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Introduction
The following agreements for NR-based Access to Unlicensed Spectrum (NR-U) were made in RAN1#94:
	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:
· For scenarios in which a block-interlaced waveform is used for UL transmission, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS, and potentially for 60 kHz SCS
· Link budget limited cases with given PSD constraint
· It is observed that power boosting gains decrease with increasing SCS
· As one option to efficiently meet the occupied channel bandwidth requirement
· Comparatively less specification impact than Sub-PRB interlace design 
· Design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs
· The following has been observed for sub-PRB block interlace designs
· In some scenarios sub-PRB interlacing can be beneficial in terms of power boosting
· FFS: scenario details, e.g., small resource allocations
· Sub-PRB interlace design has at least the following specification impact:
· Reference signal design (e.g., DMRS)
· Channel estimation aspects
· Resource allocation

Agreement:
· It has been identified as beneficial to support a block-interlaced structure in which the number of interlaces (M) decreases with increasing SCS, and the nominal number of PRBs per interlace (N) is similar for each SCS (in a given bandwidth) at least for 15 and 30 kHz SCS, and potentially 60 kHz depending on supported interlace design
· FFS: M and N for each supported SCS
· FFS: 60 kHz in case a sub-PRB interlace is introduced

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



This document discusses the following NR-U UL aspects:
Interlaced mapping
PUCCH
PRACH
Discussion on interlaced mapping
Sub-PRB interlaced mapping
This part until proposal 1 is the resubmission of [1].

According to [2], 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 100 PRBs is divided into 10 interlaces, each of which has 10 PRBs distributed at even 10 PRBs 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 PRB is variable. The BW of one PRB spans 720 kHz for 60kHz SCS. For this case, the interval of PRB may be wider than 1MHz and then, PRB may not be allocated for all 1MHz intervals.

In the Figure 2 (a), one interlace (PRB-based) with 60 kHz SCS is allocated. Due to 10dBm/MHz requirement, the transmission power is limited up to 10dBm per 12 subcarriers. Assuming totally 8 PRBs are allocated, the maximal allowed total power would be 19dBm. 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-PRB”. In the Figure 2 (b), sub-PRB 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. Assuming totally 8 PRBs are allocated, the maximal allowed total power would be 22dBm.

[image: ]
[bookmark: _Ref521419015]Figure 2 RB based vs. Sub-PRB based interlace

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

As the next step, it is important to discuss which size of sub-PRB could be utilized. One of the essential aspects to consider would be DMRS. In order to estimate the channel of each sub-PRB, it is necessary that at least one pair of CDMed DMRS for each DMRS port is included in each sub-PRB. Furthermore, it is desired that NR Rel-15 DMRS configuration is reused in order to reduce standardization efforts. As discussed below, some limitations are needed to utilize NR DMRS for NR-U sub-PRB-based mapping.

The Figure 3 (a) shows the example of NR DMRS configuration type 1 and sub-PRB based mapping. In this configuration type, the pairs of CDMed DMRS for each DMRS port are mapped with the interval of 4 REs. Therefore, the channel estimation is possible within each 4 consecutive REs {#0-#3, #4-#7, #8-#11} in each PRB for all the antenna ports. Namely, the sub-PRB size is 4 REs.

The Figure 3 (b) shows the example of NR DMRS configuration type 2 and sub-PRB based mapping. In this configuration type, the pairs of CDMed DMRS for each DMRS port are mapped with the interval of 6 REs. Therefore, the channel estimation is possible within each 6 consecutive REs {#0-#5, #6-#11} in each PRB for all the antenna ports. Namely, the sub-PRB size is 6 REs.

