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1. Introduction
In this contribution, we provide discussions on　initial access aspects　of supporting NR from 52.6GHz to 71 GHz. Issues in WID scope and under discussion in RAN1 e-Meetings are summarized as the follows [1] [2]:
· SSB aspects: supported numerology, mixed Numerology between SSB and CORESET#0, initial access support for additional numerology, SSB resource pattern, SSB and CORESET#0 multiplexing, and CORESET#0 configuration.
· PRACH aspects: PRACH sequence length, supported numerology and format, RACH occasion resources, RA preamble ID calculation, and short signal exception for PRACH


2. SSB aspects
2.1. DRS related aspects
The following agreement has been achieved in RAN1 104bis-e: 

	Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
FFS: details of how to inform UEs of the configuration of DBTW



Issue: whether support DBTW for SSB with 120 kHz SCS

In RAN1 104bis-e agenda 8.2.6, it has been agreed that Contention Exempt Short Control Signaling (CESCS) rules can be applicable to the transmission of SS/PBCH block. The CESCS regulation requires at most 10ms transmission time within 100ms duration. According to computation, it costs about 2.29ms to transmit 64 SSBs within maximum COT of 5ms. Considering the default 20ms periodicity, more than 10% time is used for SSB transmission, which violates the CESCS regulation requirements. Hence, for SSB with 120 kHz SCS, LBT is needed for unlicensed band and thus DBTW is beneficial, e.g., enabling utilization of Q for multiple SSB transmission opportunities.

Proposal 1: Adopt DBTW for SSB with 120 kHz SCS in above 52.6GHz.


2.2. SSB resource pattern
The following agreement has been achieved in RAN1 104bis-e: 
	Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB




Issue: whether to add other values of n

We are considering supporting DBTW for SSB with 120 kHz SCS. Correspondingly, as one option of increasing the number of SSB transmission opportunities, other values of n (e.g., 4, 9, 14, 19) can be added.

Proposal 2: Based on SSB resource pattern Case D of FR2, other values of n (e.g., 4, 9, 14, 19) should be added for the SSB with 120kHz SCS in above 52.6GHz.


Issue: whether gap for LBT/beam switching between SSBs is needed

Since whether to use gap for LBT/beam switching between SSBs is subject to decisions in Channel Access agenda and RAN4, respectively, RAN 1 should wait for the corresponding agreement.

Observation 1: RAN 1 should wait for the agreements from Channel Access agenda and RAN4, before detailed discussion on gap for LBT/beam switching between SSBs.



2.3. CORESET#0 configuration
The following proposal from moderator has been discussed during RAN1 104bis-e: 

	Proposal 1.4-3)
· For SSB with 120kHz, only support 120kHz CORESET#0/Type0-PDCCH configuration by MIB
· support following combinations of SSB/CORESET multiplexing pattern, and number of RB and symbols for CORESET.
· {mux pattern 1, 48 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 48 PRB CORESET, 2 symbol CORESET}
· {mux pattern 1, 24 PRB CORESET, 2 symbol CORESET}
· FFS: on whether to remove support for 24 PRB
· {mux pattern 3, 24 PRB CORESET, 2 symbol CORESET}
· FFS: on whether to remove support for 24 PRB
· {mux pattern 3, 48 PRB CORESET, 2 symbol CORESET}
· FFS: on whether 48 PRB CORESET can be updated to [42] PRB
· FFS on support of the following cases:
· {mux pattern 1, 96 PRB CORESET, 1 symbol CORESET}
· {mux pattern 1, 96 PRB CORESET, 2 symbol CORESET}
· {mux pattern 3, 96 PRB CORESET, 2 symbol CORESET}
· FFS on other case of {SSB, CORESET#0/Type0-PDCCH} SCS combination other than {120, 120} kHz
FFS: CORESET#0/Type0-PDCCH CSS location in time domain changes to account for LBT operations



Issue: whether to remove/modify some rows with 24 PRBs, whether to add some rows with 96 PRBs

In the last meeting, the common understanding is to reuse the CORESET#0 configuration table of FR2 for the {SSB, CORESET#0/Type0-PDCCH} SCS combination of {120, 120} kHz in above 52.6GHz. There were opinions that some rows in the table should be deleted/modified or some rows supporting more PRBs should added. However, these modifications seem to be optimization but not addressing critical problems.

Proposal 3: Regarding {SSB, CORESET#0/Type0-PDCCH} SCS combination of {120, 120} kHz, in principle reuse the CORESET#0 configuration table of FR2. The motivations of removing/adding/modifying row(s) should be justified.

