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Introduction
In WID [1], the objective related to SSB and initial BWP is shown as follows.
	· 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.


According to WID objectives shown above, {120kHz, 120kHz} subcarrier spacing (SCS) combination for {SSB, initial BWP} should be supported as baseline. 
This contribution mainly focuses on initial access for NR from 52.6GHz to 71GHz.

SSB aspects
Subcarrier spacing of SSB
120/480/960kHz SCS for channelization
Single SCS operation, or equivalently single numerology operation (ECP is not considered here), can reduce UE complexity, which has been strived to be supported in R16 NR-U. Which SCS is used in a carrier is mainly based on the maximum channel bandwidth for a given carrier. For instance, in R16 NR-U, 15kHz SCS can be used when the maximum channel bandwidth is 50MHz, and 30kHz SCS can be used when the maximum channel bandwidth is 100MHz. In RAN1#104e, the maximum channel bandwidth for 60GHz was agreed.
	Agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz
· Send LS to RAN4 to inform about RAN1’s agreement of maximum channel bandwidth and ask RAN4 to decide and feedback the exact value of maximum channel bandwidth for 960 kHz SCS, the corresponding numbers of RBs for the maximum channel bandwidth of SCS(s) supported in 52.6 GHz to 71 GHz. 


In general, 120kHz SCS can be used when the maximum channel bandwidth is 400MHz, and 480kHz SCS can be used when the maximum channel bandwidth is 1600MHz, 960kHz SCS can be used when the maximum channel bandwidth is 2000 or 2160MHz.
In 60GHz spectrum, there are plenty of spectrum resource, so 480/960kHz SCS is necessary to support the wide channel bandwidth. In addition, 120kHz SCS is necessary for in some cases, e.g. better coverage and narrowband operation [2]. 

120kHz SCS for SSB
UE can process with SSB with 120kHz SCS for initial access use cases, which center frequency of SSB is not provided to UE, e.g. initial cell selection and cell reselection. 120kHz SCS for SSB has benefit of low UE complexity, and thereby it is baseline.

240kHz SCS for SSB
Although 240kHz SCS for SSB is supported in R15/16 FR2 with acceptable UE complexity, the single SCS operation seems more important in most companies’ view. In this sense, 240kHz SCS for SSB can be down-prioritized.

480/960kHz SCS for SSB
In RAN1#104-e discussion, 240kHz, 480kHz and 960kHz SCS were proposed. But there has no conclusion for them.
	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.


Feature lead gave a summary for the email discussion:
	The following is a quick summary of discussion so far:
· At least 2 companies do not see a need to support 480/960 kHz for SSB as system can operate with 120kHz.
· One of the companies is willing to compromise to support only if support of 480/960 SSB does not support indication of CORESET0 and Type0-PDCCH configuration.
· One of the companies claimed single numerology operation is feasible even without support of 480/960 SSB and therefore support of 480/906 is completely not needed. Note that this claim is being deputed.
· Large number of the companies seems to support 480/960 kHz for SSB at least for the cases CORESET0 and Type0-PDCCH configuration is not needed in MIB.
· Further debates among companies on whether it is possible to completely avoid indication of CORESET0 and Type0-PDCCH configuration in MIB, if we consider CGI reporting and ANR, which is operators will likely wish to support for unlicensed bands. Therefore, from moderator’s perspective, it might be reasonable to consider this aspect (support of SSB with CORESET0 & Type0-PDCCH CSS configuration in MIB) for further study.
· There were additional discussion about market fragmentation and optionality of the features, need to enable single numerology operation (at least for managed networks), additional cell search complexity, whether cell search complexity is important for optional features, concerns of timing acquisition for 480/960 kHz based on 120kHz SSB, potential methods that can help with timing, support of ANR and CGI reporting and its relationship to SIB1 decoding, and others. Moderator thinks the additional discussion should have help companies understand each other position better.


