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1 Introduction
In RAN1 #104 e-meeting, the following was agreed for different initial access channels so as to extend current NR operation to 71GHz:  
	R1-2102073	[Draft] LS on beam switching gap for 60 GHz band	Intel Corporation
Final LS endorsed in R1-2102202
Agreement:
Send an LS to RAN4 to get input on gap required for gNBs and UEs for beam switching and for UL/DL and DL/UL switching.
Agreement:
Whether or not to support 240 kHz, 480kHz and 960kHz SCS for SSB and the conditions under which SSB for 240 kHz, 480 kHz and 960 kHz may be supported will be decided no later than RAN1#104bis-e.
Agreement:
For an unlicensed band that requires LBT, further study whether/how to support discovery burst (DB) and discovery burst transmission window (DBTW) at least for 120 kHz SSB SCS
· If DB supported 
· FFS: What signals/channels are included in DB other than SS/PBCH block
· If DBTW is supported
· 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.
· 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
· The following points are additionally FFS:
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported

Agreement:
For CORESET#0 and Type0-PDCCH search space configured in MIB:
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz
· Support at least SSB and CORESET#0 multiplexing patterns, number of RBs for CORESET#0, number of symbols (duration of CORESET#0) that are supported in Rel-15/16 for {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS = {120, 120} kHz.
· FFS: Supporting additional values
· FFS: Supported values for SSB to CORESET#0 offset RBs
· If 480kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {480, 480} kHz
· If 960 kHz SSB SCS that configures CORESET#0 and Type0-PDCCH CSS in MIB is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {960, 960} kHz
· If 240 kHz SSB SCS is agreed to be supported,
· Support {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {240, 120} kHz
· FFS: any other combinations between one of SSB SCS (120, 240, 480, 960) and one of CORESET#0 SCS (120, 480, 960)
· FFS: initial timing resolution based on low SCS (120 kHz) and its impact on the performance of higher SCS (480/960 kHz)

Agreement:
For 480 kHz and 960 kHz SSB SCS (if agreed)
· Study further on reserving symbol gap between SSB positions with different SSB index (and possibly between SSB position and other signal/channels)
· FFS: whether symbol gap is needed for only 960 kHz or both 480 and 960 kHz.
· Study further on reserving gap for UL/DL switching within the pattern accounting possibility for reserving UL transmission occasions in the SSB pattern
· Study should account for inputs from RAN4

Agreement:
· For initial access and non-initial access use cases, support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2.
· For non-initial access use cases, 
· if 480kHz and/or 960 kHz SSB SCS is agreed to be supported, support 480 and/or 960 kHz PRACH SCS with sequence length L=139 for PRACH Formats A1~A3, B1~B4, C0, and C2, respectively.
· FFS: support of sequence length L = 571, 1151
· FFS: Support of 480 and/or 960 kHz PRACH SCS for initial access use cases, if 480 and/or 960 kHz SSB SCS is agreed to be supported for initial access

Agreement:
· If 480 and/or 960 kHz PRACH SCS is supported, RAN1 should study whether or not the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH.



In this contribution, we discuss the remaining issues of initial access channels, focusing on the perspectives below: 
· SCS for SSB and other Initial Access Channels (e.g., PRACH, CORESET and RMSI PDSCH)
· Multiplexing of SSB and RMSI CORESET patterns
· SSB Pattern for new subcarrier spacing (SCS)

2. Discussion
2.1 On SCS for SSB and Other Initial Access Channels
One of objectives in the WID [2] is to study additional SCS (240kHz,480kHz, 960kHz) for SSB and additional SCS (480/960kHz SCS) for other initial access signal/channels in initial BWP. In accordance with the revised WID [2], the SCS candidates for different physical channels are summarized in Table 1 in a simplified form. 
Table 1: Candidate SCS for SSB, other IA signal/channels and Data and Control Channels [1]
	
	120KHz
	240KHz
	480KHz
	960kHz

	SSB
	Å
	?
	?
	?

	PRACH 
	Å
	
	?
	?

	CORESET 0 and RMSI
	Å
	
	?
	?

	Data and Control Channel
	Å
	
	Å
	Å



We would like to emphasize the following aspects:  
· The 240kHz SCS is not candidate for any other channels except SSB transmission. 
· Support of the new 480kHz and 960kHz SCSs are optional for all channel as captured in ‘Note2’ in the approved WID [2].   

