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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK144][bookmark: OLE_LINK145]In this contribution, we discuss our views on initial access including SS/PBCH blocks transmission, discovery burst (DB), discovery burst transmission window (DBTW), SS/PBCH block and CORESET#0 multiplexing patterns and PRACH configuration.
[bookmark: _Ref129681832]SS/PBCH blocks transmission
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK9]SCS for SS/PBCH blocks
There have been long discussions on whether or not SSB with SCS other 120 kHz should be supported in above 52.6 GHz spectrum. This led to the following agreement in RAN1-104e:
	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#104b-e.



In this section, we discuss the implications and challenges of supporting SSBs with higher than 120 kHz SCS.  Further, we address many of the concerns raised in RAN1 104-e about supporting only SSBs with 120 kHz SCS, and argue that SSB with 120 kHz SCS for initial access is largely sufficient and allows minimizing the bandwidth used for initial access and maximizing the initial access coverage.
[bookmark: OLE_LINK1]Support for mixed numerology 
One of the arguments of some of the proponents of supporting 480/960kHz SCS for SSB is to facilitate operating only on a single 480/960kHz numerology for both initial access and data/control channels and avoid the need to support a mixed numerology operation in above 52.6 GHz spectrum. However, 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 while 120, 480, and 960 kHz SCSs are supported for data and control channels and reference signals:
	Excerpt from WID RP-210862:
· 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. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
[…]
· 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.




According to the current WID, NR design should allow operation for the following cases:
· Case 1: 120 kHz SCS for SSB and initial access, with 120 kHz SCS for control and data channels and RS 
· Case 2: 120 kHz SCS for SSB and initial access, with 480 kHz SCS for control and data channels and RS 
· Case 3: 120 kHz SCS for SSB and initial access, with 960 kHz SCS for control and data channels and RS 
It was never understood that if an additional value of SCS for SSB and initial access would be defined, that cases 2 and 3 above would no longer need to be defined. The reason for supporting 480 and 960 kHz SCS for control and data is for enabling operation in a wide carrier, which can also be supported with 120 kHz SSB. 
Observation 1: Mixed numerology operation with 120 kHz SCS for SSB and signal and channels used for initial access, and 480 or 960 kHz SCS for control and data signals and channels, is an objective of the WID in RP-210862.
Guard band issue
It has been argued that the use of mixed numerology results in a waste of resources on guard band between two different SCSs. Regarding this issue, the following two points should be taken into account. 
First, no guard band is required when two different numerologies are TDMed. At least from the UE perspective, it is almost always possible that mixed numerologies are TDMed: as will be discussed in later subsections, UE does not need to operate on any SCS other than 120 kHz during initial access. If UE switches its BWP to an active BWP with 480(960) kHz SCS, UE only measures 120 kHz SSBs during SMTC. As will be shown in later subsections, SSB measurement during SMTC requires a scheduling restriction or a measurement gap irrespective to whether the SCS of the measured SSBs is the same as or different from that of the active BWP.
Second, in the case that supported mixed numerologies are FDMed, the one or two guard band PRB(s) is required only on the OFDM symbols with mixed numerologies and not all symbols. This substantially reduces the guard band overhead.
Observation 2: Mixed numerologies can be TDMed to avoid guard bands. If mixed numerologies are required to be FDMed, one or two guard PRBs only on the OFDM symbols with mixed numerologies would be enough. 
As discussed above, the support for the mixed numerology operation in above 52.6 GHz spectrum is a WID objective. Besides this fact, there are multiple other implications with the support of single numerology operation which will be discussed in the next few subsections.   
