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1. Introduction
The work item on supporting NR from 52.6 GHz to 71 GHz was update and approved in RAN 90 meeting [1], objects of WI are listed as following 
	· 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.


In this document, the issues on initial access aspects for up to 71GHz operation were discussed, which include SSB/Type0-PDCCH subcarrier spacing, SSB pattern and PRACH issue. 
2. Discussion on initial access aspects
2.1 SSB design issue for 120 KHz or 480 KHz/960 KHz
SSB patterns for licensed and unlicensed bands
In Rel-16 NR-U, SSB pattern is same for operation in licensed and unlicensed spectrum. Considering occasional missing SSB transmission opportunity due to LBT failure for NR operation in unlicensed spectrum, additional slots are allocated for SSB transmission within DRS period to provide more transmission opportunities for SSB(s). When the first SSB transmission opportunity fails due to LBT results, the SSB can be transmitted at the next transmission opportunity with successful LBT. 
For example, in TS 38.213 section 4.1, in case A (15 kHz SCS), the first symbols of the candidate SS/PBCH blocks having indexes of [image: ] are used for both unlicensed and licensed spectrum, and n=0,1 is used for  carrier frequencies smaller than or equal to 3 GHz in condition of licensed operation, n=   is used for unlicensed spectrum. 
For up to 71GHz operation on unlicensed spectrum, both LBT and no-LBT operation are supported [1]. The requirements of LBT for NR operation in unlicensed spectrum depend on the regulations at a given region. If the LBT is mandatory and short control signaling exemption is not allowed by regulations in a specific region, the LBT procedure shall be performed before SSB transmission. The associated DRS window mechanism in NRU can also be used in gNB/UE for handling LBT failure issue. 
For the issue of transmission window (such as DRS window) and  number of SSB transmission opportunities within a transmission window, DRS window defined in Rel-16 NR-U for SSB detection and RLM/RRM measurement, should be considered to include the SSB candidate positions. RLM/RRM measurements only perform within the DRS windows for the operation in unlicensed spectrum. For NR operation in unlicensed band up to 71GHz operation, the transmission window designed in NR-U can be reused with the window length adjusted along with new numerology and number of beams for beam sweeping within 5ms SSB burst set.
One of the WI objectives in [1] is to support up to 64 SSB beams for licensed and unlicensed operation. In Rel-15, up to 64 SSB candidate positions are allocated within SSB burst set for operation in FR2 licensed spectrum. The SSB index is jointly indicated by the 3 LSB bits from DMRS sequence of PBCH as the LSBs, and 3 MSB bits from PBCH payload. For unlicensed operation in FR2, supporting 64 SSB beams needs more than 64 SSB candidate positions within SSB burst set in case of LBT failure to allow additional SSB transmission opportunities. The SSB index is used to indicate the position of SSB transmission within the 5ms SSB burst set. When the SSB transmission is not continuous due to failure of clear channel indication by LBT, UE would encode the SSB index based on the exact transmission position within 5ms SSB burst set. For indicating more than 64 candidate positions for SSB transmission, the SSB index needs to be extended to more than 6 bits in order to support up to 64 SSB beams for beam sweeping and taking into account the skipping transmission opportunities due to LBT when operation in unlicensed spectrum. The additional bit(s) for the extension of SSB index need to be further study.
Proposal 1:  For NR operation in unlicensed spectrum in 52.6-71 GHz, the principle of transmission window defined in Rel-16 NR-U is supported.

Proposal 2:  More than 64 SSB transmission opportunities shall be defined within a 5ms SSB burst set to support up to 64 beams for SSB beam sweeping in case of  occasional LBT failure. The additional bit(s) for the extension of SSB index need to be further study.
Beam switching gap between SSB(s) and subcarrier spacing for SSB
The RF interruption time for beam switching gap is negligible because the CP duration has enough time for beam switching. When new numerology with higher SCS, such as 480 KHz or higher, the CP duration is shorter than the time required for beam switching, which is around 100 ns. One symbol shall be reserved to accommodate the interruption time caused by beam switching delay. The detailed CP duration is listed as following table for different numerology.
Table 1- CP duration for different numerology
	u
	SCS
	CP duration 

	3 
	120KHz
	585.9ns

	4 
	240KHz
	293.0ns

	5 
	480KHz
	146.5ns

	6 
	960KHz
	73.2ns



Different RF front-end has different RF switching capability. We assume beam switching gap is less than 100ns, as shown above table. For SCS 120 KHz/240 KHz/480KHz, RF switching can complete within CP duration. No additional gap is considered to accommodate beam switching gap if 120 KHz/240 KHz/480 KHz SCS are used for NR operation up to 71GHz. 

