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Introduction
The study item on supporting NR from 52.6 GHz to 71 GHz [1] was approved at RAN#86. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [2]. 
This contribution deals with required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz. More specifically, we consider the following objectives of the approved study item: 
· 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].
Discussion
Numerology, SCS and deployment scenarios
In RAN4 #86e meeting, the following agreements has been researched [3]:
· Further evaluation on feasibility of SCS 120 kHz to 960 kHz, and FFS on 1920 kHz;

SCS is key system parameter and tightly related to system features. Table 1 shows the candidate subcarrier spacing options for the 52.6 GHz to 71 GHz scenario. Cases with µ>6 are not considered anymore since they have had only limited support in 3GPP discussions.
Table 1. Candidate numerologies for data and control channels, 52.6 – 71 GHz
	

	

	Cyclic prefix

	3
	120
	Normal

	4
	240
	Normal

	5
	480
	Normal, Extended?

	6
	960
	Normal, Extended?



Minimizing the number of new SCS values would minimize the specification & implementation complexity for the 60 GHz solution. It is widely recognized that operation based on 120 kHz SCS is a reasonable option for the 60 GHz band at least in some scenarios. For example, it is a good choice for coverage limited scenarios, and it can be supported with minimal changes on top of the existing FR2 design. However, when using 120 kHz SCS, the maximum channel bandwidth (w/o carrier aggregation) is limited to 400 MHz. Furthermore, when using 120 kHz SCS special attention needs to be paid for phase noise mitigation, especially when using modulation orders higher than 16QAM. In [4] it has been shown that 120 kHz is feasible at least up to 64 QAM when ICI-compensation is used.
A high subcarrier spacing is needed to support wider bandwidths, such as BW > 400 MHz also w/o carrier aggregation, and to enable good performance for high modulation orders (i.e. 64QAM and higher) with reasonable receiver complexity. One target scenario for the operation with a high subcarrier spacings is indoor. Based on the discussion in the subsequent sections and the simulation results shown in [4], 960 kHz SCS is considered to be the best SCS option for the scenarios requiring high data rates with reasonable implementation complexity and smooth coexistence with WiGig. Hence, we think that only one additional subcarrier spacing value (µ=6) is needed for 60GHz scenario, on top of the existing FR2 numerologies.

Observation 1: Considering specification effort, coexistence with WiGig indoors, low delay spread in coverage limited scenarios, and low implementation complexity, it seems that only one additional subcarrier spacing, particularly value of (µ=6) for physical data channels would be sufficient for 60 GHz scenario.
Channel bandwidth including maximum bandwidth
The following bandwidth was agreed to be further discussed [3]:

· The maximum supported channel bandwidth between 400 MHz and 2160 MHz, 
· The minimum supported channel bandwidth between 50 MHz and 800 MHz

Channelization and sub-channelization:
In [6], ITU-R recommends 2.16 GHz channel bandwidth for multiple gigabit wireless systems (MGWS) on the grounds that MGWS standards should employ the same channelization for better coexistence. As discussed in [2], 802.11ad/ay systems currently support multiple of 2.16 GHz blocks in 52.6 GHz to 71 GHz unlicensed spectrum. In order to maximize the coexistence between WiGig, it makes sense to consider 2.16 GHz as the baseline channelization for NR above 52.6 GHz.
One of the basic features of NR is variable bandwidth operation and it needs to be supported also when operating at a 2.16 GHz channel (@ 60GHz band). Narrowband operation will enable a higher power spectral density, which has positive impact to the cell throughput in coverage limited scenarios, as shown e.g. in [5]. A natural starting point for the narrowband operation is to support 400 MHz bandwidth also for 60 GHz scenario. It can be noted that 400 MHz bandwidth is sufficient to provide the maximum allowed EIRP under conditions of limited maximum power spectral density (dBm/MHz). 
RAN1 #102-e made an agreement to “consider the study of NR channelization/sub-channelization, including the justification for the features and their potential benefits”. A motivation behind is to facilitate efficient interference management for wideband/narrowband operation. Sub-channelization can be seen as “channelization for narrowband operation”, which aims at avoiding partial overlap between transmissions from adjacent gNBs/UEs. Figure 1 shows an example where 2.16 GHz channel is split into five sub-channels of 432 MHz. In this scenario, sub-channelization would mean that up-to 400 MHz transmission should be confined within one sub-channel, up-to 800 MHz transmission within two consecutive sub-channels (within a 2.16 GHz channel) and so forth. 
Proposal 1: Define channelization according to 2.16 GHz CBW, which is preferred from coexistence point of view.
Proposal 2: Support sub-channelization for 2.16 GHz channels to facilitate smooth coexistence for narrowband operation.
[image: ]
Figure 1. Five subchannels within a 2.16 GHz channel.