[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Possibility of fragmentation in single numerology operation
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]The main motivation from the proponents is to support additional SSB SCS in order to enable operating in single numerology other than 120 kHz, in order to allow for efficient transceiver implementation. This is assuming that some types of UEs would only need to be implemented to support a single numerology, e.g. for private deployments where global interoperability would not be required assuming all equipment comes from a single vendor [2]. In this case, a UE could be implemented to support only e.g. 960 kHz for initial access and subsequent operations. Such a scenario where both the network and UEs only support 960 kHz SCS would result in two issues: 1) UEs that support only 120 kHz SCS (according to the WID, UE is not required to support 480 and 960 SCS) cannot camp on and access to the network that only supports 960 kHz SCS; 2) UEs that support only 960 kHz cannot camp on and access to the networks that support 120 kHz SCS. Excluding either the UEs that only support 120 (960) kHz SCS from connecting to the network that only support 960 (120) kHz SCS creates fragmentation. Note that fragmentation increases both the UE and network cost and this defeats the purpose of reducing the transceiver complexity with a single numerology. 
Observation 3: Network deployments that solely support the optional 480/960 kHz SCSs can result in fragmentation in above 52.6 GHz spectrum.
Measurement gap/scheduling restrictions in single numerology deployments
Some proponents of single numerology operation argued that if UE operates only on a single numerology, scheduling restriction or measurement gap is not required for UE measurement. This is not a correct understanding. Even if SSB and data use the same numerology (i.e., both 960 kHz or both 480 kHz), UE still requires to have scheduling restrictions/measurement gap for SS-RSRP, SS-RSRQ, SS-SINR. In fact, according to 38.133, UE can perform inter-frequency SSB based measurements without measurement gaps only under very specific circumstances:
	38.133 Clause 9.3.1
The UE can perform inter-frequency SSB based measurements without measurement gaps if 
-	the UE supports  interFrequencyMeas-Nogap-r16 [15],  and
-	interFrequencyConfig-NoGap-r16 [15] is indicated, and 
-	the SSB is completely contained in the active BWP of the UE.



For intra-frequency based measurements in FR2, measurement gaps may not be required. However, still scheduling restrictions are required during SMTC:
	38.133 Clause 9.2.5.3.3
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.




As is evident above, the use of a single numerology does not avoid scheduling restriction/measurement gap for RRM measurements.
Observation 4: Measurement gap/scheduling restriction for RRM measurement is still required in single numerology deployments.
Single numerology operation deployment area
Single numerology operation cannot be flexibly attained per cell or gNB level. In fact, single numerology operation cannot be guaranteed unless a cluster of deployed gNBs transmit SSBs with the same SCS. This is due to the fact that UE needs to perform RRM measurement on neighboring cells. Therefore, if a gNB only supports 960 kHz SCS and a neighboring gNB only supports 480 kHz SCS, still a single numerology operation is not attainable from the UE perspective. 
Observation 5: Single numerology operation cannot be flexibly attained per cell or gNB level.
Specification impact of supporting SSBs with 480(960) kHz SCS
The support for 480(960) kHz SSB SCS entails a huge specification work that, in our view, is insurmountable to tackle in the three remaining RAN1 meetings in Rel-17 which all will be held electronically. Note that, according to RAN1-104e agreement, if 480(960) kHz SSB SCS for initial access is supported, 480(960) kHz SSB SCS CORESET#0 should also be supported. It was also agreed in RAN1-104e for non-initial access that if 480(960) kHz SSB SCS is supported, 480(960) kHz PRACH should also be supported at least with L=139. Further, if 480(960) kHz SSB SCS is supported for initial access, other channels/signals used during initial access (e.g., PRACH) may need to be supported in the same subcarrier spacing of the supported SSB to prevent the need for BWP switching during initial access. Below, we have overviewed some of the specification work in RAN1 that directly follows from the support of 480(960) kHz SSB SCS:
A. SSB pattern design for 480(960) kHz in non-shared spectrum.
B. PRACH design, including supported PRACH sequence lengths, RA-RNTI calculation, PRACH formats, frequency resource design, and RACH occasions configuration tables for 480(960) kHz in non-shared spectrum. 