As agreed during study item phase and captured in TR 38.808 [3], selection of the additional SCS on top of 120kHz should consider versatility of being able to support various applications and deployment scenarios with all SCSs that would be supported in specification for NR operation in the above 52.6GHz frequency band including
· Coverage considerations and BWP switching
· Delay spread issues
· Phase noise issues
· Frequency and timing estimation issues
A range of potential use cases was listed in TR 38.808 [3], including indoor hotspot, outdoor mobility scenarios (such as dense urban, urban micro, urban macro, rural, factor hall), and indoor D2D scenarios. 
· For outdoor deployment scenario, 120KHz SCS can be used for SSB/CORESET0 to ensure the target coverage with a single numerology. 
· For the indoor deployment scenarios, coverage is of less concern. Compared to 240KHz SCS candidate, the 480KHz SCS can be used not only for SSB but also for other initial access data/control channels including CORESET 0 and PRACH resources such that a single SCS is used to operate initial BWP for all channels e.g., for indoor deployment scenario. 
· Furthermore, compared to 240KHz SCS, the 480KHz SCS SSB can further reduce the timing estimation error for data and control channels, which is able to enable PDSCH reception with 960KHz SCS with still maintaining timing accuracy within the CP duration. If it is still not enough in some deployment scenarios, TRS with 960KHz SCS can be additionally configured for data/control channels in a UE-specific BWP.   
· Another important factor that needs to be taken into account for SSB SCS is the cell search complexity. With a larger SCS, the OFDM symbol duration becomes shorter, which causes additional complexity at the UE side due to the accordingly increased number of correlations of PSS/SSS sequences. 
· Furthermore, in current FR2 design, up to 2 SCSs are allowed for SSB transmission. UE needs to blindly search all of the possible GSCNs that are associated with different SCSs. Support more than two SCSs for SSBs would result in increased number of hypothetical search and should be strongly justified with balancing between operation flexibility and UE complexity.
· One of debating points in RAN1 104 e-meeting is how to support CGI reading function, which was argued to be important for some infra-vendors. It is our view that without the support of the 960kHz SCS, the CGI reading is still possible by using other SCSs, e.g.,120kHz or 480kHz SCS, if it is critical. 
In summary, to minimize the specification efforts, avoid unnecessarily tighter requirements on UE timing as well as the sampling processing while maximizing supported use cases and deployment scenarios applicable for above 52.6GHz frequency bands and enable a single numerology operation without reserving gap, it is recommended to support the 480kHz SCS with normal CP for SSB and other initial access channels e.g., PRACH, CORESET and RMSI. As analyzed above, support up to two SCSs for SSBs i.e., <120kHz, 480kHz> SCS, the same level of SSB search complexity as in FR2 can be maintained.  

Proposal 1: If additional SCS is supported for initial access, only consider 480kHz SCS.

2.2 SSB Patterns for New SCSs
In the RAN1 104 e-meeting, design principle for SSB pattern for new SCSs was discussed, including the need of switching gap in time domain for SSB transmissions. At the end, one LS [4] was sent to RAN4 to collect inputs about the range of switching time between SSB beams with different directions and between DL and UL channels. 
In Rel-15 FR2 design, switching Tx/Rx beams was assumed to be in the order of 100ns (based on TR38.317-2 Section 9.10.2)”, which could be absorbed by the CP with subcarrier spacing supported for Rel-15/16 NR operating in FR2. With increasing SCS, the CP duration is reduced accordingly to 146.5ns for 480kHz SCS and 73.2ns for 960kHz SCS. Although the required switching gap of FR2 is still within the CP length for 480kHz SCS, it reduces the implementation margin for beam switching compared to existing FR2 with up to 240khz SCS. In addition, a unified SSB pattern that is commonly applicable for all of the new SCSs is always more preferrable to simplify the standard works as well as the implementation/testing/design efforts. 
In current NR design, the switching gap from DL-to-UL or UL-to-DL is defined as 13792 Tc (=7.015 µsec) for Rel-15/16 NR operating in FR2, which corresponds to at least 4 symbols for 480kHz SCS and 7 symbols for 960kHz SCS. In order to utilize the gap for short UL transmission, the gap should be larger enough to accommodate two switching operations, one from DL to UL and the other from UL to DL, and at least one or two symbols PUCCH transmission in between. A slot-level PUCCH transmission may need to be considered such that PUCCH coverage can be ensured with larger SCS.   
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Figure 1 provides one example of SSB pattern commonly applied for both 480kHz SCS and 960kHz SCS based on the existing pattern D defined for 120kHz SCS in Rel-15 for FR2. Two symbols were reserved at the start of every half SSB slot i.e., symbol #0/#1 and symbol #7/#8 for CORESET #0 transmission. Between two SSBs within a SSB slot, at least one symbol is reserved for the beam switching across SSBs (i.e., symbol #6 and symbol #13). In addition, one slot was reserved for DL/UL and UL/DL switching within a burst to allow UL transmission between two SSB burst. To further balance between the system overhead caused by UL/DL switching and achievable UL transmission latency, two back-to-back SSB slots are aggregated within a SSB window. 
Proposal 2: Support to introduce a unified SSB Pattern for 480kHz SCS and 960kHz SCS (if supported):
· The first symbol of candidate SSB have indexes {2,9,16,23} within each SSB burst. 
· Reserve 2 slots for DL/UL and UL/DL switching to allow for fast UL transmission between two SSB bursts.  