The focus is 480/960kHz SCS for SSB.In our view, 480/960kHz SCS for SSB can be considered for connected mode UE, while connected mode UE is operating in BWP with 480/960kHz SCS.

Time/frequency tracking for serving cell
First, UE does not have to switch between SSB-based measurement and data processing. This single SCS operation can ease UE implementation.
As another advantage, 480/960kHz SCS can provide finer time resolution than 120kHz SCS. When 120kHz SCS is applied for timing tracking, within the CP length of OFDM symbol with 960kHz SCS, there could be too small number of samples acquired by SSB with 120kHz SCS due to coarse time resolution. The poor number of sample within the CP length will potentially cause ISI issue.
In this case, SSB can be replaced by TRS/CSI-RS of serving cell, but validations of TRS/CSI-RS needs consuming lots of DCIs.

Serving cell RRM measurement
SSB with 480/960kHz SCS has benefit of single SCS operation for serving cell RRM measurement for connected mode UE.
Similarly, SSB can be replaced by TRS/CSI-RS of serving cell, but validations of TRS/CSI-RS need to consume a large number of DCIs.
Observation 1: For time/frequency tracking and serving cell RRM measurement for connected mode UE, 480/960kHz SCS for SSB has at least benefit of single SCS operation, and it is not a good way to replace SSB by TRS/CSI-RS of serving cell.

Neighboring cell RRM measurement
SSB with 480/960kHz SCS has benefit of single SCS operation for neighboring cell RRM measurement for connected mode UE.
Observation 2: For neighboring cell RRM measurement for connected mode UE, 480/960kHz SCS for SSB has at least benefit of single SCS operation.
Some companies proposed to using CSI-RS with 480/960kHz SCS to replace SSB. But, there are two drawbacks for using CSI-RS, when it is applied to the neighboring cell RRM measurement:
· Generally, CSI-RS RRM measurement for neighboring cell should base the timing on the SSB indicated by ssb-ToMeasure. So, CSI-RS RRM measurement needs the processing of SSB of neighboring cell, and thereby UE should switch between processing CSI-RS with 480/960kHz SCS and SSB with 120kHz SCS.
· In unlicensed band, CSI-RS cannot be validated due to lack of DCI from the neighboring cell.
Observation 3: CSI-RS with 480/960kHz SCS cannot replace SSB with 480/960kHz for neighboring cell RRM measurement, because
· CSI-RS RRM measurement needs the processing of SSB of neighboring cell, and
· In unlicensed band, CSI-RS cannot be validated due to lack of DCI from neighboring cell.

Handover and SCell addition for CA/DC
Neighboring cell RRM measurement is prerequisite for handover and SCell addition for CA/DC. 
After gNB commands UE to perform handover and SCell addition for CA/DC, UE should perform timing/frequency tracking for the neighboring cell (target cell) with center frequency provided by gNB. Similar to time/frequency tracking for the serving cell, SSB with 480/960kHz SCS can provide benefits like single SCS operation (deployed with the same SCS for mobility) and finer time resolution, which is desired for efficient handover and SCell addition. Because it is also neighboring cell processing, similar to neighboring cell RRM measurement, CSI-RS with 480/960kHz SCS cannot replace SSB with 480/960kHz SCS.
Observation 4: For handover and SCell addition for CA/DC for connected mode UE, 480/960kHz SCS for SSB has benefits of single SCS operation and finer time resolution. Similarly, CSI-RS with 480/960kHz SCS cannot replace SSB with 480/960kHz in these cases.

