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 Introduction
In 3GPP RAN #86 plenary meeting in December 2019, a new SID RP-193259 [1] was approved to study required changes to NR using existing DL/UL NR waveform and channel access mechanism for supporting operation between 52.6 GHz and 71 GHz. The SID can be considered as a preliminary pre-research for new WID RP-193229 [2], and it has been delayed for well-known reasons. The detailed objectives of the SID are as follows.
SID RP-193259:
This study item will include the following objectives:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   
In this contribution, we give our views on required changes to NR using existing DL/UL NR waveform, such as numerology (SCS, CP and channel BW), as well as potential problems to physical signal/channels. The analysis on channel access mechanism and evaluation can refer to our companion contributions [3-4].
 Discussion on required changes to NR in 60 GHz band
SID RP-193259 has a research prerequisite, that is, reusing existing NR waveform to support operation between 52.6 GHz and 71 GHz: CP-OFDM for DL and CP-OFDM / DFT-s-OFDM for UL. It will greatly reduce research difficulties and thus save research time. However, there are still many potential changes to be studied for above 52.6 GHz including channelization, numerology and impacts on existing physical channels/signals.
2.1 	Channelization 
In 5 GHz band, ETSI EN 301 893 V1.8.1 [5] provides a clear channelization scheme:
· Service frequency bands: 5150 MHz to 5350 MHz; 5470 MHz to 5725 MHz.
· The Nominal Centre Frequencies (fc) for a Nominal Channel Bandwidth (NCB) of 20 MHz are defined by equation: fc = 5 160 + (g × 20) MHz, where 0 ≤ g ≤ 9 or 16 ≤ g ≤ 27 and where g shall be an integer. 
Wi-Fi, LTE LAA and Rel-17 NR-U are all based on above channelization scheme, consider the impacts on incumbent RATs, and further carry out similar channelization. They have a same basic channel bandwidth with 20 MHz.
Unlike 5 GHz band, ETSI EN 302 567 V2.1.1 for 60 GHz band [6] does not offer any channelization scheme, as well as in other regional/international spectrum rule specification. However, channelization design of NR above 52.6 GHz may still need to take co-existence with other RATs into account, such as IEEE 802.11ad/ay systems, and various uses cases, such as ITS, IAB, and V2X.
The channelization used by IEEE 802.11ay [7] is shown in Figure 1.
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Figure 1: Channelization used by IEEE 802.11ay
From Figure 1, we can see the channelization of IEEE 802.11ay is based on a basic channel bandwidth of 2.16 GHz. Other supported channel bandwidths can be  GHz with , 4, which means two, three or four continuous basic channels can form 4.32 GHz, 6.48 GHz or 8.64 GHz channel bandwidth. According to Figure 1, we can calculate detailed frequency ranges of each channel with 2.16 GHz bandwidth for frequency band 57 GHz - 71 GHz in IEEE 802.11ay, as shown in the Table 1 below. 
Table 1: Channelization of 2.16 GHz channel in IEEE 802.11ay
	
	Channelization[GHz]

	
	Channel #1
	Channel #2
	Channel #3
	Channel #4
	Channel #5
	Channel #6

	Center frequency
	58.32
	60.48
	62.64
	64.80
	66.96
	69.12

	Frequency range
	57.24 - 59.40
	59.40 - 61.56
	61.56 - 63.72
	63.72 - 65.88
	65.88 - 68.04
	68.04 - 70.20



