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[bookmark: _Ref506539118]Introduction
In this contribution, we discuss aspects related to initial access for extending NR up to 71 GHz. The WI for extending NR up to 71 GHz was approved in [1]. The following are the approved WI objectives. 
	Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]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. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS (480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum 
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.
Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
Radio interface protocol architecture and procedures [RAN2]:
· For operation in this frequency range: Introduce higher layer support of enhancements listed above that are agreed to be specified.
Core specifications for UE, gNB and RRM requirements [RAN4]:
· Specify new band(s) for the frequency range from 52.6GHz-71GHz. The band(s) definition should include UL/DL operation and excludes ITS spectrum in this frequency range.
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· Specify RRM/RLM/BM core requirements.

Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.
Note 2: UEs supporting a band in the range of 52.6GHz-71GHz are not required to support 480kHz SCS and 960kHz SCS.
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.
Note 4: the system is designed to support both single-carrier and multi-carrier operation.
[bookmark: _Hlk58594589][bookmark: _Hlk58524207]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.Similar to regular NR and NR-U operations below 52.6GHz, NR/NR-U operation in the 52.6GHz to 71GHz can be in stand-alone or aggregated via CA or DC with an anchor carrier.  



The main issues discussed in the following section for initial access are numerology supported for synchronization signal block (SSB), SSB transmission patterns (within a slot and within SSB periodicity), PRACH related issues, and discovery reference signal (DRS) related operations. 

Discussion on Initial Access Aspects
Numerology for SSB and Support for Single Numerology Operation
With the support of 120 kHz, 480 kHz, and 960 kHz subcarrier spacing (SCS) for data and control channels for NR operating in the 60 GHz band, it’s important to review how different SCS will be utilized from use case perspective. As this gives insights on how the rest of the signals should be used together.  Although there could be several use cases that could be applicable for different SCS, one of the main, and from our perspective the most important, use case for the larger SCS, e.g. 960 kHz, deployments that are expected to require very high aggregated throughput but not necessarily require large coverage. Some examples could be industrial deployment scenarios such as data center inter-rack connectivity or enterprise indoor hot spot type of deployments.
Because achieving high data rates above 10Gbps is no simple feat, the ability to optimize transceiver processing is important. From this perspective, it is critical for NR operating in 60 GHz band to have the ability to work with a single numerology. Transceivers that only require to work with a single numerology for all signals and channels can be easily optimized and signal processing can be pipelined in an efficient manner. While support of mixed numerology in FR1 was fairly critical to address URLLC services, the slots durations for 480 kHz and 960 kHz are small enough that additional multiplexing of other SCS together doesn’t necessarily result in improvements or enable specific application services. Multiplexing of 480 or 960 kHz SCS with a different numerology only adds operational and implementation complexity.
[bookmark: _Hlk61622386]Observation 1:
· Single numerology operation can enable efficient transceiver implementation and operation.

Currently, the numerology of SSB and Type0-PDCCH that has been agreed so far is 120 kHz SCS. The support for 240, 480, and/or 960 kHz SCS is left for further discussion. When 120 kHz SCS data and control channel is used, use of 120 kHz SCS for SSB and initial BWP allows single numerology operation. For 480 and 960 kHz SCS data and control channel, we propose to support 480 and 960 kHz SCS for SSB and initial BWP, to benefit from single numerology operation. This does require RAN1 to work and specify the SSB patterns for 480 and 960 kHz SCS. However, we believe same framework and design could be applicable simply by scaling the numerology between 480 and 960 kHz SCS.
For NR operating in 60 GHz band, use of 480 kHz and 960 kHz SCS was made optional for UEs. This doesn’t necessarily mean SSB cannot be based on 480 or 960 kHz SCS. The use cases for 60 GHz also include enterprise and industrial deployments where single vendor has control of the feature sets that UE and gNB should support. Therefore, we believe even if 480 and 960 kHz SCS are optionally supported and some UE may not support this, this should not be a reason to preclude gNB to deploy a system with 480 or 960 kHz SCS for SSB and initial BWP.
Proposal 1:
· Support 480 kHz and 960 kHz SCS for SSB and initial BWP. 
· Same SSB pattern and Type0-PDCCH CSS configuration to be applicable to 480 kHz and 960 kHz with numerology scaling.

