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1. Introduction

In last RAN1 meeting, some agreements on the required changes on supporting NR from 52.6GHz to 71 GHz have been achieved [1]. 

Agreement:
For NR system operating in 52.6 GHz to 71 GHz, 

· NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier;

· Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz;

· If subcarrier spacing 240 kHz or below are supported, NR in 52.6 to 71 GHz is expected to use normal CP length only (does not have any implications on whether ECP is supported for the higher subcarrier spacings, if supported).

Conclusion:

RAN1 continues study and specification effort for both licensed and unlicensed operation for supporting NR from 52.6 GHz to 71 GHz SI.

· RAN1 strives for maximum commonality for the system design for licensed and unlicensed operation for NR from 52.6GHz to 71GHz, and for maximum re-use of the existing NR design

Agreement:
· Instruct rapporteur to create dedicated (sub-)section for set of identified issues for physical layer NR design.

· Endorse following text proposal as introduction to the (sub-)sections for discussing identified issues for physical layer.

· For supporting NR operation in both licensed and unlicensed band in the frequency range from 52.6 GHz to 71 GHz, FR2 numerologies and additional numerologies beyond that supported currently in NR are studied. Existing framework for numerology scaling is considered i.e.  2μ ×15 subcarrier spacing to select the candidates. For SSB transmissions, it is investigated whether or not µ>4 (larger than 240 kHz) is needed and corresponding impacts, if any, on the aspects including at least SSB pattern, multiplexing of other signal/channels, and transmission window, if supported. For data and control channel transmissions, it is investigated if µ>3 (larger than 120 kHz) is needed and corresponding impacts, if any, on aspects including at least processing timelines, PDCCH monitoring capability (BD/CCE), scheduling enhancements, beam-management, and reference signal design. For investigating the need for higher numerologies, some of the key aspects that are studied are the impact due to phase noise, delay spread, TAE, analog beam switching delay, and impact to coverage, spectral efficiency and peak data rates, and relative delay in intra-cell/inter-cell multi-TRP operations.

Agreement:
· Study whether or not different SSB patterns should be supported for licensed and unlicensed bands.

· For each licensed and unlicensed band, if issues are identified for reuse of existing SSB, consider at least the following aspects for SSB

· Beam switching gap between SSB(s) and between SSB and other signal(s)/channel(s)

· SSB pattern in time domain

· Whether or not it is needed to define a transmission window (such as DRS window), and if needed, number of SSB transmission opportunities within a transmission window

· For each licensed and unlicensed band, if issues are identified for reuse of all or some of the existing SSB and CORESET#0 multiplexing pattern, consider at least the following aspects for SSB, CORESET#0, and other signal/channel design

· Supported multiplexing pattern type(s) (Pattern 1, 2, and/or 3) for SSB and CORESET#0 multiplexing.

· Multiplexing of other signal/channels (e.g. RMSI, paging, CSI-RS) with SSB

· Configuration of Type0-PDCCH search space set 

Agreement:
RAN1 at least considers the following aspects for determination of supported SSB subcarrier spacing

· Detection performance of SSB (including PSS, SSS, PBCH DMRS, and PBCH) and SSB coverage requirement

· Impact on initial cell search complexity due to frequency errors (e.g. carrier frequency offset, Doppler shift, etc)

· Timing detection accuracy and its relation to uplink transmission accuracy

· Signaling design for supporting different subcarrier spacing for SSB and CORESET#0 (if supported)

· Multi-TRP delay considerations

· Consideration of SSB-based RRM/RLM and beam management if the SSB SCS is significantly different from that of the active BWP (e.g., switching gap, scheduling constraint, etc.)

Agreement:
Consider the at least following aspects for PRACH design of NR operating in 52.6 GHz to 71 GHz

· PRACH coverage requirements 

· applicable PRACH Sequence length(s) and subcarrier spacing(s) for PRACH, including any impact on PRACH coverage and capacity from the applicable sequence length(s).

