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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
Regarding the design for UL signals and channels, some agreements are achieved in the last meeting [1].
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 
· [bookmark: OLE_LINK1]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

In this contribution, sub-PRB level interlace structure design is discussed.
2. [bookmark: OLE_LINK12]Sub-PRB level interlace design
2.1. Design requirements
As we all know, two requirements are commonly found in regulations for operation in unlicensed spectrum: 1) occupied channel bandwidth (OCB), and 2) maximum power spectral density (PSD).
1) OCB
The OCB requirement is that the UL transmission has to span over 70% of the nominal channel bandwidth in 60GHz band or 80% of the nominal channel bandwidth in 5GHz band. To satisfy the OCB requirement, eLAA introduced interlace based channel design. In eLAA, there are 100 RBs available for transmission, which offers a good interlace option with M=10 interlaces; each interlace consisting of N=10 equally spaced clusters with 1RB in each cluster. However, NR supports variable combinations of bandwidth and subcarrier spaces, as shown in Table 1, the total available number of RBs for each SCS agreed in RAN4 is not linearly increased with the bandwidth growth, which makes it is difficult to find a common interlace design across different numerologies and bandwidths in NR-U if all the PRBs is intended to be used.
Table 1: Maximum transmission bandwidth configuration NRB
	SCS [kHz]
	20 MHz
	25 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	51
	65
	106
	133
	162
	217
	273

	60
	24
	31
	51
	65
	79
	107
	135



2) PSD
Maximum PSD requirements exist in many different regions. For most cases the requirement is stated with a resolution bandwidth of 1MHz. Taking PSD limit on 5150-5250 MHz band as an example. The PSD limit is defined as:
· 5150-5350 MHz with/without TPC: 10dBm/MHz
The implication of the PSD requirement is that if a node wants to transmit with maximum transmission power of 23dBm, it needs to occupy entire 20MHz. The PSD is capped at 10dBm/MHz and the power per subcarrier is capped at ~-8.2dBm. To allows a node to transmit higher power and span a wide bandwidth but without occupying entire system bandwidth, an interlace based resource allocation design has been introduced in 3GPP Rel-14 for eLAA uplink waveform.
Therefore, it is very important to design interlace based channel structure in NR-U system in order to allow UE transmit in a higher power. As per the last agreement, a PRB-based block-interlace design has been identified as beneficial at least for 15 and 30 kHz SCS. However, design for 60 kHz requires further discussion, e.g., sub-PRB vs. PRB-based block interlace designs.
2.2. Design impacts
Some of the impacts of sub-PRB interlace design for uplink signals and channels from different aspects are as follows,
1) Interlace design for different SCS
From Table 1, we can find that the total available number of RBs for the combination of 60kHz SCS and 20MHz BWP is 24 only. If 15kHz, 30kHz and 60kHz follow the principle that the number of interlaces (M) is inversely proportional to SCS and the nominal number of PRBs per interlace (N) is similar for different SCSs (in a given bandwidth), the number of interlaces can only be 2 (assuming that N is about 10 similar to that in eLAA), which means only two different channels or signals can be FDMed within a 20MHz BWP. Therefore, from the multiplexing capacity aspect regarding interlaces number, it is not suitable to adopt PRB-level interlace design for 60kHz SCS. As shown in Figure 1, when sub-PRB (e.g., 6 subcarriers) level interlace is adopted, the interlace design for 60KHz SCS is similar as that of 30KHz SCS with PRB-level interlace design, and the number of interlaces can be double which is beneficial for multiplexing capacity.
[image: interlace design2]
Figure 1 Example for PRB-level and sub-PRB level interlace design. (60kHz SCS, 20MHz BW)