2.3 Support of Discovery Burst Transmission Window 
Another open issue is whether and how to support discovery burst (DB) and DBTW at least for 120kHz SCS especially for RRC_IDLE UEs. In addition, a few design restrictions were agreed to guide the future study, including 
· Keeping the same PBCH payload as that of FR2
· Duration of DBTW is no greater than 5ms to avoid increased power consumption of cell search operation. 
· Number of PBCH DMRS sequences is the same as for FR2
Furthermore, a list of design issues was figured out to facilitate discussions:  
· How to support UEs performing initial access that do not have any prior information on DBTW.
· How to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size
· Details of the mechanism for enabling/disabling DBTW considering LBT exempt operation and overlapping licensed/unlicensed bands
· Whether or not to support DBTW for SSB SCS(s) other than 120 kHz if other SSB SCS(s) are supported
For above 52.6GHz frequency band, in ETSI EN 302 567, a margin of up to 10% control frame transmissions without performing an LBT is allowed within an observation period of 100 ms. For the 480KHz and 960KHz, 64 SSBs with 20ms DRS periodicity counts for 2.86% and 1.43% airtime of 100ms observation window, which met the short control signaling rule and no need to performance LBT for SSB transmission. For 120kHz SCS, with 64 SSB and 20ms periodicity, overhead is 0.125 * 8/14 * 32*5/100 = 11.43%, which is over 10% limitation. 
Based on the discussion above, if short control signaling rule exists, we do not see a need of DBTW for 480khZ SCS and 960kHz SCS, instead of simply classifying SSB as short control signaling for transmission without LBT. On the other hand, as pointed out in email discussion, DBTW maybe motivated to ensure the SSB transmission for some region e.g., Japan, where LBT is always required if transmission power exceeds certain threshold. If supported, mechanism to enable/disable DBTW is therefore necessary at least for the case of operating in licensed spectrum or unlicensed band without need of LBT. 
A number of options exist to support DBTW enabling/disabling. To facilitate the discussion below, total number of GSCN entries for a given frequency band defined by RAN4 is denoted as ‘N’ e.g., based on the need of channel arrangement. Table 1 summarizes the possible candidates if DBTW needs to be introduced: 
Table 1: DBTW Disabling/Enabling Signaling Overview
	
	Description
	Comment

	Opt.1: 
	Separate GSCN sets for a given frequency band (i.e., ‘2N’ GSCNs). Correspondingly, the first set is reserved for SSB with DBTW and the other is reserved for SSB without DBTW.
	It increases the total number of GSCNs that RRC_IDLE UE needs to hypothetically search and causes additional complexity, power consumption as well as the larger cell search latency

	Opt.2
	Split the ‘N’ GSCN values into two sub-set with each consists of N/2 GSCNs. Similarly, the first sub-set is used for DBTW enabling and the other is used for other case. 

	This solution is also less attractive due to the degraded flexibility for channel arrangement in frequency domain.  

	Opt.3
	Indicate the DBTW enabling/disabling through PBCH channel, e.g., scrambling the CRC bits of PBCH payload.  
	Preferrable. 



Proposal 3: If DBTW is introduced for above 52.6GHz frequency band, support enabling/disabling the DBTW by scrambling CRC bits of PBCH payload. 

