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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK184][bookmark: OLE_LINK185]In the previous RAN plenary meeting #90-e, new WID was approved [1]. According to the new WID the following physical layer aspects for initial access procedures should be specified:
	· 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 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 



[bookmark: OLE_LINK144][bookmark: OLE_LINK145]In this contribution, we mainly discuss enhancements on initial access including SS/PBCH blocks, DRS and PRACH.
[bookmark: _Ref129681832]SS/PBCH blocks transmission
[bookmark: OLE_LINK9]SCS for SS/PBCH blocks and initial BWP
[bookmark: OLE_LINK1]It is stated in the WID that 120 kHz SCS is supported for SSB and other initial access related signals/channels in an initial BWP. According to results in SI phase, 120 kHz SSB provided highest maximum coupling loss (MCL) and maximum isotropic loss (MIL) due to the longer symbol duration among all candidate numerologies. Furthermore, 120 kHz SCS is robust enough against phase noise to support QPSK and 16QAM which are regularly used. As 120 kHz SCS for SSB and CORESET0 have been specified for FR2 under 52.6GHz, most of the design can be reused.
[bookmark: OLE_LINK146][bookmark: OLE_LINK147]During the discussion, some companies proposed to support additional SCS for SSB and initial BWP. The potential benefits include 1) enabling single numerology operation between initial access UE and connected UE and 2) ensuring a higher time synchronization accuracy due to the use of a higher SCS. In our understanding, additional complexity and standard effort to introduce additional SCS for SSB and initial BWP overwhelms the claimed benefit. In Rel-15/16, UEs will only assume one numerology for SSB detection for most of FR1 and FR2 bands in order to simplify the implementation and reduce the initial access latency. If additional numerologies for SSB for initial access are introduced, blind detection on the SSB numerologies is required. In addition to designing SSB pattern with additional SCS, the multiplexing pattern and CORESET0 configuration would also need to be revisited for the new numerologies. On the other hand, mixed numerology configuration and operation is already supported since Rel-15. After initial access phase, UE can switch to a BWP with a higher numerology. The more stringent requirement on time domain synchronization can be satisfied with the help of TRS/DMRS in the active BWP.
[bookmark: OLE_LINK175][bookmark: OLE_LINK176]Proposal 1: SCS other than 120 kHz are not supported for SSB and other initial access related signals/channels in initial BWP.
Following above discussion, we believe that SSB pattern Case D for 120 kHz can be reused as is at least for the licensed operation.
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]Proposal 2: Reuse SSB pattern case D for 120 kHz SCS without change at least for licensed operation.
Discovery burst transmission window
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]As discussed in our companion paper [2], we believe that LBT is still necessary before gNB transmits SSB because of a broader energy emission foot-print during the beam sweeping. Moreover, transmitting RMSI PDCCH/PDSCH together with its associated SSB could reduce the latency and required beam switching. Thus, the concept of discovery burst transmission window introduced in NR-U Rel-16 can be inherited.
[bookmark: OLE_LINK170][bookmark: OLE_LINK179]Proposal 3: For unlicensed operation in 52.6GHz to 71GHz, support LBT before SSB transmission and reuse the concept of discovery burst window from Rel-16 NR-U.