2) Sub-PRB interlace can increase transmission power when PSD limitation exists.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]With 60KHz SCS, each RB spans 720kHz which is almost up to 1MHz. As the above discussion, under the PSD limit, if a UE wants to transmit a signal or channel with more power, the UE needs to transmit this signal or channel on a broader band. Or in other words, the signal or channel needs to span multiple number of 1MHz. As shown in Figure 1, when sub-PRB interlace is adopted, an interlace can span more than 1MHz. Thus UE can transmit with a higher power. However, when the signal or channel spans into twenty 1MHz, UE can transmit with maximum transmission power of 23dBm under the PSD limit. Thus, the power boosting gain can only get when one interlace is allocated.
3) Reference signal design: new low PAPR sequence need to be designed
In NR Rel-15, for PUCCH format 1, a new set of low PAPR sequences with length-12 is supported considering better autocorrelation and cross-correlation properties for better PUCCH format 1 reception and detection. If sub-PRB (e.g., 3 subcarriers) is used, another set of low PAPR sequence with length-3 needs to be specified if PUCCH format 1 is also supported.
For PUSCH transmission, two types of DRMS OCC patterns are supported for MU transmission in NR Rel-15. As shown in Figure 2 , OCC with a capacity of 4 and 2 are separately used for pattern 1 and pattern 2. If 6-subcarrier level interlace is adopted, OCC design for pattern 1 needs further study. If 3-subcarrier level interlace is adopted, OCC design for pattern 2 needs further study.
[image: ]       [image: ]
Pattern 1                               Pattern 2
Figure 2 PUSCH MU patterns in NR Rel-15
4) Channel estimation: If sub-PRB level interlace design is adopted, gNB needs to perform channel estimation within one sub-PRB. 
Taking NR PUCCH format 2 for example, in order to support 1-symbol duration, FDMed transmission of UCI and DMRS are supported, and the DMRS RE density within one PRB is 1/3, i.e., 4REs within one PRB is used after the balance of DRMS payload and channel estimation accuracy. If sub-PRB (e.g., 3/6 subcarriers) is used, there will be only 1/2 DMRS RE(s) within one sub-PRB.Since the number of DMRS in the frequency domain is decreased, it will have negative impact on the channel estimation when frequency filter is used.
5) Resource allocation
If interlace structure is adopted for NR-U uplink signals and channels, the resource allocation unit will be one interlace. To guarantee that the allocated resources always occupy an integer number of RBs, when designing the interlace structure, the number of sub-PRBs per interlace needs to be multiple of 4/2 for 3/6 subcarriers level interlace design. Moreover, if both CP-OFDM and DFT-S-OFDM waveforms are supported in NR-U, and for the latter one, from an implementation-complexity point of view, the DFT size, also the size of the resource allocation, should be products of the integers 2, 3, and 5. Then the limitations of total available RB numbers will bring some new issues on resource allocation. Taking 60kHz SCS and 20MHz bandwidth as an example, the total available number of RBs is 24. Assuming that 6-subcarriers level interlace is used, there are 48 sub-PRBs in the bandwidth. Following the principle that M decreases with increasing SCS, and N is similar for each SCS, and N=10 is assumed. Also, a non-uniform interlace structure is assumed, such that the number of sub-PRBs per interlace is (10, 10, 10, 9, 9). Note that the last two interlaces with 9 sub-PRB is not integer multiple of 2, if a UE is allocated with one of the two interlace, the total number of allocated resources in the unit of RB is 4.5.
3. Various sub-PRB interlace structure
A simple sub-PRB interlace design is to use six subcarriers for one unit. A variant of the sub-PRB level interlace design is showed in Figure 3.
Alt 1: Continuous 6 subcarrier structure (half-PRB approach)
· The first 6 subcarrier or the last 6 subcarrier consists of one interlace unit.
Alt 2: Comb=2 structure (comb-like approach)
· One PRB is divided into two combs and two UEs are multiplexed in different combs. 
The difference of these two alternatives can be very small. Further investigation are needed for half-PRB approach and comb-like approach.

[image: ]
[image: ]
Figure 3. Various sub-PRB level interlace design
4. Conclusion
In this contribution, we discuss the design requirement and impact for sub-PRB interlace. And it is proposed for sub-PRB interlace structure
Proposal: Further study half-PRB approach and comb-like approach for sub-PRB interlace structure.
References
[1] [bookmark: _Ref473620807]RAN WG1 #94 meeting Chairman’s Notes.
4/4
image3.png
b




image4.jpeg
1 b, 0 nee e g Ml e 1 M LU |G 1Mz wEe D

" s s " " " s " s

00 subcarriers  Eamn subearriers
within one PRI iohin one 70




image5.jpg
Sub-RB (6-subcarrier)
level interlace

Comb=2 within a RB





image1.jpeg
1Lz iz

Ltz

iz Mz 10tz iz Ltz Ltz Mz i’y Itz Lidz

1tz Lz

Ltz
iz





image2.png




