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1	Introduction
In RAN1#94 the following agreements related to interlace structure for NR-U UL transmissions were made on
Agreement #1:
· 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 #2:
· 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 #3:
· 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, we discuss some remaining aspects on interlace design for the uplink channels in NR-U.

[bookmark: _Ref178064866]2	Interlace Design for Uplink Channels
2.1	Interlace design targets
We observe a number of design criteria, listed below, for a good interlace design for the uplink in NR-U.
High output power
One of the main benefits of interlacing transmissions is to allow high output power without exceeding the ETSI maximum PSD requirement even when the scheduled bandwidth need is small. Preferably a single interlace should allow the use of an output power close to the maximum according to the regulations. In order to maximize the benefit of interlacing, the minimum distance between two RBs allocated within an interlace should be larger than the PSD requirement measurement bandwidth of 1 MHz, while allocating as many RBs as possible so as to spread the power over as many RBs as possible.
Flexible resource allocations
A good interlace design needs to have a reasonably high number of interlaces, to allow for flexible scheduling granularity and high multiplexing capacity on PUSCH, PUCCH, PRACH, and so on. An interlace design with larger number of interlaces would result in a finer granularity for resource allocation to a UE. 
Signaling overhead 
Although an interlace design with a larger number of interlaces would be beneficial in terms of scheduling flexibility, it would require more signaling overhead as the number of needed bits for frequency domain resource assignment increases with the number of interlaces. Thus, it is preferable to have an interlace design with sufficient number of interlaces to balance out the trade-off between scheduling flexibility and signaling overhead.  
User/Channel Multiplexing
It is preferable to have different physical uplink channels, i.e., PUCCH, PUSCH, PRACH, on the same interlace structure to allow multiplexing of these physical channels from same or different UEs in an efficient way. For the case of PRACH, one also needs to consider the configuration of multiple PRACH occasions to reduce the chance of collisions between different UEs when multiple UEs want to access the same NR-U cell simultaneously. 
In general, the above design criteria are decided by either the number of interlaces or the number of PRBs per interlace. Due to the regulation and agreements in RAN#4, the total number of available PRBs for each system bandwidth and subcarrier spacing is limited. Thus, there are trade-offs between the above criteria and one should take into account all of them when selecting the interlace options.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Ref513129578][bookmark: _Ref513129589][bookmark: _Ref513129620][bookmark: _Toc525822532]In interlacing transmissions, there are trade-offs between supporting maximum transmit power, minimizing signalling overhead, and enabling flexible resource allocations.
[bookmark: _Ref513129690][bookmark: _Toc525920374]Interlace designs should balance the trade-offs between supporting maximum transmit power, minimizing signaling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels.
2.2	Interlace options
Table 1 displays the number of PRBs available for different bandwidth sizes and SCSs that has been agreed in RAN#4 and specified in Rel.15 [3]. It can be seen that there are more and different options for interlace structure with different system bandwidth sizes and SCSs compared to LTE-based LAA. Even with the same system bandwidth 20MHz and 15kHz SCS as in LTE-based LAA, NR-U can use up to 106 available PRBs instead of 100 PRBs as in LTE-based LAA. 
[bookmark: _Ref513125872]Table 1 -  Maximum number of available PRBs for different bandwidth sizes and SCSs
	SCS [kHz]
	20 MHz
	40 MHz
	60 MHz
	80 MHz
	100 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	106
	216
	N.A
	N.A
	N.A

	30
	51
	106
	162
	217
	273

	60
	24
	51
	79
	107
	135



It can be seen from Table 1 that there are many cases that the total number of available PRBs is a prime number or results in a very imbalanced interlace combination (i.e., all of its factors are either too small or too big). Thus, it is agreed in the above Agreement 3 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. In order to reduce the signalling overhead, the interlaces that have an extra PRB can be pre-configured. 
Table 2 shows different interlace options for 15kHz, 30kHz, and 60kHz SCSs with 20MHz system bandwidth. In the table, we also include the maximal transmit power for each option. In the options with non-uniform interlace, the parameters for interlaces with extra PRBs are included in the brackets. The maximal transmit power assumes allocation of a single interlace with M PRBs and a PSD limit of 10 dBm/MHz. Clearly, allocation of more than one interlace increases the maximal transmit power.
[bookmark: _Ref513125961]Table 2-  Interlace options for SCSs 15kHz, 30kHz, and 60kHz with system bandwidth 20MHz
	SCS
	Total No.
PRBs
	No. Interlaces  M
	No. PRBs per interlace N
	Maximal transmit power [dBm]

	
	
	
	
	

	15kHz
	106
	10
	10 (11)
	20 (20.4) 

	

30kHz

	

51
	5
	10 (11)
	20 (20.4) 

	
	
	6
	8 (9)
	19 (19.5) 

	
	
	7
	7 (8)
	18.5 (19) 

	
	
	8
	6 (7)
	 17.8 (18.5) 

	
	
	9
	5 (6)
	17 (17.8) 

	

60kHz
	

24
	2
	12
	20.8

	
	
	3
	8
	19

	
	
	4
	6
	17.8

	
	
	5
	4 (5)
	16 (17)

	
	
	6
	4
	16

	
	