Another FFS aspect related to DBTW design is how to indicate candidate SSB indices and QCL relation without exceeding limit on PBCH payload size. Similar as in NR-U, a set of Q values (e.g., two) can be hard-encoded in specification and then repurposes two bits in PBCH payload to signal the index of predefined Q values. The exact bit(s) in PBCH for Q indication has certain dependency with other open issues as listed below.
· For Rel-16 NR-U, 1-bit 'subCarrierSpacingCommon' field is re-interpreted for Q value indication based on the earlier agreement of using a same SCS for CORESET 0 and SSB. If this design philosophy is extended to above 52.6 GHz, the NRU design can be directly reused to borrow 1-bit 'subCarrierSpacingCommon' field. 
· If three or four candidate values are deemed necessary for ‘Q’, one more bit is needed. For {SSB, PDCCH} SCS is {120,120} kHz, eight rows are currently used in Table 13-8 and therefore three bits are sufficient. As one consequence, one possibility is to re-purpose 1-bit MSB of ‘controlResourceSetZero’ in pdcch-ConfigSIB1 of PBCH payload assuming total number of rows for {SSB, PDCCH} combinations is limited up to 8.   
As in NRU, for inter-frequency cell re-selection, the DBTW presence and the corresponding Q value maybe explicitly provided for each listed carrier by using SIB4. For SCell addition/modification, the presence of DBTW for each SCell can be included in the sCellToAddModList and the Q value (if DBTW is enabled) maybe separately provided in the sCellConfigCommon and sCellConfigDedicated IE for SCell or SCG. For RRM measurement of a neighbor cell in IDLE, INACTIVE and CONNECTED states, DBTW presence and corresponding Q value may be broadcasted in SIB (e.g., SIB2 for intra-frequency neighbor cells and SIB3 for intra-frequency cell re-selection) and/or dedicated RRC signaling measObjectNR for the serving cell.
Proposal 4: If DBTW is introduced, for above 52.6GHz frequency band, consider re-purposing the 1-bit 'subCarrierSpacingCommon' and 1-bit MSB of controlResourceSetZero to signal the Q value.  


2.4 PRACH Sequence length
In RAN1 104 e-meeting, it was agreed to support 120kHz PRACH SCS with sequence length L=571, 1151 (in addition to L=139) for PRACH Formats A1~A3, B1~B4, C0, and C2. However, it remains FFS for new SCS regarding the long sequence with L=571, 1151. 
Like for Rel-16 NRU, support of 120kHz PRACH SCS with sequence length L=571/1151 is mainly motivated for coverage purpose such that maximum transmission power can be fully utilized by PRACH even following the rule of PSD limit and EIPR restriction on high band (i.e., 23dBm/MHz with up to 40dBm EIRP). However, for 480kHz and 960kHz SCS, PRACH sequence L= 139 with 480/960KHz SCS already span over 66.7MHz and 133.4MHz BW respectively, which can fully take advantage of the 40dBm EIPR limit with 23dBm/MHz PSD limit. PRACH with L=571/1151 would results in excessive bandwidth and extremely low PSD. The benefit has not been clearly justified yet. To avoid unnecessary efforts in implementation/testing, we therefore propose the following:  
Proposal 5: If 480kHz and 960kHz SCS are used for PRACH transmission, support L=139 only. 

2.5 PRACH RO configuration for new SCSs
In Rel-15, up to 8 FDMed ROs can be configured in frequency domain. In the RAN1 104e meeting, it was agreed to support  in addition to . In addition, from RAN1 perspective, maximum channel bandwidth for 120kHz SCS was agreed to be 400 MHz for NR operation in 52.6GHz to 71GHz. Support of eight FDMed ROs with  requires 548.16MHz and 1104.96MHZ respectively, which exceeds the maximum BW of 400MHz. Hence, the following was proposed:    
Proposal 6: 
· Maximum 4 PRACH ROs can be configured for 120kHz SCS with .  
· Maximum 2 PRACH ROs can be configured for 120kHz SCS with .  