Conversely, considering the channel estimation, it would be difficult to have the other sub-PRB than 4 or 6 REs for NR DMRS configuration type 1 or 2, respectively. Therefore, it would be necessary to have the limitation when sub-PRB based mapping is applied.
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	(a) DMRS configuration type 1
	(b) DMRS configuration type 2


[bookmark: _Ref525721251]Figure 3 NR DMRS configuration on sub-PRB-based mapping

Based on the discussion above, we would propose the following:
[bookmark: DMRS]Proposal 2:	If sub-PRB-based interlaced mapping is supported and applied, the following limitation is required:
· The sub-PRB size is 4 or 6 REs.
· If the sub-PRB size is 4 REs, the DMRS configuration type 1 only is used.
· If the sub-PRB size is 6 REs, the DMRS configuration type 2 only is used.
[bookmark: NCB40]
Discussion on PUCCH
gNB-shared COT vs. UE obtained COT
For NR-U, there are multiple types of COT. One is the gNB-shared COT and the other one is UE-obtained COT. We propose that PUCCH for HARQ-A/N and aperiodic CSI is sent in the gNB-shared COT only but not in UE-obtained COT.

Increased opportunity
In the gNB-shared COT, if the switching gap between DL and UL is less than 16 us, LBT before UL transmission can be omitted. Therefore, the opportunity to transmit the UCI indicated by DCI can be relatively increased. This can help to fast feedback HARQ-A/N and aperiodic CSI report. On the other hand, for UE-obtained COT, LBT is necessary before UL transmission. Then the feed-back can be delayed.

Increased multi-user CDM/FDM feasibility
As stated above, if LBT before UL can be omitted in the gNB-shared COT, the time domain position of each user’s UL transmission can be aligned. Therefore, multi-user CDM/FDM of PUCCH can be realized. This is also beneficial for the fast UCI feedback. On the other hand, for UE-obtained COT, the LBT with randomized contention time is required for each UE. Therefore, the timing position of each UE’s UL may not be aligned.

For periodic CSI, to have UE-obtained COT may be beneficial. Therefore, PUCCH for periodic CSI is FFS for now. For the reasons above, we would propose the following:
[bookmark: COT]Proposal 3:	For NR-U, PUCCH for HARQ-A/N and aperiodic CSI should be transmitted in gNB-shared COT only.

Short-PUCCH vs. long-PUCCH
In order to reduce the standardization effort, it is beneficial to use NR PUCCH format for NR-U as a baseline. We propose that at least NR short-PUCCH should be reused for NR-U and long-PUCCH can be less necessary.

Small coverage
For NR-U, so large coverage is not expected then there is less motivation to use long PUCCH to gain combined received signal power (SNR).

TDM feasibility with the other channels in gNB-shared COT
As discussed above, PUCCH should be sent in gNB-shared COT but there are the other DL/UL channels also. Therefore, it is beneficial to use short-PUCCH to realize TDM with the other channels.

For the reasons above, we would propose the following:
[bookmark: short]Proposal 4:	For NR-U, at least short-PUCCH should be supported.

PUCCH format for large/small UCI payload
As discussed above, for NR-U, OCB should be larger than 80% of NCB. For large (> 2 bits) payload transmission, NR PUCCH format 2 can be reused for NR-U as it uses multiple PRBs. On the other hand, for small (1 or 2 bits) payload transmission, NR PUCCH format 0 uses only 1 PRB then it cannot fulfil the OCB requirement per UE. Therefore, the enhancement for NR PUCCH format 0 or 2 is required for small payload transmission.

One possibility is, to enhance PUCCH format 2 which is used for larger payload so that small payload can be also sent, by zero padding or extension of encoder. But we don’t support these alternatives because they may not support multi-user CDM and further discussion is required to support it.

In order to keep CDM capability, PUCCH format 0 should be utilized and enhanced. We propose that NR PUCCH format 0 sequence is repeated in frequency domain and mapped on the interlaced/distributed PRBs so that OCB requirement is fulfilled. Furthermore, different cyclic shifts and different base sequence per PRB should be applied in order to mitigate inter-cell interference.

