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1	Introduction
[bookmark: _GoBack]In this contribution we discuss design of channelization for NR operating in the 52.6 – 71 GHz band.
2	Discussion on NR channelization
While a detailed band plan for the 52.6 – 71 GHz band including channel raster, sync raster, precise spectral utilization, etc. is in the purview of RAN4, it is nonetheless instructive from a RAN1 point of view to consider some of the design issues. For example, we note that as captured in the WID [1], RAN1 should decide on the maximum bandwidth(s) for new SCS(s) 480 and 960 kHz.· Physical layer aspects including [RAN1]:

· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 

Note 3: The maximum FFT size required to operate the system in 52.6GHz-71GHz frequency is 4096, and the maximum of RBs per carrier is 275 RBs.

In Section 2.6 of our companion contribution [2] we propose the following regarding maximum bandwidths:
[bookmark: _Toc61864059][bookmark: _Ref61883737][bookmark: _Ref61884507][bookmark: _Ref61884516][bookmark: _Toc61884530][bookmark: _Hlk61875814]Inform RAN4 that from a RAN1 perspective it is feasible to define the maximum channel bandwidth for 960 kHz SCS to be in the range B = [2000 .. 2160 MHz] and for 480 kHz SCS as B ≈ 1600 MHz, using an FFT size of 4096. The precise values of B depend at least on the desired channelization design, the desired spectral utilization value (ratio of transmission BW configuration to channel BW), and a target FFT utilization value).
Here we discuss high level principles for an NR channelization design and band plan accounting for these maximum bandwidths.
Figure 1 illustrates the spectrum allocations in the 14 GHz frequency range spanning 57 – 71 GHz in various regions around the world taken from Table 4.2.1-1 of [3] with updates related to the IMT plan by CEPT. As can be seen, the regional frequency allocations consist of different subsets of a set of {2, 5, 2, 5} GHz blocks. The US and Europe/CEPT have the largest allocations – all 14 MHz allocated to unlicensed. Other regions have smaller allocations, with China having the smallest (5 GHz). A 5 GHz block allocated to IMT (licensed operation) in Europe is also defined from 66 – 71 GHz which overlaps with the upper part of the unlicensed allocation in Europe.
[image: ]
[bookmark: _Ref53057845]Figure 1: Regional frequency allocations from [3] and 802.11ad channelization
Figure 1 also shows the six 2.16 GHz channels defined by the IEEE 802.11ad standard. Evidently, if NR would adopt a rigid channelization design such that all channels are strictly confined to be within the 2.16 GHz channels defined by IEEE 802.11ad, a large wastage of spectrum would occur:
· 240 MHz at the lower edge of the band is unused in all regions
· 800 MHz at the upper edge of the band is unused in USA and Europe
· 680 MHz of the 5 GHz allocation in China is unused
· In recognizing the need to have at least three channels for cell planning [6], IEEE 802.11aj standard defined four 1.08 GHz channels nested within the two 2.16 GHz channels for the 60 GHz band in China. As a result, the spectrum wastage issues are left unaddressed in the 802.11aj channelization.
· 280 MHz of the 7 GHz allocation in Canada/Brazil/Mexico is unused
· In the IMT (licensed) allocation in Europe, one out of the 2 available 2.16 GHz channels is unusable since it extends outside the IMT allocation
[bookmark: _Toc53776182][bookmark: _Toc61884528]If NR would adopt a rigid channelization design such that all channels are strictly confined to be within the 2.16 GHz channels defined by IEEE 802.11ad, a large wastage of spectrum would occur in many regions of the world.
Here we consider an alternate proposal for a band plan that is much better aligned to the regional frequency allocations.  We start by considering the maximum bandwidth corresponding to 480 kHz SCS which is nominally 1.6 GHz (see Proposal 1). Later we consider the maximum bandwidth corresponding to 960 kHz SCS (2 – 2.16 GHz as in Proposal 1).
The starting point of the band plan is to sub-divide the smallest regional allocations (China, IMT in Europe) into 3 nominal 1.6 GHz channels in order to make full use of those allocations. The nominal 1.6 GHz channels are further sub-divided into nominal 800 and 400 MHz channels. We show that the resulting channel spacing for all channel bandwidths fully utilizes the 14 GHz of available spectrum. We point out that it may be beneficial to consider minimum channel bandwidth less than 400 MHz (e.g., 200 MHz) to allow for finer granularity channel assignments where very large data rates may not be needed. Smaller minimum bandwidth may also be beneficial for the IMT allocation in Europe, where it is not clear what size spectrum blocks will be available for licensed operation. 
In the proposed band plan, we assume 480 kHz SCS and the 5 GHz band in China/Europe (IMT) is divided into 3/6/12 nominal 1600/800/400 MHz channels that are nested. This results in the actual channel bandwidths 4*B / 2*B / B where B = 408.96 MHz. As discussed in [2], this value is determined based on an exemplary target spectral utilization (90%) value and FFT utilization value (75%). We emphasize that these values are used for exemplary purposes only. Precise values are to be decided by RAN4.
Figure 2 shows the proposed band plan that fully utilizes the frequency allocations in all regions. The number of nominal 1600/800/400 MHz channels in the regions are given by the following:
Table 1: Number of 1600 / 800 / 400 MHz nominal channels per region in proposed example NR band plan in in Figure 2
	Region
	Number of available channels