SSB and CORESET#0 Resources
In Rel-16 (FR1), 15kHz and 30kHz SCS was supported for SS/PBCH block (SSB) in 5 GHz and 6 GHz bands and only multiplexing pattern 1 (TDM of Type0-PDCCH and SSB) was supported. In FR2, for 120 kHz, SSB pattern within a pair of slot is defined as SSBs located at symbols {4, 5, 6, 7}, {8, 9, 10, 11} in the first slot of the slot pair and at {2, 3, 4, 5}, {6, 7, 8, 9} in the second slot of the slot pair, where symbol indices are enumerated from 0 starting from beginning of a slot.
[image: ]
Figure 1: SSB Pattern when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz
For the design of SSB SCS of 480 kHz and 960 kHz, we can leverage the design criterion that were considered for Rel-15 SSB resource pattern designs. The following are some consideration that we believe are useful and important for SSB resource and Type0-PDCCH resource placements.
· Support possibility of time contiguous transmission within a DRS transmission occasion and to maximize the transmission opportunities of a SSB transmission. It is beneficial to co-locate a RMSI-CORESET with an associated SSB, since it will allow transmission of SSBs in the second half of a slot in case of failed LBT attempts at the beginning of the slot. Even if LBT is not utilized by SSB and RMSI, co-locating the resources for SSB and LBT, placing the SSB and RMSI in the same slot allows same beam to be utilized for both signals, which enabled efficient transmission of broadcast channel that require to be transmitted in multiple beam directions
· Support of sufficient gap for beam switching between consecutive SSBs. When subcarrier spacing of SSB was small, the CP at the beginning of SSB might have been sufficient to absorb any beam transitional effects between two different SSB and different beam. However, for larger SCS, such as 480 kHz and 960 kHz, the CP duration could be not sufficient. Therefore, supporting at least 1 symbol gap between SSB could help with beam switching.
In case UE needs to perform measurement of neighbour cells at the same time as serving cell SSB reception, the UE may not be expected to receive PDCCH on SSB symbols to be measured, and on 1 data symbol before and after each consecutive SSB symbols to be measured. This scheduling restriction was imposed in RAN4 to alleviate complexity burden at the receiver and to allow UEs operating with a single antenna array panel (as simultaneous reception of neighbour cell SSB and serving cell signals could require multiple beams and panels). One aspect that was considered during Rel-15 SSB resource pattern design was support of short uplink transmission in the same slot as SSB. For SSB with 480 or 960 kHz, we believe this specific consideration is no longer needed. The slot duration for 480 and 960 kHz is 4 and 8 times magnitude shorter than 120 kHz. Therefore, instead of having few symbols not occupied by SSB in a slot, it is much more beneficial to have an UL slot every few slots that do not contain SSB. Non-SSB carrying slots can be then further utilized for any potential uplink transmission. 
Taking the above design factors into account, we propose the SSB pattern shown in Figure 3, where SSBs are located at symbols {2, 3, 4,5}, {9, 10, 11, 12} in both the slots.  Type0-PDCCH CORESET can be placed {0,1} and {7,8}, which will allow co-located placement of RMSI and SSB for efficiency and provide sufficient gap between SSB for any potential beam switching delay. To avoid further complication, we propose to use the same SSB placement within a slot for all SSB containing slots. This can simplify specification and implementation efforts.
 [image: ]
Figure 2: Proposed SSB Pattern for SCS 120kHz and higher
Proposal 2: 
· Consider 480 kHz and 960kHz SCS based SSB positions in a slot with SSB symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot.
· Note: symbols numbers are enumerated from 0. 
As mentioned above, Type0-PDCCH search space and can be placed in symbols {0,1} and {7, 8} for each SSB. If used with type 1 CORESET#0 multiplexing pattern (i.e. TDM), all symbols occupied by SSB can be also utilized by RMSI for transmission, which allows efficient multiplexing of RMSI and SSB and save beam sweeping overhead. 
Proposal 3: 
· Consider only SSB and CORESET#0 multiplexing pattern 1 for 480 and 960 kHz SCS.
· Type0-PDCCH CSS may utilize symbols {0,1} and {7,8} that correspond to SSB in the first half and second half of the slot. 

