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1. Introduction

In RAN plenary #86, a new study item on supporting NR from 52.6GHz to 71 GHz is approved. The scope of the SI includes [1]:

· 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 will provide some discussions on the required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz.
2. Discussions 
2.1 SCS and channel BW
There are some basic assumptions for current NR design below 52.6GHz. The maximum SCS is 240kHz for SSB and 120kHz for other channels. FR1 supports 100MHz single carrier bandwidth and FR2 supports 400MHz bandwidth with 275 PRB limitation. 
For 52.6-71GHz, the available bandwidth is more than 1GHz considering the usage of each country [2]. If it is necessary to support single channel bandwidth of 1GHz and above, a larger SCS should be considered under the existing framework. The candidates of larger SCS might include 480kHz or 960kHz. With 960kHz SCS, single channel can support to 3.2GHz in theory. However, considering the influence of standards and hardware, 960kHz SCS is not proposed for 52.6-71GHz. With 480kHz SCS, the maximum single channel bandwidth can reach 1.6GHz. It seems that 480kHz SCS is a better choice for supporting single channel bandwidth of 1GHz and above.
In general, there are three options for single channel bandwidth:
· Option 1: Support 1.6GHz maximum single channel bandwidth with 480kHz SCS;
· Option 2: Support 800MHz maximum single channel bandwidth with 240kHz SCS;

· Option 3: Support 400MHz maximum single channel bandwidth with 120kHz SCS;

Based on the current NR framework, if 480kHz SCS is supported, the number of slots in 1ms will increase to 32. Accordingly, the length of each slot is about 30us, which is close to one symbol length of 30kHz SCS. For slot-based data transmission, considering the limit of HARQ number, there will be several DL/UL switching within 1ms. This will cause a lot of unnecessary system overhead. For the operation in unlicensed band, LBT is required for DL/UL switching, and frequent LBT will bring extra overhead. Besides, with so many slots in 1ms, it is also a huge challenge for UE detection and transmission capability.
Comparing with Option 1 and Option 3, Option 2 is a compromise. Supporting 240kHz SCS for data channel could use 800MHz single channel bandwidth. The number of slots within 1ms is 16, and the UE implementation challenge is smaller. Even though the maximum single channel bandwidth is below 1GHz, it has some advantages over the maximum single channel bandwidth of 400MHz.
For option 3, it has the advantage of reusing legacy design and minimize the specification works. However, from the point of view of supporting big channel bandwidth, like over 5GHz, in unlicensed band, 120kHz might not be the best option.
When we choose the maximum single channel bandwidth for 52.6-71GHz, LBT bandwidth should also be considered. LBT bandwidth is an important factor for the choice of SCS. If the selected LBT bandwidth is too small, the number of LBT used for supporting large bandwidth will be large, which will affect the efficiency of large bandwidth operation. At the same time, if there are too many RBs within one LBT bandwidth, the minimum RB numbers within a BWP also increase and it is not good for UE energy saving. According to the design in NR-U, 20MHz LBT bandwidth is used containing about 50 RBs for 30kHz SCS and 100RBs for 15kHz SCS in FR1. If interlace based uplink transmission is also required for 52.6-71GHz, 50/100 RBs based interlace design is also proposed to minimize the extra specification works. For SCS 120kHz, the LBT bandwidth of 100 RBs is about 160MHz. If a larger LBT bandwidth, such as over 300MHz, is used to match different systems, it is more appropriate to consider a larger SCS.
In summary, in order to match the characteristics of unlicensed band and large bandwidth:
Proposal 1: 120kHz and 240kHz SCS should be considered for 52.6-71GHz.
2.2 Potential critical problems to physical signal/channels 
The potential enhancements for 52.6-71GHz are highly related to the usage of new SCS. According to the discussion on Option1, if 480kHz SCS is introduced to support over 1GHz single channel bandwidth, lots of specification works are required. New SSB design for 480kHz SCS will be considered. Accordingly, CORESET#0 and other related designs should also be standardized. With 480kHz SCS, UL/DL channel, HARQ, UE capabilities and other aspects should also be enhanced.
If only 240kHz SCS is introduced for data channel transmission, SSB and CORESET#0 design should be enhanced. Besides, in order to support varies of traffic type, different SCS should be considered for 52.6-71GHz. UE capabilities for 240kHz SCS should be defined.
For option 3, even though no new SCS is introduced, some enhancements on SSB and related CORESET#0 could be considered to match the LBT requirements in unlicensed band. If only 120kHz SCS is used for data channel, then the enhancement for SSB and CORESET#0 could be limited on <120kHz,120kHz> or <240 kHz,120 kHz >.
Proposal 2: SSB design with 120kHz SCS and/or 240kHz SCS should be enhanced to match unlicensed band requirements.

According to the regulation requirements for 52.6-71GHz, there is no limit on the minimum Occupied Channel Bandwidth (OCB) [2]. The existing design of PUSCH and PUCCH support interlace based transmission to meet the minimum OCB requirement. If the minimum OCB requirement should also be met for data transmission within 52.6-71GHz, some enhancements should be considered for interlace design with unregular RB number. On the other hand, without minimum OCB restriction, legacy frequency resource allocation type 0 and type 1 are flexible enough.
Proposal 3: It should be clarified that whether data transmission within 52.6-71GHz needs to meet the limit of minimum OCB.

3. Conclusion
In summary, the following proposals are provided:
Proposal 1: 120kHz and 240kHz SCS should be considered for 52.6-71GHz.
Proposal 2: SSB design with 120kHz SCS and/or 240kHz SCS should be enhanced to match unlicensed band requirements.

Proposal 3: It should be clarified that whether data transmission within 52.6-71GHz needs to meet the limit of minimum OCB.
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