C. Discussion and design of SSB pattern and RACH occasion configuration for shared spectrum after (or in parallel to) the discussions in A. and B.
D. CORESET#0 design including number of supported RBs and symbols for 480(960) kHz.
E. Supported {SSB, CORESET#0} multiplexing patterns and CORESET#0 RB offsets for 480(960) kHz. 
F. Search Space design for each CORESET#0 multiplexing pattern for 480(960) kHz.

Note that:
· SSB pattern design in A. and possibly the RACH occasions configuration in B. (and, hence, the discussions in C.) require waiting for the reply from RAN4 to RAN1 LS [3] to decide whether or not a gap symbol between two consecutive SSBs and/or ROs in 480(960) kHz is needed. RAN4 reply is not expected to be received before RAN1 105-e.
· Issues in D. and E. require waiting for the reply from RAN4 to RAN1 LS [4] on minimum supported channel bandwidth for 480(960) kHz. Again, RAN4 reply is not expected to be received before RAN1 105-e.
· Above list is not an exhaustive list and does not include RAN4 work load such as the synch raster design which can actually further impact RAN1 related design such as indication. 
In our view, it would be too optimistic to hope that above major issues can all be resolved in just three electronic meetings, in particular, in view of the diverse set of proposed designs for SSB, CORESET#0, and PRACH configurations that companies have already proposed in RAN1 104-e and five more sub-agendas in this WI that need to be completed as well.
Observation 6: Support for 480(960) kHz SSB SCS entails an insurmountable workload in the three remaining RAN1 e-meetings.
Initial access complexity using higher SSB SCS
Based on the current agreements, UE only needs to blindly detect SSBs on 120 kHz SS raster entries for initial access. Supporting 480(960) kHz SSB for initial access entails an additional set of blind SSB detections on the supported UE BW. The complexity of such additional blind detections is proportional to the density of SS raster entries for 480(960) kHz SSB in frequency domain; nevertheless is not negligible. 
Furthermore, during initial access, UE buffers a 20 ms (default SSB periodicity) of the signal around the SS raster entries and tries to find the SSB within the buffered duration where the number of required time samples per unit of time to detect SSB is proportional to the SSB SCS. Therefore, the buffer size and the sampling rate for the blind detection of 480(960) kHz SSB is 4(8) times of those of 120 kHz SSB. 
Observation 7: The use of the additional 480(960) kHz SSB SCS for initial access results in an additional number of blind SSB detections in frequency domain and requires a larger buffer size and a higher sampling rate.
Initial access latency using higher SSB SCS
In general, a main motivation of supporting higher SCSs is the latency reduction. However, the use of the higher 480(960) kHz SSB SCS for initial access results in an additional complexity with respect to the number of blind SSB detections, buffer size and sampling rate without providing any reduction in the initial access latency. In fact, although SSB burst with a higher SCS has a shorter length in general, this does not translate into a smaller initial access latency. As discussed above, during initial access, regardless of the SSB SCS, UE buffers a 20 ms (default SSB periodicity) of the signal around the SS raster entries and tries to find the SSB within the buffered duration. Moreover, the initial access latency also includes higher layer latencies that are also independent from the used SCS.
Observation 8: The use of the additional 480(960) kHz SSB SCS for initial access does not reduce the initial access latency.
CORESET#0 BW associated with 480(960) kHz SSB
As agreed in RAN1 104-e, if 480(960) kHz SSB is supported for initial access, CORESET#0 with the same SCS as that of the agreed SSB should also be supported. In RAN1 LS to RAN4 [4], the identified options for the minimum channel BW for 480 kHz SCS are 200 MHz and 400 MHz and for 960 kHz SCS are 400 MHz, 800 MHz, and the same value as the maximum channel bandwidth. If RAN4 decides that the minimum channel BW is 200(400) MHz for 480(960) kHz SCS, then 48 PRB CORESET#0 cannot be supported for 480(960) kHz SCS and UE needs to restrict itself to support 24 PRB CORESET#0 for these SCSs. This, in turn, can impose a substantial restriction on Type0-PDCCH coverage.