Supported PRACH Formats and PRACH RO configuration
To benefit from single numerology operation in the UL, we propose to support SCS 480 kHz and 960 kHz for PRACH transmissions. In this case, there is no issues with PRACH preamble detection performance as reported in the most recent study on NR extension up to 71 GHz [2] where candidate SCSs 120 kHz, 480 kHz and 960 kHz have demonstrated almost no difference in terms of required SINR to achieve the target misdetection rate of 1%. Some debates could happen around insufficient coverage of PRACH preamble if SCS 480 kHz and 960 kHz would be specified for it. However, our link-budget analysis, conducted for the study on NR coverage enhancement [3], has shown that PRACH has never become a bottleneck in the UL (for example, Figure 3).
[image: ][image: ]
	(a) Indoor Scenario	(b) Urban Outdoor Scenario
[bookmark: _Ref61891641]Figure 3: Example MIL results to demonstrate PRACH coverage comparing to the coverage of other channels

Someone may argue that SCS 480 kHz and 960 kHz cannot be applicable to PRACH preamble because of detection issues arising in channels with large signal propagation delays. To address that, we first refer to our analysis on the channel RMS delay spread observed in different scenarios [4] where it has been shown the CP of numerologies with SCS 480 kHz and 960 kHz is able to absorb significant portion of channel’s delay (Figure 4).
[image: ][image: ]
	(a)	(b)
[bookmark: _Ref61893275]Figure 4: CDFs of channel RMS delay spread

Secondly, preamble detection in channels with large signal propagation delay can be handled by proper receiver implementation. One example is energy detection technique, as described in [5], which allows to detect PRACH preamble even when channel delay exceeds the length of PRACH OFDM symbol. The discussion above leads us to the following proposal.
Proposal 4: Support 480 kHz and 960 kHz SCS for PRACH in NR extension up to 71 GHz.
Regarding PRACH preamble formats for NR extension up to 71 GHz, it’s proposed as a starting point to support the formats for  assuming proper SCS scaling, i.e., . To address potential coverage issues, larger PRACH preamble sequences (571, 1151) could also be supported for  in NR extension up to 71 GHz.
Proposal 5:
· Support PRACH formats for  with SCS 480 kHz and 960 kHz, i.e., .
· Support larger PRACH preamble sequences (571, 1151) for .
Regarding PRACH RO configurations, Table 6.3.3.2-4 from TS 38.211, which defines random access configurations for FR2 in TDD, could be reused for SCS 120 kHz. For SCS 480 kHz and 960 kHz some reinterpretation of the values given in this table is needed. First, for the purpose of slot numbering in Table 6.3.3.2-4, SCS 480 kHz could be assumed for PRACH in NR extension up to 71 GHz with SCS 480 kHz and 960 kHz. Secondly, the number of PRACH slots is reinterpreted as the number of PRACH slots within a 480 kHz slot.
Proposal 6: Regarding PRACH RO configurations:
· For SCS 120 kHz, reuse Table 6.3.3.2-4 from TS 38.211, which defines random access configurations for FR2 in TDD.
· For SCS 480 kHz and 960 kHz, slot numbering in Table 6.3.3.2-4 from TS 38.211 is given assuming SCS 480 kHz and the number of PRACH slots is reinterpreted as the number of PRACH slots within a 480 kHz slot.