Observation 1:  No additional gap can considered to accommodate beam switching gap if 120 KHz/240 KHz/480KHz SCS s are used for NR operation up to 71GHz. 

If the larger numerology is adopted (e.g SCS=960 KHz), the CP duration is shorter than the RF switching delay (e.g 73.2ns for SCS=960 KHz). There are two potential solutions for this issue as following:
· Candidate solution 1: SSB pattern is re-designed and at least one symbol(s) GAP between two SSB(s) within a slot to accommodate the beam switching delay, as in [6]. During the GAP symbol, any transmission of downlink signal/channel including PDCCH/PDSCH/CSI-RS is regarded as invalid.   
· Candidate solution 2: SSB pattern in time domain can be similar to the pattern for SCS=240KHz. Consecutive SSB(s) in time domain are allowed. The beam switching is performed at the end of first SSB within the slot. The fraction of last OFDM Symbol at the first SSB would be truncated. This will lead to roughly 5% performance degradation of PBCH decoding. 
Observation 2: The complexity or performance degradation will be introduced if 960 KHz is used for the SCS of SSB.
SSB and CORESET#0 with different SCS
· Issue on  SCS  indication for CORESET#0
Both SSB with 120 KHz and 240 KHz SCS are supported in FR2 in Rel-16. While larger SCS, e.g 480/960 KHz, is introduced, after the detection of a SSB and decoding of PBCH, UE retrieves the information from PBCH in allocating the CORESET for Type0-PDCCH CSS for the decoding of SIB1. In Rel-15, one bit is included in MIB to indicate the SCS of Type0-PDCCH (e.g., 60 or 120 kHz) when the subcarrier spacing of Type0-PDCCH and SSB are different. If new SCS (e.g 480/960) for Type0-PDCCH and the subcarrier spacing of SSB are different, there will be four candidate SCS(s) and two bit(s) is needed for indication. Currently, only two candidates of SCS for Type0-PDCCH can be indicated by 1-bit indication in MIB.  Thus, only subset of SCS combination could be indicated by 1-bit indication in MIB. The straight forward solution is that SCS of Type0-PDCCH is associated with SCS of SSB for a given band in 52.6-71 GHz, An example is shown in the following table 2.
Table 2- SCS of Type0-PDCCH associated with SSB
	SCS of SS/PBCH in extended FR2
	Associated Type0-PDCCH SCS in extended FR2

	120KHz 
	120KHz

	
	480KHz

	480KHz
	480KHz

	
	960KHz



UE can obtain SCS of Type0-PDCCH based on the combination of the detected SCS of SSB and 1 bit information in the MIB.   
Proposal 3:  While 480 kHz and 960 kHz SCS are introduced,  the 1bit indication in MIB provides the information ofType0-PDCCH SCS  along with the detected SSB SCS in a given band in 52.7 -71 GHz , 
· Issue on multiplexing pattern type(s) (Pattern 1, 2, and/or 3) for SSB and CORESET#0 multiplexing, and other signals
The OCB requirement in draft version v2.1.20 of EN 302 567 implies that physical layer signal/channel transmission shall occupy at least 70% of the nominal channel bandwidth. The pattern 2/3 enable CORESET#0 and PDSCH carrying RMSI transmit as FDM mode. Moreover, if the other signals (such as periodic CSI-RS, paging PDCCH/PDSCH) are allowed to FDM with SSB, there are more RBs are occupied in the nominal channel bandwidth to meet the 70% requirement of OCB
Proposal 4:  Patterns 2 and 3 of SSB and CORESET for Type0-PDCCH can multiplex with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  

2.2 PRACH design issue 
· PRACH coverage requirements
PRACH preamble sequence is used for UE initial access, mobility procedure, and recovery procedure, such as link failure recovery, out-of-sync recovery, and beam failure recovery. PRACH preamble is also used as the triggering of scheduling request when UL SR resource is not available. The PRACH performance based on current PRACH sequence length for 120 kHz SCS would be degraded when it directly applies to 240 kHz SCS since the PSD of PRACH sequence is reduced in half for 240 kHz SCS comparing to that of 120 kHz SCS. The propagation loss for PRACH transmission between 52.6-71 GHz is much higher than that of below 52.6 GHz. Thus, the PRACH preamble sequence needs to be investigated in order to have comparable performance when higher SCS is used for PRACH channel and operation above 52.6 GHz with high propagation loss.  