[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK166][bookmark: OLE_LINK167]In NR-U, there are 10 and 20 candidate positions within a half frame for 15kHz and 30kHz SCS respectively and at most 8 SSB with different QCL assumptions can be transmitted. The minimum interval between two candidate positions in a discovery burst transmission window is given in MIB or by higher layer signaling. As discussed, at least for the licensed operation from 52.6GHz to 71GHz, the SSB pattern case D given in section 4.1 of TS38.213 can be directly reused for 120 kHz SSB. For unlicensed operation, it is not possible to add additional SSB candidate positions since the 64 candidate positions in case D already span the whole half frame. Therefore, if gNB intends to actually transmit 64 SSB beams and LBT fails prior to a SSB beam, the SSB beam cannot be transmitted on a later occasion during the discovery burst transmission window. However, the number of actually transmitted SSB beams can be considered as a part of the gNB configuration. For instance, gNB selects an appropriate number of SSBs to operate with based on the traffic load: if the traffic is light, then LBT failure is rare and 64 SSB beams can be used. Otherwise, the gNB may select a smaller number of SSB beams to transmit, providing the possibility for more than 1 LBT attempt per beam within the same burst.
Initial DL BWP
[bookmark: OLE_LINK21]In Rel-15/Rel-16, if the UE doesn’t detect the initial DL BWP configuration in SIB1, it assumes that the default initial DL BWP is the same as the bandwidth of CORESET#0. For the case of 120 kHz SCS for Type0-PDCCH in FR2, CORESET#0 can be configured with either 24 PRB or 48 PRB in frequency domain which corresponds to the bandwidths of 34.56 MHz or 69.12 MHz, respectively.
For licensed operation, narrower transmission bandwidth usually results in larger coverage because there is no limitation on the PSD. Therefore, both options of 24 or 48 PRB for CORESET#0 can be maintained as in FR2. 24 PRB CORESET#0 may also facilitate flexible carrier bandwidth configuration.
[bookmark: OLE_LINK191][bookmark: OLE_LINK192]For operation in shared spectrum, there are both maximum transmission power limit and power spectrum density limit. For example, the latest EU regulation for band 75 (57 – 71 GHz) stipulates mean EIRP limit of 40 dBm and a maximum Power Spectral Density (PSD) of 23 dBm/MHz. A minimum transmission bandwidth of 50 MHz is required for a device to transmit with maximum transmit power limit. gNB can transmit a PDCCH with AL=8 with the maximum allowed power if a CORESET#0 with 48 PRB is configured. Moreover, narrower carrier bandwidth, e.g. 50MHz, in shared spectrum is not favored considering that as much as 14 GHz of spectrum is available and a large number of sync raster points would be needed if the minimum carrier bandwidth of 50MHz is used. In addition, FCC regulation for 57-71 GHz restricts the maximum conducted output power at 27 dBm if the emission bandwidth is at least 100 MHz and the conducted power should be scaled down if the transmission bandwidth is smaller than 100MHz. To make full use of the transmitter power, the CORESET #0 with 96 PRB should be considered. It allows gNB to transmit a PDCCH with aggregation level 16 occupying 138.24 MHz bandwidth in 120 kHz SCS. It should be noted that 96 PRB for CORESET #0 had been discussed in Rel-15 but not adopted because of the limited available bandwidth at that time. However, if the minimum bandwidth of 200 MHz for above 52.6 GHz is supported (as discussed in our companion paper [3]), the CORESET #0 with 96 PRB can be considered.
[bookmark: OLE_LINK171][bookmark: OLE_LINK180]Proposal 4: For licensed operation, both 24 PRB and 48 PRB can be configured for CORESET0. For operation in shared spectrum, CORESET0 with 48 PRB and 96 PRB can be configured to make full use of allowed transmit power.
[bookmark: _Ref61258122]Random access design
In NR R15/R16, the preamble formats for larger SCS are defined in Table 1 [4]. For FR2 PRACH, only SCSs of {60kHz, 120kHz} are supported. The PRACH duration is the number of OFDM symbols occupied by the RACH occasion (RO), the PRACH duration and preamble format are configured by prach-ConfigurationIndex.
Table 1 Preamble formats for  and  kHz where .
	Format
	