Based on the discussion above, we propose the following:
[bookmark: less]Proposal 5:	For large UCI payload (> 2 bits) transmission, NR PUCCH format 2 should be reused for NR-U.
Proposal 6:	For small UCI payload (1 or 2 bits) transmission, NR PUCCH format 0 should be a baseline. The sequence should be repeated across multiple PRBs and also different cyclic shifts and base sequence per PRB should be applied.

Discussion on PRACH
PRACH format
In NR Rel-15, PRACH sequence length L=139, 839 are supported. However, as the NR-U cell size can be smaller, such long preamble as L=839 may not be needed. Also, L=839 with 1.25/5 kHz SCS can be difficult to apply multi-user FDM with PUSCH/PUCCH.

[bookmark: RACH_L]Proposal 7:	At least PRACH sequence length L=139 is supported for NR-U.

In NR Rel-15, SCS = 15/30 kHz for FR1, 60/120 kHz for FR2 are supported. As 15/30/60 kHz SCS is considered for PUSCH/PUCCH, it seems natural to support 15/30/60 kHz SCS for PRACH also. By doing this, it is easier to multi-user FDM of PRACH and PUSCH (PUCCH) with 60 kHz SCS. Furthermore, there may be the gain to shorten the occupied duration of PRACH occasion (RO).

[bookmark: RACH_SCS]Proposal 8:	15/30/60 kHz SCS should be supported for NR-U PRACH.

PRACH mapping
In RAN1#94bis, following interlace designs are mainly proposed [3]. In this section, we compare the each interlace design, in viewpoint of timing estimation accuracy, CM, multiplexing with other signals channels, PSD and OCB requirement. 
· Option1: B-IFDM (Block interleaved FDM) + uniform spacing.
· Option2: B-IFDM + non-uniform spacing [1]
· Option3: Tin-IFDM (tone interlaced FDM)
· Option4: No interlacing (contiguous only)

Timing estimation accuracy
The Figure 4 shows the evaluation results on the auto correlation properties using Zadoff-Chu sequence where a length-113 Zadoff-Chu sequence is cyclically extended to length-120. In the evaluation, 20MHz bandwidth and 30kHz SCS are assumed and the resource mapping of B-IFDM as Figure 5 is used. In this document, B-IFDM + non-uniform spacing means the mapping method that the different interlace number can be set for each cluster. In the Figure 5 (b), interlace number {0, 2, 1, 0, 1, 2, 0, 2, 1, 0} is used for each cluster as an example of B-IFDM + non-uniform spacing (option 2). In the Figure 5 (a), the B-IFDM + uniform spacing (option 1) is also shown. Tone interval is set to 5 for Tin-IFDM (option 3) in the evaluation. 
From the evaluation results, Option4 brings better auto correlation property compared with the other methods. The correlation properties of PRACH preamble using the B-IFDM + uniform spacing (option1) have some issues in timing estimation, because there are many false peaks in the correlation properties. Option2 (B-IFDM + non-uniform) bring better auto correlation property compared with Option1. In Option 3, preamble is repeated by tone interval in time domain, therefore false peak occurs at the interval obtained by dividing the symbol length by the tone interval. If target cell size is small, the false peak is not issue for option 3. 
[image: ] 
[bookmark: _Ref524369465]Figure 4 Auto correlation properties of PRACH preamble
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(a) B-IFDM + uniform spacing
	[image: ]
(b) B-IFDM + non-uniform spacing


[bookmark: _Ref524369562]Figure 5 Interlace mapping method of B-IFDM + uniform spacing and B-IFDM + non-uniform spacing in 30KHz SCS (the number of interlaces is 5, the nominal number of PRBs per interlace is 1PRB) 

CM
The Table 1 shows the evaluation results of CM. In this evaluation, the resource mapping of B-IFDM as Figure 5 is used. According to this, Option3 and Option 4 are better CM than Option1 and Option2. 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: _Ref524447999]Table 1 CM of PRACH preamble
	Interlace design
	CM [dB]