Observation 9: If 480(960) kHz SSB SCS is supported for initial access, depending on decision regarding the minimum channel BW in RAN4, CORESET#0 BW may have to be restricted to 24 PRBs; imposing a substantial restriction on Type0-PDCCH coverage.
SSB coverage
SSBs with higher SCSs have a lower coverage as well-documented during SI and in TR 38.808. As a side effect, if a higher SCS is used, more actually-transmitted SSB beams may be required to provide the same level of coverage as that of the 120 kHz SSB.
Observation 10: SSBs with 480/960 kHz SCS have lower coverage than SSBs with 120 kHz SCS as documented in TR 38.808.
BWP switching issue
Some companies proposed to support SSBs with 480(960) kHz SCS to avoid BWP switching. In our view, such justification to support SSBs with larger SCSs is not well-founded.
 Initial BWP SCS
We believe that all signals and channels during initial access should be in 120 kHz SCS: Higher numerologies main usage is to support higher data rates that are anyway non-achievable during initial access. Also, as a high MCS is not typically used during initial access, the effect of phase noise in 120 kHz SCS is negligible. As such, there is no need to change the operating SCS or BWP during initial access.
Observation 11: There is no need to change the BWP during initial access operations. All operations during initial access can be done in 120 kHz SCS as it is not required to support higher data rates/MCSs. 
 BWP switching after initial access
After initial access using 120 kHz SCS, UE may receive a DCI command to switch its BWP to a BWP with 480(960) kHz SCS to support high data rates using a large carrier bandwidth. However, note that:
· A main reason for BWP switching after initial access is to have a larger active BWP than the initial BWP in the frequency domain rather than the need to change the numerology (e.g., from 120 kHz to 480(960) kHz). Therefore, operating in initial BWP with a 480(960) kHz SCS does not prevent the need for BWP switching after initial access.

· Switching a BWP with one SCS to another BWP with the same or another SCS is already supported in Rel-15/16. The BWP switching delay is provided in Table 8.6.2-1of TS 38.133 and is brought below. The absolute time of BWP switching delay is more or less the same for all supported SCSs in FR2. For instance, BWP switching delay for Type 1 when both BWPs before and after switch have the same SCS, is 1 ms, 1 ms, 0.75 ms, 0.75 ms for mu=0, 1, 2, 3, respectively. Also, if the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch. However, as the absolute BWP switching delay for all supported SCSs is more or less the same, essentially, the latency of switching from a BWP with a lower SCS1 to a BWP with a higher SCS2 is more or less the same as the latency of switching from one BWP to another BWP with the same SCS2. We do not see any reason that above observations made for BWP switching delay would be different for new SCSs mu=5, 6.
38.133 Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the smaller SCS between the SCS before BWP switch and the SCS after BWP switch.



Observation 12: Even if initial BWP with a 480(960) kHz SCS is supported, it does not prevent the need for BWP switching after initial access to support a larger data rate in a single carrier.
Observation 13: Based on the current BWP switch delay values in 38.133, the absolute time for BWP switch delay from a lower SCS1 to a higher SCS2 is more or less the same as the absolute time for switch delay from one BWP to another BWP with the same SCS2.
 BWP switching and SSB measurement
There has been some arguments that if a neighboring cell SSB has a SCS different from that of the UE’s active BWP, UE needs to switch its BWP when measuring the SSB. This argument was then used to motivate the support for 480(960) kHz SSB to avoid BWP switch when UE’s active BWP has the 480(960) kHz SCS. This is however not a correct argument. UE does not need to switch its active BWP when measuring a neighboring cell SSB irrespective to whether the SSB SCS is the same as or different from that of the active BWP. As discussed earlier, in general, depending on whether SSB measurement is intra-frequency measurement or inter-frequency measurement, only a measurement gap is required or scheduling restrictions apply, respectively.  