	
	
	
	
PRACH duration

	
	
	
	
	
	
	
	

	A1
	139
	1151
	571
	
	
	
	2

	A2
	139
	1151
	571
	
	
	
	4

	A3
	139
	1151
	571
	
	
	
	6

	B1
	139
	1151
	571
	
	
	
	2

	B2
	139
	1151
	571
	
	
	
	4

	B3
	139
	1151
	571
	
	
	
	6

	B4
	139
	1151
	571
	
	
	
	12

	C0
	139
	1151
	571
	
	
	
	2

	C2
	139
	1151
	571
	
	
	
	6


[bookmark: _Ref61258141]SCS of PRACH and Msg3
As discussed in section 2.1, a UE is expected to only use 120 kHz SCS for all DL signals and channels during the initial access. Similar to Proposal 1 on SSB, PRACH with 120 kHz SCS also provides larger MIL/MCL than larger SCS values. Moreover, QPSK or 16QAM are usually used for Msg3 transmission and, therefore, the effect of phase noise is not severe. Keeping common numerology between PRACH and other DL/UL signals and channels in initial access could also simplify the design and implementation. Therefore, we propose to only use 120 kHz SCS for PRACH and other signals and channels in initial UL BWP.
Proposal 5: For PRACH and Msg3 in initial UL BWP, only 120 kHz should be used in the frequency band from 52.6GHz to 71GHz.
PRACH sequence
In Rel-15, FR2 only supports sequence length of 139 for 120 kHz SCS which occupies 16.68 MHz BW. Assuming the 23 dBm/MHz PSD limitation as defined by EU regulation for band 75, the maximum EIRP allowed for the transmission bandwidth of 16.68 MHz is 35.22 dBm. This is 5 dB less than the maximum transmit power limit in the shared spectrum. It order to make full use of the transmit power for PRACH, a longer sequence length is required. Rel-16 NR-U introduced new PRACH sequences of length 571 and 1151 in FR1 for the same reason. For 120 kHz SCS, PRACH with sequence length of 571 and 1151 occupy 68.52MHz and 138.12 MHz, respectively. Both 571 and 1151 sequence lengths can achieve maximum EIRP limit of 40 dBm enforced by EU regulation. In the US, the conducted power limit is defined as 27dBm for transmitter with emission bandwidth larger than 100MHz. For device with emission bandwidth smaller than 100MHz, the PSD limit is set as -3dBm/100kHz. Only the PRACH with sequence length 1151 can transmit with maximum conduct power.
[bookmark: OLE_LINK172][bookmark: OLE_LINK173][bookmark: OLE_LINK181]Proposal 6: PRACH sequence length 571 and 1151 are supported for 120 kHz SCS above 52.6 GHz.
PRACH format
The PRACH format can impact the cell coverage, where the CP and guard time duration should be long enough to cover the round-trip time and the multi-path propagation delay. However, if the CP or guard time duration is much larger than what is required the time resources are wasted. For the NR R15/R16 PRACH format with 120 kHz SCS, the time duration of , , and guard time  for PRACH with the 120 kHz SCS are shown in Table 2. The OFDM symbol duration with 480 kHz and 960 kHz is also provided in the table, and we can have the following observation.
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Observation 1: For PRACH format A1, A2, A3, C2 with SCS = 120 kHz, the guard time  is much larger than the OFDM symbol duration with SCS 480/960 kHz and .
[bookmark: _Ref61545318]Table 2 time duration for 120 kHz PRACH and 480/960 kHz OFDM symbol
	Format
	
	()
	()
	 ()
	OFDM symbol duration ()

	
	
	
	
	
	480 kHz 
	960 kHz

	A1
	
	2304
	32768
	17536
	4384
	2192

	A2
	
	4608
	65536
	17536
	4384
	2192

	A3
	
	6912
	98304
	17536
	4384
	2192

	B1
	
	1728
	32768
	576
	4384
	2192

	B2
	
	2880
	65536
	1728
	4384
	2192

	B3
	
	4032
	98304
	2880
	4384
	2192

	B4
	
	7488
	196608
	6336
	4384
	2192

	C0
	
	9920
	16384
	8768
	4384
	2192

	C2
	
	16384
	65536
	23296
	4384
	2192

	Remark: For format A1, A2, and A3, the guard time  with time unit  since there is one blanking symbol at the end of the RACH transmission. For the other formats, the guard time .