	8
	3
	14.8



It can be seen from Table 2 that 15kHz and 30kHz SCSs support a variety of interlace options which balance the trade-offs between supporting high transmit power (large N), minimizing signaling overhead (reasonably large M), enabling flexible resource allocations (large M), and ensuring suitability for different physical uplink channels. 
For 15kHz SCS, the only difference compared to LTE-based LAA is additional 6 available PRBs. Thus, it is natural that NR-U supports a similar interlace structure for 15kHz SCS with M=10 interlaces, in which five of them has N=10 PRBs and six others has N=11 PRBs each.
For 30kHz SCS, the first option in Table 2 with M=5 interlaces offers a good interlace structure for NR-U in several aspects: i) comparable with 15kHz SCS as having similar number PRBs per interlaces, ii) offering good PUCCH and PRACH designs [4] thus enabling multiplex different physical uplink channels in the same interlace structure. 
Moreover, according to the above Agreement 2, it is 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, we have the following proposal
[bookmark: _Toc525920375]Support PRB based interlaced designs with the same nominal number of PRBs per interlace N=10 for 15 kHz and 30 kHz SCS with 20MHz BW. 
· [bookmark: _Toc525920376]Support interlace structure with M=10 interlaces for 15 kHz SCS with 20MHz BW.
· [bookmark: _Toc525920377]Support interlace structure with M=5 interlaces for 30 kHz SCS with 20MHz BW.
On the other hand, we can also see from Table 2 that 60kHz SCS does not offer good interlace options in term of balancing the needs of supporting high transmit power and enabling flexible resource allocations. As mentioned in Agreement #1 above, interlace design for 60 kHz SCS requires further discussion. Some companies propose the use of sub-PRB interlacing to facilitate increased power boosting; however, it is pointed out in the same agreement that this is limited to small resource allocations. The main drawback of the sub-PRB interlace design is that it has heavy specification impact. It requires a re-design of the basic PRB concept in NR, affecting such aspects as reference signal design (DMRS, SRS), channel estimation, and resource allocation. Since the PRB is such a fundamental building block in NR, such a re-design should not be untaken lightly, and would need to be very well motivated. Based on this we propose the following

[bookmark: _Toc525920378]Sub-PRB interlacing is not supported for NR-U. 

Due to the limited power boosting potential of an interlaced design for 60 kHz, further discussion is needed on the pros/cons of an PRB-interlaced design vs. a contiguous design. However, as we discuss thoroughly in our paper on frame structure [5], 60 kHz SCS itself does not offer significant performance advantages, and is problematic in terms of deployment flexibility. Furthermore, support for 60 kHz SCS has significant spec impact. Based on this analysis we make the following proposal in that paper.
 
[bookmark: _Toc525741980][bookmark: _Toc525920379]Due to considerations of deployment flexibility, performance, and minimized spec impact, 30 kHz + NCP is prioritized for NR-U PHY layer channel design and PHY layer procedure design.

[bookmark: _GoBack]Similarly to NR, it is expected that NR-U will support UL transmissions with wide bandwidth, e.g., up to 100MHz. One of the main motivations to support wider bandwidth transmissions is to increase the UE’s throughput. Thus, for a given SCS it is preferable to have interlace structure in which the number of interlaces (M) is similar for different carrier BWs, and the nominal number of PRBs per interlace (N) increases with increasing carrier BWs. For example, with 30kHz SCS, the number of interlaces is kept the same as M=5, and the nominal number of PRBs per interlace (N) could increase from N=10 for BW 20 MHz to N=21 for 40MHz carrier bandwidth, and so on.
[bookmark: _Toc525766078][bookmark: _Toc525821981][bookmark: _Toc525822000][bookmark: _Toc525822008][bookmark: _Toc525822016][bookmark: _Toc525822033][bookmark: _Toc525920380][bookmark: _Toc525920381][bookmark: _Toc525720205]For a given SCS, support an interlace structure in which the number of interlaces (M) is invariant with the carrier bandwidth. Hence, only the number of PRBs per interlace (N) scales with the carrier bandwidth. The interlace spacing remains fixed. 
[bookmark: _Ref189046994]3	Conclusion
In this paper we discuss the interlace design options for the NR-U uplink. Accordingly, we have the following observations and proposals.

Observation 1	In interlacing transmissions, there are trade-offs between supporting maximum transmit power, minimizing signalling overhead, and enabling flexible resource allocations.

Proposal 1	Interlace designs should balance the trade-offs between supporting maximum transmit power, minimizing signaling overhead, enabling flexible resource allocations, and ensuring suitability for different physical uplink channels.
Proposal 2	Support PRB based interlaced designs with the same nominal number of PRBs per interlace N=10 for 15 kHz and 30 kHz SCS with 20MHz BW. 
-	Support interlace structure with M=10 interlaces for 15 kHz SCS with 20MHz BW.
-	Support interlace structure with M=5 interlaces for 30 kHz SCS with 20MHz BW.
Proposal 3	Sub-PRB interlacing is not supported for NR-U.
Proposal 4	Due to considerations of deployment flexibility, performance, and minimized spec impact, 30 kHz + NCP is prioritized for NR-U PHY layer channel design and PHY layer procedure design.
Proposal 5	For a given SCS, support an interlace structure in which the number of interlaces (M) is invariant with the carrier bandwidth. Hence, only the number of PRBs per interlace (N) scales with the carrier bandwidth. The interlace spacing remains fixed.
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