DRS and Short Signal Exemption
[bookmark: _GoBack]Short signal exemption (SSE) is a mechanism to send relatively short signalling transmissions (compared to regular data transmissions) without sensing the channel for presence of other signals. For frequency ranges from 52.6 GHz up to 71 GHz, SSE is described in the most recent draft of EN 302 567 v2.2.0 [2] with application to short management and control frames. The total duration of the short control signaling transmissions is required to be constrained to less than 10 msec within 100 msec observation period.
EN 302 567 v2.2.0 classifies “short control signal” as control and management frames, which are terminology used in IEEE 802.11 system. These control and management frames do not have specific definition in EN 302 567, and therefore some discussion is needed in RAN1 to determine which signals and channel could be qualified as control and management frames.
Some candidates that may be considered for short control signal are:
· SS/PBCH Block
· Type0-PDCCH (for RMSI)
· Type0A-PDCCH (for OSI)
· Type1-PDCCH (for RAR)
· Type2-PDCCH (for paging)
· Type3-PDCCH (for DCI formats for other purposes such as TPC, SFI, Pre-emption indication, or cancellation indication)
· PRACH
· PUCCH carrying HARQ-ACK 
· PUCCH carrying SR
· Msg 3 (after successful PRACH)
For 960 kHz SSB and Type0-PDCCH, if we assume the worst case transmission overhead and 20 msec SSB periodicity, the total transmission duration would be less than 7.5 msec (32 slots required for 64 SSB, 64 slots required for 64 Type0-PDCCH and PDSCH carrying RMSI results in 96 slots, which is approximately 1.5 msec in duration every 20 msec). Therefore, there may not be much difficulty in utilizing short control signal exemption for SSB and Type0-PDCCH and corresponding PDSCH.
However, for 480 kHz or 120 kHz SSB and Type0-PDCCH, if we assume the worst-case transmission overhead of 96 slots every 20 msec SSB period, this would exceed the 10 msec limits for short control signal exemption. Therefore, specification would need to at least support transmission of SSB by gNB and Type0-PDCCH with LBT even with short control signal exemption.
Even if we only consider SSB as part of short control signal exemption. 64 SSB transmission with 120 kHz SCS requires 32 slots, which is approximately 4 msec every SSB period. Given that 20 msec is a default SSB period, even SSB alone would not satisfy the 10 msec limit within 100 msec observation period constraint for short control signal exemption.
Observation 2:
· For 120 kHz SCS SSB, transmission of 64 SSB with 20 msec SSB periodicity exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
· For 480 kHz SCS SSB, transmission of 64 SSB and 64 Type0-PDCCH with associated PDSCH with 20 msec SSB periodicity exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
· For 960 kHz SCS SSB, transmission of 64 SSB and 64 Type0-PDCCH with associated PDSCH with 20 msec SSB periodicity does not exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
Proposal 5: 
· While SSB may be considered as a candidate for short control signal exemption, RAN1 specification shall support operations of SSB transmission with LBT (at the gNB) at least for 120 kHz SSB.
· For 480 kHz and 960 kHz SSB, also support operations of SSB transmission with LBT (at the gNB) for commonality with 120 kHz SSB. 
For PRACH transmission, given that PRACH is only transmitted during initial access and other rare occasions, it might be possible to always consider utilizing short control signal exemption. UE is expected to retransmit PRACH only after RAR reception failure, therefore even with repetitive PRACH transmissions, random access protocol creates a natural gap between two consecutive PRACH transmissions. From our analysis, even if we utilize 120 kHz SCS for PRACH, we do not believe the UE could ever exceed total transmission duration of 10 msec within 100 msec observation period.
Observation 3:
· For 120 kHz, 480kHz, and 960 kHz PRACH transmission, UE does not exceed total transmission duration of 10 msec for PRACH within a 100 msec observation period.
Proposal 6: 
· Consider applying short control signal exemption to PRACH transmission by the UE.

Conclusions
In this contribution, we discussed issues related to initial access for extending NR up to 71 GHz. The following is a summary of the observation and proposals:
Observation 1:
· Single numerology operation can enable efficient transceiver implementation and operation.
Proposal 1:
· Support 480 kHz and 960 kHz SCS for SSB and initial BWP. 
· Same SSB pattern and Type0-PDCCH CSS configuration to be applicable to 480 kHz and 960 kHz with numerology scaling.
Proposal 2: 
· Consider 480 kHz and 960kHz SCS based SSB positions in a slot with SSB symbols 2, 3, 4, 5 and 9, 10, 11, 12 in a slot.
· Note: symbols numbers are enumerated from 0. 
Proposal 3: 
· Consider only SSB and CORESET#0 multiplexing pattern 1 for 480 and 960 kHz SCS.
· Type0-PDCCH CSS may utilize symbols {0,1} and {7,8} that correspond to SSB in the first half and second half of the slot. 
Proposal 4: Support 480 kHz and 960 kHz SCS for PRACH in NR extension up to 71 GHz.
Observation 2:
· For 120 kHz SCS SSB, transmission of 64 SSB with 20 msec SSB periodicity exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
· For 480 kHz SCS SSB, transmission of 64 SSB and 64 Type0-PDCCH with associated PDSCH with 20 msec SSB periodicity exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
· For 960 kHz SCS SSB, transmission of 64 SSB and 64 Type0-PDCCH with associated PDSCH with 20 msec SSB periodicity does not exceed 10 msec transmission duration within a 100 msec observation period required for short control signal exemption.
Proposal 5: 
· While SSB may be considered as a candidate for short control signal exemption, RAN1 specification shall support operations of SSB transmission with LBT (at the gNB) at least for 120 kHz SSB.
· For 480 kHz and 960 kHz SSB, also support operations of SSB transmission with LBT (at the gNB) for commonality with 120 kHz SSB. 
Observation 3:
· For 120 kHz, 480kHz, and 960 kHz PRACH transmission, UE does not exceed total transmission duration of 10 msec for PRACH within a 100 msec observation period.
Proposal 6: 
· Consider applying short control signal exemption to PRACH transmission by the UE.
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MIL: Urban, 28GHz, NLOS, O2O
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