· RACH RO configurations with new SCS (if new SCS is supported)

· LBT gap between RACH occasions (RO)

Agreement:
Consider at least the following aspects of PT-RS design for a given SCS

· Phase noise compensation performance of existing PT-RS design

· Study of need of any modification/changes to existing PT-RS design

· Potential modification to the PT-RS pattern or configuration to aid performance improvement for CP-OFDM and DFT-s-OFDM waveforms (if needed)

· Potential methods to aid ICI compensation at the receiver (if needed)

Agreement:
Consider at least the following aspects of DM-RS design for a given SCS

· Channel estimation performance of existing DM-RS design with existing and new SCSs (if any)

· Study whether there is a need of any modification/changes to existing DM-RS design

· Potential modification or introduction of new DM-RS pattern, configuration or indication to aid performance improvement for CP-OFDM and DFT-S OFDM waveforms (if needed)

Agreement:
Consider at least the following aspects of processing timelines for new SCS (if agreed) that are not currently supported,

· appropriate configuration(s) of k0, k1, k2,

· PDSCH processing time (N1),

· PUSCH preparation time (N2),

· HARQ-ACK multiplexing timeline (N3)

· CSI processing time, Z1, Z2, and Z3, and CSI processing units

· Any potential enhancements to CPU occupation calculation

· Related UE capability(ies) for processing timelines

· minimum guard period between two SRS resources of an SRS resource set for antenna switching

Agreement:
Consider at least the following aspects of PDCCH monitoring for a given SCS

· For new SCS, if agreed, that are not supported in Rel-15/16 NR,

· investigate on the maximum number of BDs/CCEs for PDCCH monitoring per time unit

· e.g. slot as Rel-15, or new scheduling/monitoring unit

· any potential limitation to PDCCH monitoring configurations (e.g. search spaces, DCI formats, overbooking/dropping, etc) to help with UE processing, if needed

· e.g. increased minimum PDCCH monitoring unit

· potential enhancements for CORESET, if needed

· related UE capability(ies) for PDCCH processing

Agreement:
Consider at least the following aspects of scheduling for BWP with a given SCS

· Study of frequency domain scheduling enhancements/optimization for PDSCH/PUSCH, if needed

· e.g. potential impact to UL scheduling if frequency domain resource allocation with different granularity than FR1/2 (e.g. sub-PRB, or more than one PRB) is supported

· Study of time domain scheduling enhancements for PDSCH/PUSCH, if needed

· e.g. increasing the minimum time-domain scheduling unit to be larger than one symbol, supporting multi-PDSCH scheduled by one DCI, supporting one TB mapped to multiple slots (i.e., TTI bundling)

· Study potential enhancements or alternatives to the scheduling request mechanism to reduce scheduling latency due to beam sweeping, if needed

Agreement:
Consider at least the following aspects for uplink transmission

· Study of potential enhancements for PUSCH/PUCCH/PRACH transmissions to achieve higher transmit power (when transmit power spectral density limits apply), if needed

· Study whether uplink interlace needs to be supported for unlicensed operation in 60 GHz band.

· If supported, study uplink PRB and/or sub-PRB based interlace design for PUCCH, PUSCH, and/or SRS.

Agreement:
Study single carrier and multi carrier operations for achieving wide bandwidth utilization, while at least considering aspects such as control signaling overhead, transceiver complexity, spectral efficiency, etc.

Agreement:
Consider at least the following aspects in system operations with beams 

· Study of BFR mechanism enhancements, if supported

· e.g., the use of aperiodic CSI-RS for BFR, increased number of RSs for monitoring/candidates and efficient utilization of the increased number of RSs, enhanced reliability to cope with narrower beamwidth

· Study of UE capabilities on beam switch timing in beam management procedure

· Study of enhancements for beam management and corresponding RS(s) in DL and UL are needed further considering at least the following aspects, if supported:

· beam switching time, beam alignment delay (including initial access), LBT failure, and potential coverage loss (if large SCS is supported)

· Study of beam switching gap handling for signals/channels (e.g. CSI-RS, PDSCH, SRS, PUSCH) for higher subcarriers spacing, if supported

Agreement:
· Consider the study of at least the following aspects, including the justification for the features and their potential benefits, if applicable

· System overhead impact from TDD switching time for larger subcarrier spacing

· Coverage enhancement mechanisms for control channels and SSB, if larger SCS is supported

· Any potential modifications to HARQ processes including number of processes, if supported

· Impact from MAC buffering for larger subcarrier spacing, if any

· NR channelization/sub-channelization and any potential impact from RAN1 perspective

· Additional RF impairments that impact evaluations

· Impact on BWP switching procedure due to new higher SCS, if supported

· Support of rank 2 transmission for DFT-s-OFDM in the uplink

· Other aspects and impacts due to introduction of higher SCS are not precluded.