ANR/CGI reporting
In R16 NR-U, the off-raster SSB (cannot be used for initial cell selection) is used for ANR/CGI reporting, and gNB can provide the center frequency of the off-raster SSB to UE to enable MIB and SIB1 acquisition in order to complete ANR/CGI reporting. If this is applicable for NR from 52.6GHz to 71GHz, SSB with 480/960kHz SCS has benefit of single SCS operation. Because it is also neighboring cell processing, similar to neighboring cell RRM measurement, CSI-RS with 480/960kHz SCS cannot replace SSB with 480/960kHz SCS.
Observation 5: For ANR/CGI reporting for connected mode UE, 480/960kHz SCS for SSB has at least benefit of single SCS operation. Similarly, CSI-RS with 480/960kHz SCS cannot replace SSB with 480/960kHz in these cases.
In this case, MIB in the off-raster SSB carries the configuration of CORESET0. But for NR from 52.6GHz to 71GHz, some companies do not expect MIB in SSB with 480/960kHz carrying the configuration of CORESET0. Maybe they concern about the potential use of SSB with 480/960kHz for initial cell selection. In our view, SSB with 480/960kHz SCS can be placed outside the sync raster to avoid to be used for initial cell selection. This logic is also applied in R16 NR-U, i.e. SSB for ANR/CGI reporting is placed off the sync raster.
Observation 6: If SSB with 480/960kHz SCS is placed off the sync raster, UE cannot perform cell search with SSB with 480/960kHz SCS.

Initial cell selection
It is questionable that whether SSB with 480/960kHz SCS can be applied to initial cell selection. SSB with 480/960kHz SCS will cause high UE complexity due to huge number of samples in 20ms window in blind detection for a candidate center frequency (a sync raster or a finer raster to mitigate frequency error) [3]. In initial cell selection, the number of candidate center frequencies is large, which increases UE complexity. In our view, it is not friendly for UE implementation to use SSB with 480/960kHz SCS in initial cell selection. 

Therefore, from above discussion, SSB with 480/960kHz SCS can be supported for connected mode UE.
Proposal 1: SSB with 480/960kHz SCS can be supported for connected mode UE.

SSB pattern
120kHz SCS for SSB 
The legacy pattern for SSB with 120kHz SCS can be considered. 
When 120kHz SCS for SSB (the initial BWP) and 480/960kHz SCS for BWP for large channel bandwidth operation are co-existing, two consecutive SSBs with 120kHz SCS will correspond to 32/64 symbols for BWP with 480/960kHz SCS. 32/64 symbols will occupy longer than 2/4 DL slots, which is not efficient to reserve the gap for UL transmission. In this sense, it can be optimized to insert the gap between the two consecutive SSBs, which is like Case A/C for SSB with 15/30kHz SCS. 2 symbols with 120kHz SCS in between two SSBs can provide 8/16 symbols with 480/960kHz SCS, which can be used as the gap for UL transmission.
Proposal 2: The legacy pattern for SSB with 120kHz SCS, i.e. Case D, can be considered.
Proposal 3: The new pattern for SSB with 120kHz SCS, e.g. Case A/C for SSB with 15/30kHz SCS, can be also considered.

480/960kHz SCS for SSB 
It was agreed that the reserving symbol gap between SSB positions for beam switching and the reserving gap for DL/UL switching and DL/UL transmission is FFS, if 480/960kHz SCS for SSB is agreed to be supported.
	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


Beam switching, DL/UL switching and DL/UL transmission need to be discussed in RAN4.
	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.


If the symbol gap between SSB positions is agreed to be supported, the SSB pattern of Case A/C for SSB with 15/30kHz SCS can be considered, in which at least two symbols are reserved as gap between each two adjacent SSBs.
Proposal 4: If the symbol gap between SSB positions is agreed to be supported, the SSB pattern of Case A/C for SSB with 15/30kHz SCS can be considered.

