method can bring better auto correlation property compared with the conventional uniform PRB mapping (B-IFDMA).
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