For whether to consider co-existence with IEEE 802.11ad/ay channelization, one solution is that NR above 52.6 GHz only needs to meet requirements from regional/international spectrum rule specifications. But since such kind of specifications e.g. ETSI standard does not give any channelization scheme on this band range, so NR above 52.6 GHz can ignore Wi-Fi demand in principle. If based on this consideration, NR above 52.6 GHz design is relatively simple as there is no restriction from Wi-Fi. However, this will not only lead to uncertainty on the existing Wi-Fi systems that have been already deployed in the same region, but also cause poor NR operation especially in 57 GHz - 71 GHz unlicensed band. Therefore, we suggest to align the Wi-Fi design at least in 57 GHz - 71 GHz unlicensed band. In other frequency band i.e. 52.6 GHz - 57 GHz, it can be designed uniformly with 57 GHz - 71 GHz unlicensed band or independently.
Proposal 1: When designing channelization and supported bandwidths for NR above 52.6 GHz, RAN1 should take co-existence of IEEE 802.11ad/ay into account at least in 57 GHz - 71 GHz unlicensed band. In other frequency band i.e. 52.6 GHz - 57 GHz, it can be designed in a unified way with 57 GHz - 71 GHz band or independently.
2.2 	Numerology
The band from 52.6 GHz to 71 GHz has a wide and continuous available spectrum especially for unlicensed operation. For instance, 57 GHz - 71 GHz (14 GHz) supported by the United States, 57 GHz - 66 GHz (9 GHz) supported by Europe/Japan/South Korea and etc. Among the countries/regions that have planned unlicensed frequency band, China has the narrowest range, but it also supports up to 5 GHz unlicensed spectrum in the range of 59 GHz - 64 GHz. Furthermore, considering to align with channelization of IEEE 802.11 ad/ay as discussed in section 2.1, it is feasible and necessary to support channel bandwidths larger than 400 MHz, which is the largest bandwidth supported by NR at present.
In order to support larger bandwidths (such as 2.16 GHz bandwidth or more in IEEE 802.11 ad/ay), it can be generally realized by adjusting subcarrier spacing (SCS) and the maximum number of RBs/REs.
For a high frequency band, the minimum value of SCS is mainly determined by phase noise and Doppler shift. If the CP length is fixed, the advantage of using a smaller SCS is reflected on lower CP overhead as the symbol length is relatively longer. But the smaller SCS will lead to higher phase noise, which will affect EVM. It also demands higher requirement for local oscillator which may limit the performance when the Doppler shift is relatively higher. An appropriate upper limit of SCS should be set according to the required CP overhead and multi-path delay spread. Using a large SCS will shorten the symbol length and reduce the delay. But excessive larger SCS will lead to increased CP overhead. Except for SSB, the maximum SCS for physical channels/signals supported by current Rel-16 NR is 120 kHz. In order to reduce the complexity of the design, SCS above 52.6 GHz can be scaled by an integral multiple of current supported SCS, i.e. Δf = 2μ × 15 kHz (μ can be set as 4, 5, 6 or others).
If both CP and SCS are scaled according to the power of 2, the CP lengths corresponding to each SCS are shown in Table 2 below.
Table 2: CP lengths with different SCS
	SCS (kHz)
	Symbol length
	CP length
	Overhead

	15
	66.67 us
	4.688 us
	6.57%

	30
	33.33 us
	2.344 us
	6.57%

	60
	16.67 us
	1.172 us
	6.57%

	120
	8.33 us
	585.94 ns
	6.57%

	240
	4.17 us
	292.97 ns
	6.57%

	480
	2.08 us
	146.48 ns
	6.57%

	960
	1.04 us
	73.24 ns
	6.57%

	1920
	0.5208 us
	36.62 ns
	6.57%


In OFDM mode of IEEE 802.11ay, it includes three kinds of guard interval (GI) durations: short GI with 18.18 ns, normal GI with 36.36 ns and long GI with 72.72 ns. According to Table 2, it can be seen that CP length with the largest SCS 1920 kHz is 36.62 ns, which is very close to the normal GI IEEE 802.11ay. The CP length of the SCS 960 kHz is 73.24 ns, which is similar to the long GI of 72.72 ns in IEEE 802.11ay. Although smaller CP can maintain a constant CP overhead, CP length needs to be long enough to cover multi-path delay. Compared with IEEE 802.11ay, in principle, NR above 52.6 GHz uses SCS(s) equal to or smaller than 1920 kHz, which may be feasible in the similar scenarios deployed with IEEE 802.11ay.
Increasing the number of RBs/REs will lead to a larger IFFT size that will bring more complexity to the implementation. In current NR, the maximum IFFT size is 4096 corresponding to maximum 275 RBs. If increasing the maximum number of RBs from 275 RBs to 550 RBs, it implies that the IFFT size will be increased to 8192. Therefore, we need to consider how to scale SCS and increase the number of RBs to support larger channel bandwidths. Table 3 gives some options for numerology design of NR above 52.6 GHz.
Table 3: Candidate numerology for NR above 52.6 GHz
	Candidate numerology for NR above 52.6 GHz
	
[kHz]
	