	China and IMT allocation in Europe
	3/6/12

	US and unlicensed allocation in Europe
	8/16/32

	Canada, Brazil, Mexico
	4/8/17

	South Africa, Japan, Korea, Taiwan, Singapore, Australia
	5/10/22



It is of interest to compare this to the IEEE 802.11aj standard (adaptation of 802.11ad for mmWave in China). For .11aj, the goal was to increase the number of channels from only two 2.16 GHz channels to four 1.08 GHz channels; however, those 4 channels are still constrained to be nested within the two 2.16 GHz channels, thus the wastage of 680 MHz of spectrum in China is still present. The proposed NR band plan in Figure 2 also increases the number of available channels, but makes almost full use of the available 5 GHz allocation.
[image: ]
[bookmark: _Ref53062284]Figure 2: Proposed example NR band plan with full utilization regional frequency allocations
This proposed example NR band plan naturally results in channels that overlap the 2.16 GHz channel boundaries defined by the IEEE 802.11ad standard. However, as can be seen in Figure 3 below, the 802.11ad standard itself supports partially overlapping channels for channel bandwidths >2.16 GHz, e.g., Chanel #10 overlaps both Channel #9 and Channel #11.
[image: ]
[bookmark: _Ref61878714]Figure 3: Channelization used by IEEE 802.11ay. It can be observed that channels with bandwidths >2.16 GHz overlap with each other.
In [4] and [5], we provide extensive evaluation results showing there are no coexistence issues even without deploying LBT protocols. Later in this paper, we further demonstrate that misaligned channels do not create a coexistence problem either. It is therefore preferable for 3GPP NR to adopt a channelization design from the start that is flexible enough to allow for full utilization of the available spectrum rather than sacrificing large portions of spectrum under the unnecessary constraint of rigidly aligning 3GPP channelization with that of IEEE 802.11ad/ay.
For the purposes of comparison, Figure 4 shows a (non-preferred) rigid band plan which is designed to only allow channels that strictly align with the 802.11ad channelization. The channel bandwidths are left the same as above, but the channels are shifted so as to fit within each of the 2.16 GHz 802.11ad channels. Such an "aligned" design results in a reduced number of channels in all of the regions, which is a manifestation of the same spectrum wastage problem indicated in Figure 1. Table 2 shows the number of nominal 1600/800/400 MHz channels that are lost compared to the preferred channelization in Figure 2. This band plan is "non-preferred" in the sense that if it is the only configuration possibility supported for the band, then it suffers the spectrum wastage problem.
[bookmark: _Ref53674633]Table 2: Number of 1600 / 800 / 400 MHz nominal channels lost per region using the "aligned" design in Figure 4.
	Region
	Number of lost channels

	China and IMT allocation in Europe
	1/2/2

	US and unlicensed allocation in Europe
	2/4/2

	Canada, Brazil, Mexico
	1/2/2

	South Africa, Japan, Korea, Taiwan, Singapore, Australia
	1/2/2



[image: ]
[bookmark: _Ref53063396]Figure 4: Non-preferred band plan aligned with IEEE 802.11ad channelization

2.1	Impact of overlapping channels
Here we investigate the potential impact of misaligned channels. For regions with smaller frequency allocations (small number of available channels), it may not be possible to avoid co-channel coexistence amongst networks, e.g., the 5 GHz allocation in China where there are a limited number of available channels. In the preferred band plan in Figure 2, three nominal 1.6 GHz channels are available in China. To assess if there are any performance impacts to adopting a band plan such as the preferred band plan which maximizes spectrum utilization, we evaluate a worst-case coexistence scenario. We consider two operators deploying in the same office (Indoor Scenario B) in which Operator #1 uses two 2 GHz channels and Operator #2 uses three 1.6 GHz channels – naturally the channels are misaligned between the two operators This is compared to a scenario where both operators use two 2 GHz channels where the channels are aligned.