For the PRACH with 120 kHz SCS, the CP and  can follow the settings in [4]. However, the guard time  or PRACH duration  can be reduced to improve the resource usage. Hence, we have the following proposal:
[bookmark: OLE_LINK138][bookmark: OLE_LINK174][bookmark: OLE_LINK182]Proposal 7: For PRACH SCS = 120 kHz, the PRACH formats A1, A2, A3, C2 with reduced guard time or reduced PRACH duration  should be supported.
RO configuration
If the RO configuration in FR2 is reused above 52.6 GHz, the consecutive allocation of ROs within a PRACH slot will also be supported. For operation in shared spectrum, LBT might be performed before each PRACH transmission. LBT might fail due to the PRACH transmission from preceding RO considering propagation delay at different UEs. In this case, the UE has to skip the current RO and send the PRACH in the next available RO, resulting in an increased latency of random access procedure.
In Rel-16 NR-U, the issue was discussed and no consensus was achieved due to time limitation. We believe it is beneficial to further consider RO configurations that take into account LBT failure possibility in NR-U-60.
One option is to restrict the UE use either only even or only odd ROs for PRACH transmission. In such a case, the values in table 6.3.3.2-4 in [4] need to be redesigned. However, this solution may restrict the flexibility of the SSB-RO mapping relationship since the SS/PBCH blocks may only be mapped to the indicated ROs. This would also cause redundant workload for standardization.
[image: ]
Figure 1 Non-consecutive ROs configuration
The second option is to allow the neighboring ROs within the same RACH slot to be non-consecutive. A gap between two consecutive ROs can accommodate LBT. An illustration of this example is provided in Figure 1. In Figure 1, a GP is considered to handle Clear Channel Assessment (CCA) sensing time. The PRACH preamble could be repeatedly transmitted, i.e.  , following a successful CCA.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK183][bookmark: _Toc53655945][bookmark: _Toc53740281][bookmark: _Toc53740379][bookmark: _Toc53740444][bookmark: _Toc53740509][bookmark: _Toc53740573][bookmark: _Toc53774138]Proposal 8: A gap between two consecutive TDM ROs should be introduced to avoid a LBT failure at the UE due to a RACH transmission from another UE in the previous RO.
Conclusions
In this paper, we discussed the initial access related issues above 52.6GHz with the following observation and proposals.
Observation 1: For PRACH format A1, A2, A3, C2 with SCS = 120 kHz, the guard time  is much larger than the OFDM symbol duration with SCS 480/960 kHz and .

Proposal 1: SCS other than 120 kHz are not supported for SSB and other initial access related signals/channels in initial BWP.
Proposal 2: Reuse SSB pattern case D for 120 kHz SCS without change at least for licensed operation.
Proposal 3: For unlicensed operation in 52.6GHz to 71GHz, support LBT before SSB transmission and reuse the concept of discovery burst window from Rel-16 NR-U.
Proposal 4: For licensed operation, both 24 PRB and 48 PRB can be configured for CORESET0. For operation in shared spectrum, CORESET0 with 48 PRB and 96 PRB can be configured to make full use of allowed transmit power.
Proposal 5: For PRACH and Msg3 in initial UL BWP, only 120 kHz should be used in the frequency band from 52.6GHz to 71GHz.
[bookmark: _GoBack]Proposal 6: PRACH sequence length 571 and 1151 are supported for 120 kHz SCS above 52.6 GHz.
Proposal 7: For PRACH SCS = 120 kHz, the PRACH formats A1, A2, A3, C2 with reduced guard time or reduced PRACH duration  should be supported.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 8: A gap between two consecutive TDM ROs should be introduced to avoid a LBT failure at the UE due to a RACH transmission from another UE in the previous RO.
References
[1] RP-202925, “Revised WID:  Extending current NR operation to 71 GHz,” CMCC
[2] [bookmark: OLE_LINK160][bookmark: OLE_LINK161]R1-2100202, “Channel access mechanism for 60 GHz unlicensed operation” Huawei, HiSilicon
[3] R1-2100201, “PDSCH/PUSCH enhancments for 52-71GHz band ” Huawei, HiSilicon
[4] TS 38.211
image1.png
PRACH Interval PRACH Interval
NZi%, Preamble cca Nt Preamble
~
~
~
~
CP | Sequence Sequence

N

4, repeats

v