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, NR should be designed with maximum FFT size of 4096 and maximum of 275RBs per carrier. Candidate supported maximum carrier bandwidth(s) for a cell is between 400 MHz and 2160 MHz. 
Table 1 gives the maximum bandwidth and SCS under legacy framework. Maximum bandwidth over 1GHz could be supported by 480 and 960 kHz SCS. With 960kHz SCS, single channel can support to 3.2GHz in theory. 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. With so many slots in 1ms, it is also a big challenge for UE detection and transmission capability. Besides, there will be coverage problems since the extreme short CP length. As for 960kHz SCS, the challenges mentioned above are even greater.
Table 1: Maximum Bandwidth and SCS under legacy framework
	SCS(kHz)
	BW(MHz)

	120
	400

	240
	800

	480
	1600

	960
	3200


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: 240kHz SCS should be supported for 52.6-71GHz. 480kHz SCS is FFS.
2.2 SSB enhancements
The potential enhancements for 52.6-71GHz are highly related to the usage of new SCS. If 480kHz or 960kHz SCS is introduced to support over 1GHz single channel bandwidth, lots of specification works are required. New SSB design for 480kHz or 960kHz SCS will be considered. Accordingly, CORESET#0 and other related designs should also be standardized. With larger SCS, UL/DL channel, HARQ, UE capabilities and other aspects should also be enhanced.
If 120kHz SCS and/or 240kHz SCS is used for data channel transmission, SSB pattern with SCS 240kHz and multiplexing pattern for SSB and related CORESET#0 could be enhanced. The main motivation for SSB and related CORESET#0 enhancements is to match LBT requirements in unlicensed band. In order to minimize the combination of SSB and CORESET#0, <240kHz,240kHz> and/or <240 kHz,120 kHz > could be considered. 
SSB design for SCS 240kHz for licensed band has already been supported and could be used multiplexing with SCS 60 and 120kHz. Such design is not optimized for 52.6-71GHz unlicensed deployments. With the wide bandwidth, <240kHz,240kHz> should be considered as the main use case. The enhancements for SSB design with SCS 240kHz in time domain could be considered to match the LBT mechanism and maximize channel access opportunities. One option is to reallocate one SSB in the first seven symbols and the last seven symbols in each time slot. 64 candidate positions are distributed in 32 time slots. Besides, 16 SSBs could be considered as one group and 4 SSB groups are allocated within 4ms.
For SSB design of FR2, SCS of SSB is greater than or equal to CORESET#0. If SCS 480kHz is used for data channel, then SSB design for SCS 480kHz should also be supported. The SSB position of SCS 480kHz can also be designed in the first seven symbols and the last seven symbols in each time slot. Considering multiplexing with SCS 240kHz data channel, the first symbol of SSB in each slot could be in the 3rd and 10th symbol. For SCS 480kHz, there will be 32 slots in 1ms. The number of candidate positions for SSB in 5ms could be increased to 128. 32 candidate positions could be bundled in one group and 4 groups are allocated within 4ms.
In order to simplify the design load, SSB and CORESET#0 multiplexing pattern 1 can be used as the baseline. SSB and CORESET#0 multiplexing pattern 2 and 3 could also be considered due to the wide bandwidth. 
Proposal 2: SSB design for SCS 240kHz and 480kHz could be considered.
2.3 PDCCH monitoring enhancements
With the increasing of SCS, the number of time slots in 1ms increases rapidly. If the number of PDCCH monitoring in each time slot remains unchanged, like more than 40 times per slot, the requirement for UE detection is unreasonable for SCS 240kHz or 480kHz. PDCCH monitoring times could be defined based on multi-slot. 

The enhancements of PDCCH monitoring should combine with the enhancements of PDSCH. If multi-slot based PDCCH monitoring is used, multi-slot based PDSCH scheduling should be specified accordingly. Besides, if slot based PDSCH scheduling is still necessary for URLLC or other service, then the design of PDCCH monitoring should also consider the special cases. 
Proposal 3: The enhancement for PDCCH monitoring for 52.6-71GHz should also consider the requirements from PDSCH scheduling.
2.4 PUSCH enhancements
According to the regulation requirements for 52.6-71GHz, minimum Occupied Channel Bandwidth (OCB) is still proposed in some regions. 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 4: In order to meet the requirements of minimum OCB, some enhancement on interlace design with unregular RB number might be considered.

3. Conclusion
In summary, the following proposals are provided:
Proposal 1: 240kHz SCS should be supported for 52.6-71GHz. 480kHz SCS is FFS.
Proposal 2: SSB design for SCS 240kHz and 480kHz could be considered.
Proposal 3: The enhancement for PDCCH monitoring for 52.6-71GHz should also consider the requirements from PDSCH scheduling.
Proposal 4: In order to meet the requirements of minimum OCB, some enhancement on interlace design with unregular RB number might be considered.
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