Discovery burst transmission window
Some agreements related to DB and DBTW was achieved. Some conditions to support DBTW were agreed, e.g. mechanism to inform DBTW is enabled/disabled, the same PBCH payload size and number of PBCH DMRS sequences as that of FR2, no greater than 5ms for length of DBTW. Some FFS points were also agreed.
	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



Support of discovery burst
In our view, DB is defined for high-priority LBT, i.e. Cat-2 LBT. But Cat-2 LBT is not agreed to be supported.
	Agreement:
For Cat 2 LBT, down-select from the following alternatives
· [bookmark: _GoBack]Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation


Support of DB can wait for the conclusion that whether Cat-2 LBT is supported. 
Proposal 5: If Cat-2 LBT is supported, DB can be supported.

Support of discovery burst transmission window
DBTW in R16 NR-U is actually the SSB transmission window, and only SSBs should be transmitted confined in DBTW. So, DBTW can be supported even if DB is not defined.
DBTW can reduce the number of candidate SSB positions
For R16 NR-U, DBTW can reduce UE complexity if DBTW is configured with short duration, since DBTW can reduce the number of candidate SSB positions in which SSB beams can slide.
Relationship between DBTW and LBT exempt operation
LBT exempt operation means “no LBT” for short control signalling including SSB.
If “SSB beam repetition” is not implemented at gNB side, DBTW functionality of reducing the number of candidate SSB positions is redundant for LBT exempt operation. It seems the reason why DBTW may be unnecessary for LBT exempt operation.
If “SSB beam repetition” is implemented at gNB side, DBTW functionality of reducing the number of candidate SSB positions has benefit to reduce UE complexity.
DBTW means additional transmission opportunities for SSB beam rather than “SSB beam repetition”, and “SSB beam repetition” as a coverage enhancement is not pursued as mentioned in WID. 
From UE perspective, even if DBTW is supported and indicates a long length window for UE, UE may not detect the multiple candidate SSB positions since UE know gNB may not run “SSB beam repetition”. Whether supporting the soft combination for potential “SSB beam repetition” is up to UE implementation and only meaningful for initial cell selection. Hence, it is not so necessary to disable DBTW from UE perspective even for LBT exempt operation.
Observation 7: For functionality of reducing the number of candidate SSB positions, disabling DBTW seems feasible but not so necessary for LBT exempt operation.
Inapplicability for LBT exempt operation
LBT exempt operation may not be applicable in some cases. For example, duration of 64 SSB beams with 120kHz SCS exceeds 10ms within an observation period of 100ms duration, if the default 20ms SSB burst periodicity is used.
DBTW can further reduce the number of SSB beams
As mentioned above, usually DBTW can reduce the number of candidate SSB positions, but DBTW can further reduce the number of SSB beams, if the candidate length of DBTW can defined as short as possible.
Hence, DBTW can reduce the number of SSB beams with 120kHz SCS to satisfy the condition of LBT exempt operation.
Alternatively, the number of SSB beams with 120kHz SCS can be reduced by stringently limiting the number of candidate SSB positions in a predefined way, e.g. less than 64, but it is inflexible.
As another alternative, if the number of candidate SSB positions is equal to that of SSB beams, the indication of ssb-PositionsInBurst may replace the functionality of DBTW to reduce the number of candidate SSB positions. Unfortunately, in SIB1, ssb-PositionsInBurst is just a 16 bits bitmap, which cannot precisely indicate the on/off of 64 SSB beams when the number of SSB beams is reduced.
Hence, DBTW is better to reduce the number of SSB beams with 120kHz SCS to satisfy the condition of LBT exempt operation.
Observation 8: For functionality of reducing the number of SSB beams, enabling DBTW seems beneficial to satisfy the condition of LBT exempt operation.
In addition, LBT exempt operation is not applicable in some cases, e.g. short SSB periodicity, 64 SSB beams with 120kHz SCS and the lots of channels/signals multiplexed with SSB. In other words, SSB transmission with LBT is agreed to be supported.
	Agreement:
· SSB transmission with LBT is supported, at least when the conditions for contention exempt short control signalling based SSB transmission is not met 
· Note the channel access for SSB with LBT may not be different from a normal COT with multiple beams
· FFS: If any difference from a multi-beam COT LBT needs to be introduced


When SSB transmission with LBT is applied, DBTW can still reduce UE complexity by reducing the number of candidate SSB positions.
As a conclusion, we propose to support DBTW.
Proposal 6: DBTW can be supported.