3. PRACH aspects
3.1. Sequence length and numerology
Issue: whether to support L = 571, 1151 for 480 kHz and/or 960 kHz SCS PRACH

Regarding 480 kHz and/or 960 kHz SCS PRACH, a remained issue is whether L = 571, 1151 is necessary for 480 and/or 960 kHz PRACH SCS. For PRACH SCS 120kHz, under the 23dBm/MHz PSD constraint, the maximum transmission power of L = 139 is 35.2 dBm, which is about 5dB less than the 40 dBm EIRP limit. As shown in Table 1, introducing L = 571, 1151 can fully exploit the EIRP budget. For PRACH SCS 480 or 960kHz if supported, reusing L = 139 is sufficient from the EIRP/PSD perspective. L = 571, 1151 results in much more required frequency resource for PRACH, where we cannot see the necessity.

Table 1. Maximum transmit power under PSD constraint
	SCS (kHz)
	
	BW (MHz)
	Max TX power
(dBm)

	120
	139
	16.7
	35.2

	
	571
	68.5
	41.4

	
	1151
	138.1
	44.4

	480
	139
	66.7
	41.2

	
	571
	274.1
	47.4

	
	1151
	552.5
	50.4

	960
	139
	133.4
	44.3

	
	571
	548.2
	50.4

	
	1151
	1105
	53.4




Proposal 4: Only support L = 139 for PRACH with 480kHz and 960 kHz SSB SCS.


3.2. RACH occasion resources
The following agreement has been achieved in RAN1 104bis-e meeting:
	Agreement:
· PRACH configuration for 480/960 kHz SCS (if agreed)
· The minimum PRACH configuration period is 10 ms (as in FR2)
· For RO configuration for PRACH with 480/960kHz SCS,
· FFS: details of how to configure the 480/960 kHz PRACH ROs using [60 or 120 kHz] reference slot considering at least: 
· location of 480/960 kHz PRACH slot per reference slot 
· location of duration containing 480/960khz PRACH slot pattern within 10ms
· potential impact to RA-RNTI calculation



Issue: use 60 or 120kHz for reference slot SCS

To minimize specification effort/impact, it is better to reuse Table 6.3.3.2-4 (Random access configurations for FR2 and unpaired spectrum) in Rel-16 38.211 as much as possible. Hence, 60kHz reference slot should be also inherited.

Proposal 5: Regarding PRACH configuration design for 480/960kHz SCS, reuse Table 6.3.3.2-4 (Random access configurations for FR2 and unpaired spectrum) in Rel-16 38.211 as much as possible. 60kHz reference slot should be also inherited.


Issue: RO location design

There might be two options on the design principle of PRACH occasion resources:
· Option 1: same RO density and same relative location as in Rel-16
· Option 2: larger RO density than in Rel-16

Here, the RO density is defined as the number of PRACH slots per reference slot. The relative location means the location of PRACH slot relative to the corresponding reference slot. Justifications are required on the motivation and benefit of Option 2 that increases the burden of PRACH detection. While Option 1 can work with minor specification effort.

Proposal 6: Regarding PRACH configuration design for 480/960kHz SCS, keep the same RO density and the same relative locations as PRACH configuration in Rel-16.

Table 6.3.3.2-4 (Random access configurations for FR2 and unpaired spectrum) in Rel-16 38.211
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3.3. RA-RNTI calculation
Issue: RA-RNTI calculation for 480/960kHz SCS PRACH

In Rel-16 specification on RA-RNTI calculation:

	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8], f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



If higher PRACH SCS (e.g., 480kHz) is introduced, a directly modified equation could be:
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 320 × f_id + 14 × 320 × 8 × ul_carrier_id (0, 1)  (Eq. 2)
However, the range of RA-RNTI becomes [1, 71680] and 16 bits are not sufficient to express all the possible values. A further modification could be adding a mod(X, 65536) function in the equation, which is still problematic due to that the computed RA-RNTI might corresponds to different PRACH occasions. 

Under the assumption of unchanged RO density, one may consider that unique RA-RNTI values not exceeding 65536 can be generated for all the PRACH occasions even without modifications on the formula. However, we found that is impossible according to our calculations: it is observed that in some rows of this table, PRACH occasions of different frequency-time domain allocations result in the same RA-RNTI value. For instance, consider PRACH Config. Index #12 in the table for FR2, where ROs exist in only two 60kHz reference slot per frame. Calculation results attached in the zip file show that 43 repeated RA-RNTI values are found, each RA-RNTI value corresponding to different combinations of s_id, t_id, f_id, and ul_carrier_id. Hence, modifications on the equation or the table or other aspect enhancements are required.