(IFFT size)
	 [MHz]
(=×N)
	# of guard tones on edge
	Bandwidth
[MHz]
	# of RBs

	Opt 1a
	240
	4096
	983.04
	398
	792.00
	275

	Opt 1b
	240
	8192
	1966.08
	398
	1584.00
	550

	Opt 2a
	480
	2048
	983.04
	196
	794.88
	138

	Opt 2b
	480
	4096
	1966.08
	398
	1584.00
	275

	Opt 3a
	960
	1024
	983.04
	98
	794.88
	69

	Opt 3b
	960
	2048
	1966.08
	196
	1589.76
	138

	Opt 3c
	960
	4096
	3932.16
	398
	3168.00
	275

	Opt 4a
	1920
	1024
	1966.08
	98
	1589.76
	69

	Opt 4b
	1920
	2048
	3932.16
	196
	3179.52
	138

	Opt 5
	480
	8192
	3932.16
	/
	<=2160
	<=375

	Opt 6
	960
	4096
	3932.16
	/
	<=2160
	<=187



Proposal 2: Numerology (SCS as well as CP) of NR above 52.6 GHz can be scaled by an integral multiple of current numerology supported by Rel-15/16 NR, i.e. Δf = 2μ × 15 kHz (FFS: μ can be set as 4, 5, 6 or others).
[bookmark: _GoBack]2.3 	Impacts on NR physical signal/channels
Rel-15/16 NR supports five cases for SS/PBCH block (SSB) patterns: Case A with 15 kHz and Case B/C with 30 kHz for FR1, Case D with 120 kHz and Case E with 240 kHz for FR2. Figure 2 shows the SSB patterns in Case D and Case E. As discussed in section 2.2, in order to support larger channel bandwidths, NR channels/signals need to support 240 kHz, 480 kHz and even higher SCS. Accordingly, considering the requirements of synchronization and measurement, SSB may also need to support larger SCS. Thus SSB patterns with higher SCS than 240 kHz need to be re-designed. The existing patterns of case D/E can be used as a starting point. In addition, sync raster in a wider bandwidth, timing and QCI with the new SCS also may also need to be considered.

Figure 2: SSB patterns in Case D and Case E
The existing PDCCH/PDSCH supports up to 120 kHz SCS, which needs to be extended as well. For PDSCH, the necessity and duration(s) of Type-B mapping with higher SCS could be considered. The association SSB, Type0-PDCCH and RMSI should be studied for better initial access. DL burst detection and dynamic PDCCH monitoring can refer to Rel-16 NR-U conclusions. For a wider carrier bandwidth, how to configure BWP, RB-set, SSS and CORESET should also be studied.
In sub7GHz NR-U, new long PRACH sequences are introduced to satisfy the OCB requirements. In above 52.6GHz, if the channel bandwidth for LBT is extended to for example 2.16GHz, the existing PRACH sequences are not appropriate as well. The higher SCS and longer sequence of PRACH may need to be considered.
For NR UL, the PUSCH scheduling scheme in Rel-16 can be reused, such as multiple TTIs scheduling and slot aggregation. In unlicensed band, the enhanced dynamic HARQ-ACK codebook and one-shot HARQ-ACK feedback introduced in Rel-16 NRU can still be supported. However, if useInterlace-PUCCH-PUSCH is enabled, then the interlace structure may need to re-design as larger bandwidth is supported for UE. Besides, if directional LBT is performed, how to improve the transmission opportunity for PUSCH/PUCCH should be considered.
Proposal 3: If introducing new numerology and wider bandwidth, the impacts on existing NR physical channels/signals should be considered for NR above 52.6 GHz.
 Conclusion
In this contribution, we discuss NR above 52.6 GHz band operation and have the following proposal.
Proposal 1: When designing channelization and supported bandwidths for NR above 52.6 GHz, RAN1 should take co-existence of IEEE 802.11ad/ay into account at least in 57 GHz - 71 GHz unlicensed band. In other frequency band i.e. 52.6 GHz - 57 GHz, it can be designed in a unified way with 57 GHz - 71 GHz  band or independently.
Proposal 2: Numerology (SCS as well as CP) of NR above 52.6 GHz can be scaled by an integral multiple of current numerology supported by Rel-15/16 NR,  i.e. Δf = 2μ × 15 kHz (FFS: μ can be set as 4, 5, 6 or others).
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993]Proposal 3: If introducing new numerology and wider bandwidth, the impacts on existing NR physical channels/signals should be considered for NR above 52.6 GHz.
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