Observation 14: UE does not need to switch its active BWP when measuring a neighboring cell SSB irrespective to whether the SSB SCS is the same as or different from that of the active BWP. In general, depending on whether SSB measurement is intra-frequency measurement or inter-frequency measurement, only a measurement gap is required or scheduling restrictions apply, respectively.  
Further, and as a reference, we have brought below the definition of intra-frequency measurement from 38.133 below which shows that whether a SSB based measurement is considered an intra-frequency measurement or inter-frequency measurement depends on the location and the SCS of the target SSB relative to the location and SCS of the SSB of the serving cell rather than the SCS of the active BWP. 
	SSB based intra-frequency measurement from 38.133
A measurement is defined as a SSB based intra-frequency measurement provided the centre frequency of the SSB of the serving cell indicated for measurement and the centre frequency of the SSB of the neighbour cell are the same, and the subcarrier spacing of the two SSBs are also the same.



Observation 15: Whether a SSB based measurement is considered an intra-frequency measurement or inter-frequency measurement depends on the location and the SCS of the measured SSB relative to the location and SCS of the SSB of the serving cell rather than the SCS of the active BWP.
The use of CSI-RS with 480(960) kHz SCS for measurement purposes
As discussed earlier, when UE operates on a BWP with 480(960) kHz SCS and is configured to perform a measurement on a SSB with 120 kHz SCS, UE does not need to switch its BWP. In general, depending on whether SSB measurement is intra-frequency measurement or inter-frequency measurement, only a measurement gap is required or scheduling restrictions apply, respectively. Further, what determines whether a SSB based measurement is an intra-frequency measurement or an inter-frequency measurement is the location and the SCS of the target SSB relative to the location and SCS of the SSB of the serving cell rather than the SCS of the active BWP. Therefore, we do not see any particular disadvantage of using SSB with 120 kHz for measurements compared to SSB with 480(960) kHz SCS when the SCS of UE’s active BWP is 480(960) kHz: In neither of the cases BWP switch is required and in both cases a measurement gap/scheduling restrictions apply. 
With all that said, if, for some reason, the use of two different SCSs for measurements and communications is still of a concern, in most cases, it is possible to use CSI-RS with the same 480(960) kHz SCS as that of the active BWP instead of SSB with 120 kHz SCS for measurement purposes. The rest of this subsection further clarify this matter. 
 Measurements on serving cells
For all measurements performed on the serving cells including RLM, BFD, or CSI, CSI-RS and not SSB is the main measured reference signal. CSI-RS is configurable with a lot of flexibility and can provide a more accurate measurement than the bandwidth-limited SSB. Therefore, CSI-RS with the same SCS as that of the active BWP can always be configured and used for measurements on serving cells.
Observation 16: CSI-RS with the same SCS as that of the active BWP can always be used for measurements on serving cells (spcells and scells). This includes RLM, BFD, or CSI measurements.
 RRM measurements on neighboring cells
The most important application of SSB for the purpose of measurement is RRM measurement on neighboring cells. However, as discussed earlier, in FR2, measurement gaps or scheduling restrictions are practically always required for SSB based RRM measurements regardless of the SCS of the measured SSB and the SCS of the active BWP. In FR2, the need for scheduling restriction or measurement gap is independent from whether the measured SSB for RRM purposes has the same SCS as or a different SCS from that of the active BWP.
Observation 17: For RRM measurement for FR2, the need for scheduling restriction or measurement gap is independent from whether the measured SSB has the same SCS as or a different SCS from that of the active BWP.