Bandwidth & BW extension

It’s well-known that subcarrier spacing, and the maximum channel bandwidth supported go hand by hand – the higher the SCS, the higher is the BW supported by given number of PRBs (up-to 275).  
Carrier aggregation is a way increase the BW beyond the limitations of a single component carrier. Table 2 shows the number of component carriers needed to fill a 2.16 GHz channel. It assumes spectrum usage efficiency > 90% and up-to 275 PRBs/carrier. It shows that
· 960 kHz SCS is needed to support 2.16 GHz CBW without CA. 
· 480 kHz SCS requires two CCs 
· 120 kHz SCS requires 5 CCs.
Minimizing the number CCs will reduce both the system complexity and overhead (e.g. guard band). It will also influence UL coverage since MPR for different CA scenarios is much larger compared to that of single carrier transmission (the biggest MPR difference exists just between 1CC and 2CCs). This is the case especially when applying DFT-S-OFDM transmission in UL. 
Table 2. # of component carriers needed to reach spectrum usage efficiency > 90%, 2.16 GHz CBW.
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As shown in Table 2, carrier aggregation provides opportunities for wideband operation with 120 kHz SCS (at the expense of implementation complexity & overhead). Nevertheless, it allows maximal reuse of FR2 hardware in the scenarios where the phase noise is manageable. Furthermore, it provides efficient coexistence among UEs with different bandwidth capabilities. In order to support CA within a 2.16 GHz band, n x 400 MHz BW capabilities need to be supported (n= [ 2, 3, 4, 5]). 
There are multiple 2.16 GHz chunks available at 60 GHz band. Based on that it makes sense to consider wideband operation involving multiple 2.16 GHz channels. One related question is: how many component carriers are needed to fill m*2.16 GHz with a reasonably high spectrum usage efficiency (>90%) and up-to 275 PRBs? This is considered in Figure 2 and it shows that 960 kHz SCS requires considerably smaller number of CCs compared to 480 kHz SCS. 
   
[image: ]
[bookmark: _Ref52969700]Figure 2. Number of CCs needed to support a wide channel BW.
 
Observation 2: For given bandwidth, 960 kHz SCS supports considerably smaller number of component carriers (CC) compared to 480 kHz SCS. Reduced number of CCs allows for smaller system complexity, smaller system overhead and better RF efficiency (e.g. lower MPR).  

Proposal 3: For operation without CA, support two CBWs: 400 MHz (120 kHz) and 2.16 GHz (960 kHz)
Proposal 4:  Support CA within a 2.16 GHz channel, and between 2.16 GHz channels
Proposal 5:  Consider n x 400 MHz, n= [2, 3, 4, 5] as the supported channel BW options for​ CA operation within a 2.16 GHz channel 

Conclusion 
In this contribution numerologies, channel bandwidths and channel arrangement for NR operation above 52.6 GHz was discussed. The following observations and proposals were made
Observation 1: Considering specification effort, coexistence with WiGig indoors, low delay spread in coverage limited scenarios, and low implementation complexity, it seems that only one additional subcarrier spacing, particularly value of (µ=6) for physical data channels would be sufficient for 60 GHz scenario.

Observation 2: For given bandwidth, 960 kHz SCS supports considerably smaller number of component carriers (CC) compared to 480 kHz SCS. Reduced number of CCs allows for smaller system complexity, smaller system overhead and better RF efficiency (e.g. lower MPR).  

Proposal 1: Define channelization according to 2.16 GHz CBW, which is preferred from coexistence point of view.
Proposal 2: Support sub-channelization for 2.16 GHz channels to facilitate smooth coexistence for narrowband operation.
Proposal 3: For operation without CA, support two CBWs: 400 MHz (120 kHz) and 2.16 GHz (960 kHz)
Proposal 4:  Support CA within a 2.16 GHz channel, and between 2.16 GHz channels
Proposal 5:  Consider n x 400 MHz, n= [2, 3, 4, 5] as the supported channel BW options for​ CA operation within a 2.16 GHz channel 
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