SSB-based CSI-RS validation
SSB-based CSI-RS validation had been discussed in R16 NR-U, but did not agreed. But in our view it should be supported to fully utilize functionality of CSI-RS.
For connected mode, UE should perform T/F tracking based on TRS timely. In unlicensed operation, whether TRS is transmitted is unknown by UE, and it makes UE behaviour different from that in licensed operation. Since UE does not know the presence of TRS, with current CSI-RS validation methods, UE should detect a DCI format 2-0 to get the CO information covering CSI-RS or determine a resource scheduled by a DCI format containing CSI-RS. But UE may detect the DCI format with large T/F error and thus suffer from miss-detection, if the valid occasions of TRS is not enough. It will be chicken-and-egg problem. In our view, there could be some solutions in gNB implementation, e.g.
· gNB should configure the enough number of TRS occasions (in active time if C-DRX is configured since UE only detect DCI format other than DCI format 2-6 in active time and DCI format 2-6 cannot inform CO or schedule a resource), and
· gNB should achieve TXOPs to construct COs as many as possible to cover the configured TRS occasions, and transmit a DCI format to let UE validate TRS.
The above solutions are not efficient from both network and UE perspectives.
In 60GHz, CSI-RS for beam management is important, so the DCI-based CSI-RS validation is too limited to enable reliable beam management based on CSI-RS.
For unlicensed operation in 60GHz, UE should monitor lots of PDCCH occasions for the DCI-based TRS validation. Fortunately, SSB transmission can be with no-LBT if SSB belongs to contention exemption short control signalling, so the SSB-based TRS validation can make the T/F tracking based on SSB/TRS as reliable as possible in connected mode. In addition, if C-DRX is configured, the SSB-based TRS validation can let UE perform T/F tracking based on TRS outside active time.
Observation 9: The SSB based TRS validation can make the T/F tracking based on SSB/TRS as reliable as possible.
For idle mode, in R17 the paging enhancement with additional TRS/CSI-RS in idle mode is being defined. In the logic of the additional TRS/CSI-RS, the idle-mode UE should perform T/F tracking based on TRS/CSI-RS a prior to paging PDCCH. But this is not feasible for unlicensed operation, since UE in unlicensed operation should validate TRS/CSI-RS by detecting PDCCH successfully. Due to this, the additional TRS/CSI-RS in idle mode cannot be applied in unlicensed operation relying on the DCI-based CSI-RS validation. Similar to connected mode, the SSB-based TRS/CSI-RS validation can make the additional TRS/CSI-RS in idle mode feasible.
Observation 10: The SSB-based TRS/CSI-RS validation can make the additional TRS/CSI-RS in idle mode feasible.
Therefore, the SSB-based TRS/CSI-RS validation can be considered to be supported.
Proposal 7: The SSB-based TRS/CSI-RS validation can be considered to be supported.

[bookmark: _Ref494215420]Conclusion
We have the following observations and proposals.
Proposal 1: SSB with 480/960kHz SCS can be supported for connected mode UE.
Proposal 2: The legacy pattern for SSB with 120kHz SCS, i.e. Case D, can be considered.
Proposal 3: The new pattern for SSB with 120kHz SCS, e.g. Case A/C for SSB with 15/30kHz SCS, can be also considered.
Proposal 4: If the symbol gap between SSB positions is agreed to be supported, the SSB pattern of Case A/C for SSB with 15/30kHz SCS can be considered.
Proposal 5: If Cat-2 LBT is supported, DB can be supported.
Proposal 6: DBTW can be supported.
Proposal 7: The SSB-based TRS/CSI-RS validation can be considered to be supported.
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