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In order to meet the coverage requirements, the preamble needs to reach  symbols in time domain. The number of symbols occupied by preambles is determined by the preamble format and SCS. The propagation loss would be high if the carrier frequency upon 52.6 GHz, maintaining the existing preamble format may lead to coverage reduction, and affect the reliability of the initial access process. One approach of coverage extension is to increase the power spectrum density of each RE by spreading the same RACH preamble sequence to increasing number of OFDM symbols to lengthen preambles in time domain (cross slots) , e.g. spreading by two times which increases 3dB theoretically. For NR operation in the unlicensed spectrum, the PSD may be low due to EIRP limitations. One possible approach of coverage extension with low PSD is to repeat and concatenate the RACH preamble sequence to increase the processing gain.  
Proposal 5:  Consider supporting the increasing of symbols in time domain to enhance coverage and the extending of frequency domain by repeating and concatenating the RACH preamble sequence in the unlicensed spectrum.
· Issue on RO configuration for larger SCS
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The corresponding preamble format, subframe number or slot number, starting symbol, number of PRACH slots within a subframe or number of PRACH slots within a 60 kHz slot, number of time-domain PRACH occasions within a PRACH slot, and PRACH duration can be obtained by PRACH Configuration-Index according to the cell configuration. PRACH SCS support 60 KHz or 120 KHz in FR2, i.e. there is only one PRACH slot within a 60 KHz slot (0.25ms) when SCS is 60 KHz, and one or two PRACH slots within 0.25ms when SCS is 120 KHz.
[image: ]

Figure 1: RO configuration of SCS=120 KHz based on SCS=60 KHz.

Observation 3:  The current RO configuration of FR2, based on the 60 KHz slot as the basic unit, which supports two slots configuration when SCS is 120KHz.

Existing PRACH slot configuration mechanism is difficult to support larger SCSs well, because the larger SCS results in more than two slots in the time domain of each 60 KHz slot, but the existing mechanism only supports configuring one or two PRACH slots in each 60 KHz slot, which waste resources possible for PRACH transmission. The solution to this problem could be updating the existing configuration table, adding the clause which configures more than two slots, or change the meaning of N, which N is the number of PRACH slots within a 60 kHz slot, but change the specification considerably. The better approach is reusing the 120 KHz configuration, i.e., using the 120 KHz configuration for the first two-slot duration and repeats the configuration in the each two slot duration, when SCS is 480/960 KHz. An example is shown as following figure 2.
SCS=480 KHz
 
SCS=120 KHz
 
1 two-slot duration
4 two-slot duration
Repeats as SCS=120 KHz configuration

Figure 2: RO configuration of SCS=480/960 KHz based on SCS=60 KHz.
As shown in figure 2, we assume that only one RO is configured for 120KHz and the RO is located on the second slot according to Rel-15/16 rule, and for SCS=480KHz,there are four two-slot duration, the same configuration means that it repeat RO  configuration of SCS=120KHz
Proposal 6:  When the specification supports SCS=/480/960 KHz, 120 KHz configuration is reused for each 8/16 slots within 60 KHz slot.

3. Conclusion 
This contribution discussed the initial access aspect for the support of NR operation up to 71 GHz. We have the following observations and proposals.
Observation 1:  No additional gap can considered to accommodate beam switching gap if 120 KHz/240 KHz/480KHz SCS s are used for NR operation up to 71GHz..
[bookmark: _GoBack]Observation 2:  the complexity or performance degradation will be introduced if 960KHz is used for SSB subcarrier spacing. 
Observation 3: The current RO configuration of FR2, based on the 60 KHz slot as the basic unit, which supports two slots configuration when SCS is120KHz.

Proposal 1:  For NR operation in unlicensed spectrum in 52.6-71 GHz, the principle of transmission window defined in Rel-16 NR-U is supported.
Proposal 2:  More than 64  SSB transmission opportunities shall be defined within a 5ms SSB burst set to support up to 64 beams for SSB beam sweeping in case of  occasional LBT failure. The additional bit(s) for the extension of SSB index need to be further study.
Proposal 3:  While 480 kHz and 960 kHz SCS are introduced, the 1bit indication in MIB provides the information ofType0-PDCCH SCS along with the detected SSB SCS in a given band in 52.7 -71 GHz.
Proposal 4:  Patterns 2 and 3 of SSB and CORESET for Type0-PDCCH can multiplex with periodic CSI-RS/paging PDCCH&PDSCH in frequency.  
Proposal 5:  Consider supporting the increasing of symbols in time domain to enhance coverage and the extending of frequency domain by repeating and concatenating the RACH preamble sequence in the unlicensed spectrum. 
Proposal 6:  When the specification supports SCS=480/960 KHz, 120 KHz configuration is reused for each 8/16 slots within 60 KHz slot.  
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