Apart from the above fact which should already alleviate the concern of having RRM measurement and active BWP in two different SCSs, note that RRM measurement on neighboring cells can be alternatively performed on the CSI-RS that is configured with the same SCS (480/960 kHz) as that of the active BWP. However, some companies raised concerns regarding the use of CSI-RS for RRM from different angles. Below, we try to address these concerns:
Concern A) Timing of neighboring cell CSI-RS depends on the timing of the neighboring cell SSB. 
One argument is that the timing of CSI-RS of the neighboring cell may depend on the timing of the SSB of that neighboring cell. Therefore, CSI-RS for RRM measurement of a neighboring cell cannot be carried out without the SSB detection of that cell. To address this concern, we have provided Figure 1 which shows the procedure for deriving the timing for CSI-RS for RRM. As can be observed, if associatedSSB is not configured, then the UE derives the timing of the CSI-RS for RRM from the timing of an indicated serving cell if refServCellIndex is indicated or the timing of the Pcell if refServCellIndex is not indicated. In turn, if associatedSSB is configured, UE may use the timing of the neighboring cell that corresponds to the associated SSB. 
[image: ]
[bookmark: _Ref68109470]Figure 1: Procedure for deriving the timing of CSI-RS for RRM

However, according to 38.133, the field deriveSSB_IndexFromCell is always enabled for FR2. Field description of deriveSSB_IndexFromCell from MeasObjectNR in 38.331 is provided below. As can be observed from the field description, if the UE is configured with a serving cell that is on the same frequency layer as the neighboring cell that corresponds to the associated SSB, the timing of the neighboring cell and, hence, the timing of the CSI-RS for RRM is derived from the timing of the serving cell. 
	deriveSSB-IndexFromCell
If this field is set to true, UE assumes SFN and frame boundary alignment across cells on the same frequency carrier as specified in TS 38.133 [14]. Hence, if the UE is configured with a serving cell for which (absoluteFrequencySSB, subcarrierSpacing) in ServingCellConfigCommon is equal to (ssbFrequency, ssbSubcarrierSpacing) in this MeasObjectNR, this field indicates whether the UE can utilize the timing of this serving cell to derive the index of SS block transmitted by neighbor cell. Otherwise, this field indicates whether the UE may use the timing of any detected cell on that target frequency to derive the SSB index of all neighbor cells on that frequency.



In summary, in FR2, the only scenario in which the timing of the CSI-RS for RRM may need to be derived from the timing of the corresponding neighboring cell is when 1) associated SSB is configured for CSI-RS; and 2) no serving cell is configured on the same frequency layer as that of the neighboring cell which corresponds to the associated SSB. To the best of our knowledge, even in such a case, most deployments assume a tight synchronization between the inter-frequency neighboring cells with the Pcell; relieving the UE to derive the timing of CSI-RS for RRM directly from SSBs of the neighboring cells.
Observation 18: In theory, the only scenario in which the timing of the CSI-RS for RRM may need to be derived from the timing of the corresponding neighboring cell in FR2 is when the following two conditions jointly hold:
1) associated SSB is configured for CSI-RS; 
2) No serving cell is configured on the same frequency layer as that of the neighboring cell which corresponds to the associated SSB. 
In practice, even when both above conditions hold, most deployments assume a tight synchronization between the inter-frequency neighboring cells and the Pcell; relieving the UE to derive the timing of CSI-RS for RRM directly from the SSBs of the neighboring cells.
Irrespective to above observation, even in a hypothetical scenario where the timing of CSI-RS for RRM needs to be directly obtained from the timing of the corresponding neighboring cell, according to the current specifications, the configured associated SSB does not need to have the same SCS as that of CSI-RS for RRM. Therefore, CSI-RS for RRM can be in 480(960) kHz SCS while the associated SSB can be in 120 kHz SCS. Even for such a hypothetical scenario, some companies raised the concern that the timing accuracy that is obtained from a SSB with 120 kHz SCS may not be enough to detect CSI-RS that is configured in 480(960) kHz SCS. We believe that such an argument is not well-founded due to the following reasons:
1) The time resolution of 120 kHz SSB is 34ns while the CP of the 960 kHz is 73 ns. Therefore, it is feasible to obtain the timing of 960 kHz RRM CSI-RS from the timing of 120 kHz SSB.