Observation 2: To accommodate 480kHz and/or 960kHz PRACH SCS, even assuming RO density per reference slot is not changed, modification of specification related to RA-RNTI calculation is required.

To accommodate 480kHz and/or 960kHz PRACH SCS, there might be following potential solutions:
· Alt-1: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.
· Alt-2: Modify the definition of t_id as logical slot index and modify the formula if required. 
· Alt-3: The RA-RNTI calculation is aided by DCI bits indication, on the top of the formula without modification.

Among the alternatives, the specification impact/effort of Alt-1 seems to be minimized, e.g., only definition of t_id needs to be modified. Alt-2 has more flexibility and is easier to be extended in the future (e.g., can be adopted when the RO density is changed). Idea of Alt-3 is simple and flexible, but more specification efforts are expected. Thus, for the current WI, Alt-1 could be a proper choice.

Proposal 7: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.

4. Conclusion
[bookmark: _References]In this contribution, we provide the following proposals:

Proposal 1: Adopt DBTW for SSB with 120 kHz SCS in above 52.6GHz.

Proposal 2: Based on SSB resource pattern Case D of FR2, other values of n (e.g., 4, 9, 14, 19) should be added for the SSB with 120kHz SCS in above 52.6GHz.
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Proposal 3: Regarding {SSB, CORESET#0/Type0-PDCCH} SCS combination of {120, 120} kHz, in principle reuse the CORESET#0 configuration table of FR2. The motivations of removing/adding/modifying row(s) should be justified.

Proposal 4: Only support L = 139 for PRACH with 480kHz and 960 kHz SSB SCS.

Proposal 5: Regarding PRACH configuration design for 480/960kHz SCS, reuse Table 6.3.3.2-4 (Random access configurations for FR2 and unpaired spectrum) in Rel-16 38.211 as much as possible. 60kHz reference slot should be also inherited.

Proposal 6: Regarding PRACH configuration design for 480/960kHz SCS, keep the same RO density and the same relative locations as PRACH configuration in Rel-16.


Proposal 7: Assuming RO density per reference slot is unchanged, without modifying the formula and definition of s_id. Modify the definition of t_id as the slot index referring to 120kHz SCS.

Observation 1: RAN 1 should wait for the agreements from Channel Access agenda and RAN4, before detailed discussion on gap for LBT/beam switching between SSBs.

Observation 2: To accommodate 480kHz and/or 960kHz PRACH SCS, even assuming RO density per reference slot is not changed, modification of specification related to RA-RNTI calculation is required.
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Appendix: related agreements
Agreement:
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
· Note: Strive to minimize specification impact due to the new SCS for SSB


Agreement:
· For operation with shared spectrum channel access of NR 52.6 – 71 GHz, support discovery burst (DB) and define the DB same as in Rel-16 37.213 Section 4.0
· FFS: Support discovery burst transmission window (DBTW) at least for SSB with 120 kHz SCS with the following requirements
· PBCH payload size is no greater than that for FR2
· Duration of DBTW is no greater than 5 ms
· Number of PBCH DMRS sequences is the same as for FR2
· FFS: applicability of DBTW design for 120kHz to SSB with 480kHz and 960kHz SCS
· Support mechanism to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs
· FFS: how to support UEs performing initial access that do not have any prior information on DBTW.
· FFS: details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· FFS: details of how to inform UEs of the configuration of DBTW

Agreement:
For SSB with 120kHz SCS for NR 52.6 GHz to 71 GHz,
· 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes {4, 8,16, 20} + 28×n, where index 0 corresponds to the first symbol of the first slot in a half-frame.
· For carrier frequencies within 52.6 GHz to 71GHz, support at least 𝑛 = 0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.
· Other values of n (if any) are FFS, and support of additional n values are subject to support of DBTW for 120kHz SSB

Agreement:
· PRACH configuration for 480/960 kHz SCS (if agreed)
· The minimum PRACH configuration period is 10 ms (as in FR2)
· For RO configuration for PRACH with 480/960kHz SCS,
· FFS: details of how to configure the 480/960 kHz PRACH ROs using [60 or 120 kHz] reference slot considering at least: 
· location of 480/960 kHz PRACH slot per reference slot
· location of duration containing 480/960khz PRACH slot pattern within 10ms
· potential impact to RA-RNTI calculation
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