	Option1 (B-IFDM + uniform spacing)
	2.17

	Option2 (B-IFDM + non-uniform spacing)
	3.44

	Option3 (Tin-IFDM)
	1.80

	Option4 (No interlacing)
	1.80




Multiplexing with other signals channels
In the scenario which B-IFDM is used for PUCCH/PUSCH, Option1 can multiplex with PUCCH/PUSCH with B-IFDM easily. In Option2, if nested resources are allocated for multiple PRACH occasions as Figure 6, Option 2 can also multiplex with PUCCH/PUSCH with B-IFDM easily. For example, interlace#0-2 are used for PRACH, and other interlace numbers are used for PUCCH and PUSCH. Option3 and Option4 can’t multiplex PUCCH/PUSCH easily.
[image: ]
[bookmark: _Ref524430440] Figure 6 PRACH resource allocation for multiple ORACH occasions 

PSD and OCB requirement
Option1, Option2 and Option3 can fulfil OCB requirement and increase transmission power more than Option4 under PSD limitation. Option4 can’t fulfil OCB requirement, therefore frequency domain repetition of preamble or temporal allowance of at least 2MHz OCB mechanism have to be applied.

Based on the discussion above, the Table 2 shows the summary of the comparison of each interlace design in the scenario which B-IFDM is used for PUCCH/PUSCH. From the viewpoint of multiplexing with other channel and timing estimation accuracy, our proposal is the following.

[bookmark: _Ref524431532]Table 2 Summary of the comparison of each interlace design 
	Interlace design
	Multiplexing with other channel
	Timing estimation accuracy
	CM
	PSD/OCB requirement

	Option1 (B-IFDM + uniform spacing)
	Excellent
	bad
	good
	Excellent

	Option2 (B-IFDM + non-uniform spacing)
	good
	fair
	fair
	Excellent

	Option3 (Tin-IFDM)
	Bad
	Good
	Excellent
	Excellent 

	Option4 (No interlacing) 
	Bad
	Excellent
	Excellent
	Bad



[bookmark: RACH_mapping]Proposal 9:	For NR-U PRACH, support B-IFDM + non-uniform spacing at least in the scenario which B-IFDM is used for PUCCH/PUSCH.

Conclusion
For NR-U interlaced mapping, we would propose the following:
Based on the discussion above, we would propose the following. It could be considered also for PUCCH/PRACH if supported for PUSCH.
Proposal 1:	For NR-U, at least for 60 kHz, sub-PRB based interlace should be supported.
Proposal 2:	If sub-PRB-based interlaced mapping is supported and applied, the following limitation is required:
· The sub-PRB size is 4 or 6 REs.
· If the sub-PRB size is 4 REs, the DMRS configuration type 1 only is used.
· If the sub-PRB size is 6 REs, the DMRS configuration type 2 only is used.

For NR-U PUCCH, we would propose the following:
Proposal 3:	For NR-U, PUCCH for HARQ-A/N and aperiodic CSI should be transmitted in gNB-shared COT only.
Proposal 4:	For NR-U, at least short-PUCCH should be supported.
Proposal 5:	For large UCI payload (> 2 bits) transmission, NR PUCCH format 2 should be reused for NR-U.
Proposal 6:	For small UCI payload (1 or 2 bits) transmission, NR PUCCH format 0 should be a baseline. The sequence should be repeated across multiple PRBs and also different cyclic shifts and base sequence per PRB should be applied.

For NR-U PRACH, we would propose the following:
Proposal 7:	At least PRACH sequence length L=139 is supported for NR-U.
Proposal 8:	15/30/60 kHz SCS should be supported for NR-U PRACH.
[bookmark: _GoBack]Proposal 9:	For NR-U PRACH, support B-IFDM + non-uniform spacing at least in the scenario which B-IFDM is used for PUCCH/PUSCH.
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