2) Although a misaligned timing for data may result in ISI and unacceptable BLER (which, in any case, we believe finding the timing using 120 kHz SSB SCS along with possible fine tuning using TRS with 960 kHz SCS would prevent such an ISI for 960 kHz SCS data), a different level of misalignment in the timing of RRM CSI-RS is tolerable as long as RAN4 CSI-RSRP/CSI-RSRQ related side conditions are met. In particular, there is no requirement set by RAN4 for the timing accuracy of CSI-RS for RRM measurement. 
Observation 19: In a hypothetical scenario where the timing of CSI-RS for RRM needs to be directly obtained from the timing of the corresponding neighboring cell, according to the current specifications, the configured associated SSB does not need to have the same SCS as that of CSI-RS for RRM. Therefore, CSI-RS for RRM can be in 480/960 kHz SCS while the associated SSB can be in 120 kHz SCS.
Observation 20: SSB with 120 kHz SCS provides enough timing resolution to detect a CSI-RS for RRM with 480/960 kHz SCS. Any possible residual timing misalignment is tolerable as long as RAN4 CSI-RSRP/CSI-RSRQ related side conditions are met. RAN4 has not set any requirement for the timing accuracy of CSI-RS for RRM.
Concern B) CSI-RS for RRM measurement is optional
It has been argued that CSI-RS based RRM measurement is optional and cannot replace mandatory SSB-based RRM measurement. This is in principle correct. However, we should take into account that the support for 480(960) kHz SSB would also be optional for above 52.6 GHz. In fact, the only RRM measurement that should be supported according to WID is the RRM measurement based on 120 kHz SSB. Therefore, if UE does not support CSI-RS based RRM measurement, RRM measurement on 120 kHz SSB is always available. As we discussed in previous subsections, RRM measurement on 120 kHz SSB when the SCS of the UE’s active BWP is different from 120 kHz is completely feasible.
Observation 21: Both CSI-RS based RRM measurement and the support for 480(960) kHz SSB are optional. The only RRM measurement that should be supported according to WID is the RRM measurement based on 120 kHz SSB.
Concern C) Idle UE may not be able to detect CSI-RS for RRM
In fact, at least until Rel-16, CSI-RSRP, CSI-RSRQ, and CSI-SINR are all defined for a RRC-Connected UE. An Idle UE RRM measurement is restricted to the SSB-based measurements. However, we do not see any reason to have an idle UE measure 480(960) kHz SSB instead of a 120 kHz SSB for RRM purposes. Higher SCSs are optionally supported for data channels to facilitate higher data rates in larger carrier bandwidths. This is certainly not a concern for an idle UE. Further, there is no “active BWP” defined for an idle UE in the first place so the issue of SSB measurement with a different SCS than that of the active BWP is not present.  
Observation 22: There is no reason for an idle UE to measure 480(960) kHz SSB instead of 120 kHz SSB for RRM purposes.
Synchronization accuracy
At has been argued that SSBs with 480(960) kHz SCS should be supported since the achievable timing accuracy from SSB with 120 kHz SCS may not be enough for data reception/transmission in 480(960) kHz SCS. We do not believe that such an argument is justified at least due to the following reasons:
1) The achievable DL timing accuracy of SSB with 120 kHz SCS is around 34 ns which is considerably below the 146(73) ns CP of 480(960) kHz SCS that may be used in the connected mode for data transmission. As such, the timing accuracy obtained using 120 kHz SSB should be enough for an operation in 480(960) kHz. 
2) Combination of 15 kHz SSB and 60 kHz BWP is already supported in FR1. Keeping the same 1:4 ratio, we do not see why 120 kHz SSB cannot provide enough timing accuracy at least for 480 kHz BWP. 