[image: ]	[image: ]
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[image: ]
Figure 5: Coexistence scenario between two operators (a) both operators use aligned 2 GHz channels, and (b) Operator #2 uses three 1.6 GHz channels misaligned with the two 2 GHz channels used by Operator #1. In both cases (a) and (b), Operator #1 deploys its AP(s) at the red location in the office box, and Operator #2 deploys at the blue location.
[bookmark: _Hlk53128210]In both cases, 12 UEs are associated with each operator and the UEs are divided equally amongst the used channels (either 2 or 3 depending on the scenario). In both scenarios, the traffic arrival rate per UE is the same, thus the offered traffic per operator is the same in both cases, regardless of the number of channels. The offered traffic is chosen so that Op#1 in the aligned case has 10%, 35% and 55% buffer occupancy. Both operators operate without LBT. In the UL, the transmit power per UE is the same in both scenarios. In the DL, the transmit power per channel is the same for each operator, thus the total transmit power scales with the number of channels (2 or 3). We emphasize that this is a worst-case scenario, as typically an operator with a multi-channel AP would need to divide a total power budget across the number of used channels resulting in a lower per-channel power for the operator with 3 channels compared to 2.
Figure 6 compares the performance between the aligned case (red/blue bars) and the misaligned case (yellow/cyan bars). Comparing the red/blue/yellow bars, one can see that Operator #1 is equally affected by Operator #2 regardless of whether Operator #2 uses two 2 GHz or three 1.6 GHz channels. Hence, there is no coexistence issue due to misaligned channels.
The cyan bar indicates lower throughput for Operator #2 at low load in the misaligned channel case. This is expected since each user has access to only 1.6 GHz instead of 2 GHz, and thus the peak rate is lower. However, this is compensated by lower buffer occupancy as shown in Figure 7 for Operator 2's network due to the ability to access 4.8 GHz of spectrum instead of 4 GHz. This results in larger served traffic (system throughput) for Operator 2's network.
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[bookmark: _Ref53066896]Figure 6: Mean user throughput for different offered load points for (a) Downlink, and (b) Uplink.
[image: ]
[bookmark: _Ref53135284]Figure 7: Combined DL and UL mean buffer occupancy for different offered load points.

Based on the above analysis and discussion we observe the following
[bookmark: _Toc53776183][bookmark: _Toc61884529]It is beneficial to define NR channelization to allow full utilization of the various regional frequency allocations around the world. It is not necessary to adopt a rigid design that requires strict alignment of NR channelization with IEEE 802.11ad/ay channelization from a coexistence point of view.
2.2	Support for maximum bandwidth for 960 kHz SCS
In the above analysis we focused on the maximum channel bandwidth for 480 kHz SCS, i.e., B480 ≈ 1.6 GHz. For 960 kHz SCS, the maximum bandwidth can be increased to somewhere in the range B960 = [2000 .. 2160] MHz (see Proposal 1). We refer to this as a nominal 2000 MHz channel. We observed that if B960 is chosen to be 5 times the bandwidth of the nominal 400 MHz channels, then a B960 channel could easily be added to the preferred "full utilization" exemplary band plan shown in Figure 2 such that 5 nominal 400 MHz channels would be nested within one nominal 2000 MHz channel. If it is desired to align the NR channels with the IEEE channelization grid, despite any proof that there is a coexistence issue, then as long as the channel raster defined in RAN4 for all nominal 400/800/1600/2000 MHz has sufficient flexibility, the channels could be shifted to allow alignment as shown in Figure 4. However, we emphasize that this should not be the only configuration possibility due to problems with inefficient use of the spectrum as demonstrated above.

Conclusion
In the previous sections we made the following observations: 
Observation 1	If NR would adopt a rigid channelization design such that all channels are strictly confined to be within the 2.16 GHz channels defined by IEEE 802.11ad, a large wastage of spectrum would occur in many regions of the world.
Observation 2	It is beneficial to define NR channelization to allow full utilization of the various regional frequency allocations around the world. It is not necessary to adopt a rigid design that requires strict alignment of NR channelization with IEEE 802.11ad/ay channelization from a coexistence point of view.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Inform RAN4 that from a RAN1 perspective it is feasible to define the maximum channel bandwidth for 960 kHz SCS to be in the range B = [2000 .. 2160 MHz] and for 480 kHz SCS as B ≈ 1600 MHz, using an FFT size of 4096. The precise values of B depend at least on the desired channelization design, the desired spectral utilization value (ratio of transmission BW configuration to channel BW), and a target FFT utilization value).
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