In time-domain, PRACH resource is configured within a set of so-called RACH slots that repeats itself in a periodic manner. Since Rel-15, reference numerologies (i.e., 15kHz SCS for FR1 and 60kHz SCS for FR2) is used to construct the PRACH configuration Table. One or two PRACH slots in a slot of reference SCS is supported in the hard-encoded PRACH configuration Table. In our view, the existing signaling framework can be reused for the new 480kHz and 960kHz SCSs to maintain PRACH capacity as in FR2. The remaining issue is how to determine the PRACH slot index(s) within a 60kHz slot for the new SCSs. The number of PRACH slots within a 120kHz SCS should be distribution evenly across the reference slot such that the initial access latency can be minimized from system perspective. 
Figure 2 provides an example assuming two 120kHz RACH slots were configured by gNB.
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Proposal 7:
· Reuse the existing FR2 PRACH configuration Table to indicate the time-domain PRACH slot location. 
· Support to keep the same PRACH capacity as Rel-16 FR2 for 480kHz and 960kHz SCS to minimize the signaling overhead. 
· The configured PRACH slots should be distributed over the 60kHz reference slot.   

2.6 RA-RNTI calculation
In the RAN1 104 e-meeting, it was agreed to further study whether or not the current RA-RNTI calculation and PRACH identification in RAR correctly provides unique identification of PRACH. 
In current NR system [5], the RA-RNTI is calculated using the following equation: 

Where:  is the index of the first OFDM symbol of the PRACH occasion; 0 is the index of the first slot of the PRACH occasion in a system frame. 0 is the index of the PRACH occasion in the frequency domain. and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL
carrier, and 1 for SUL carrier). As one consequence, the range of RA-RNTI for Msg-2 scheduling is 1 to 17920, which is within 2^16-1 or 65535. Similarly, for MsgB RNTI, the range is from 17920 to 35840. However, if we support 480kHz or even 960kHz SCS, the associated RA-RNTI would be increased to 71680 (=17920*4 for 480 SCS) or even 143360 (=17920*8 for 960kHz SCS). Clearly, the requested RA-RNTI value range far exceeds the 16-bit width of RA-RNTI in current system. Similarly, for MsgB-RNTI, the range would be further increased to 286720 and also beyond the 16-bit range.
Two solutions were identified in RAN1 104-e meeting [1]:   
· Opt.1: Modifying the existing RA-RNTI calculation equation with adding ‘’ operation as follows: 
· 
· Opt.2: Divide RO into N segments (each segment includes 80 slots with the new SCSs), and signal segment index in the DCI scheduling RAR or MsgB.  
It is our understanding that the issue is that the maximum RA-RNTI value based on existing equation exceeds the 16-bit range. However, the RAR window associated with two consecutive PRACH ROs are not overlapped. Therefore, Opt.2 is not preferable due to the increased DCI overhead 

Proposal 8: modifying the existing calculation equation to solve the RA-RNTI overflowing problem: 
· 

3. Conclusion 
In this contribution, we have presented our views on open issues related to initial access channel and signals on above 52.6GHz frequency bands. Based on the discussions above, the following was proposed: 
Proposal 1: If additional SCS is supported for initial access, only consider 480kHz SCS.
Proposal 2: Support to introduce a unified SSB Pattern for 480kHz SCS and 960kHz SCS (if supported):
· The first symbol of candidate SSB have indexes {2,9,16,23} within each SSB burst. 
· Reserve 2 slots for DL/UL and UL/DL switching to allow for fast UL transmission between two SSB bursts.  
Proposal 3: If DBTW is introduced for above 52.6GHz frequency band, support enabling/disabling the DBTW by scrambling CRC bits of PBCH payload. 
Proposal 4: If DBTW is introduced, for above 52.6GHz frequency band, consider re-purposing the 1-bit 'subCarrierSpacingCommon' and 1-bit MSB of controlResourceSetZero to signal the Q value.  
Proposal 5: If 480kHz and 960kHz SCS are used for PRACH transmission, support L=139 only. 
Proposal 6: 
· Maximum 4 PRACH ROs can be configured for 120kHz SCS with .  
· Maximum 2 PRACH ROs can be configured for 120kHz SCS with .  
Proposal 7:
· Reuse the existing FR2 PRACH configuration Table to indicate the time-domain PRACH slot location. 
· Support to keep the same PRACH capacity as Rel-16 FR2 for 480kHz and 960kHz SCS to minimize the signaling overhead. 
· The configured PRACH slots should be distributed over the 60kHz reference slot.   
Proposal 8: modifying the existing calculation equation to solve the RA-RNTI overflowing problem: 
· 
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