Observation 23: As the achievable timing accuracy of SSB with 120 kHz SCS is considerably lower than the CP of 480(960) kHz SCS, the timing accuracy obtained using 120 kHz SSB should be enough for an operation in 480(960) kHz.
Although we do believe that SSB with 120 kHz SCS is enough for supporting data communication in 480/960 kHz SCS, extending the support of SSB with 240 kHz SCS to above 52.6 GHz spectrum could also be discussed in RAN1 104b-e. Moreover, even in a hypothetical scenario where the achievable DL timing accuracy of 120 kHz SSB would not be enough for an operation in 480(960) kHz SCS, fine tuning of timing is readily possible using TRS with the same SCS as that of the active BWP.
Observation 24: Even in a hypothetical scenario where the achievable DL timing accuracy of 120 kHz SSB would not be enough for an operation in 480(960) kHz SCS, fine tuning of timing is readily possible using TRS with the same SCS as that of the active BWP.
Some concerns were raised regarding the use of 480(960) kHz TRS for fine tuning of the timing obtained from a 120 kHz SSB in RAN1 104-e. We address these concerns in the following lines:
Concern A) TRS for fine-tuning of the timing can only be used after RRC connection
This is correct that TRS is configured in RRC and may not be used during initial access. However, as discussed before, all operations during initial access can be done in 120 kHz SCS anyway and there is no real reason to use 480(960) kHz SCSs during initial access. Therefore, the use of TRS for fine-tuning of the timing that is obtained using 120 kHz SSB is irrelevant for initial access. 
Observation 25: During initial access, as all operations should be carried out in 120 kHz SCS, there is no need to use TRS to fine tune the timing that is obtained using a 120 kHz SSB. 
Concern B) TRS for fine-tuning of the timing may result in two PDSCHs with two different SCSs on the same cell
It has been argued that, for an operation with 480/960 kHz SCS after RRC connection, UE has to receive RRC configuration for TRS in order to fine-tune the timing that is obtained from 120 kHz SSB. However, the SCS of PDSCH that carries such RRC configuration needs to be in 120 kHz because PDSCH with 480(960) kHz SCS could not be decoded without the fine time tuning that is only attained after detecting TRS. Therefore, we will end up with two types of PDSCHs: One with 120 kHz SCS and another with 480(960) kHz SCS. 
The answer to the above concern is that, even in a hypothetical scenario where 1) The timing achieved from SSB with 120 kHz SCS needs to be tuned using TRS with 480(960) kHz SCS; and 2) the timing is so poor that the configuring PDSCH with 480(960) kHz SCS cannot be decoded and the TRS needs to be configured with a 120 kHz PDSCH, still there is no need to have two PDSCHs with two different SCSs on the same cell. UE can be configured with a PCell where all signals/channels use a 120 kHz SCS and a Scell where PDSCH and TRS are in 480(960) kHz and the TRS of Scell can be configured using the 120 kHz PDSCH that carries RRC configurations in PCell. The timing of Scell can be obtained using the 120 kHz SSB on the PCell (or Scell) and, if need be, further fine-tuned using the 480(960) kHz TRS of the Scell.
Observation 26: Scell and Pcell operations can be carried out on 480(960) kHz and 120 kHz SCS, respectively. If necessary, TRS with 480(960) kHz SCS used for time fine-tuning on Scell can be configured using PDSCH with 120 kHz SCS on Pcell; avoiding PDSCH with two different SCSs on Scell.
SSB and CORESET#0 with different SCSs
It has been argued that if SSBs with 480(960) kHz SCS are not supported, we need to specify SSB and CORESET#0 multiplexing patterns with {SSB SCS, CORESET#0 SCS} = {120, 480} kHz or/and {120, 960} kHz. This may require large specification efforts which includes specifying a large range for . We do not find this argument justifiable. First, as discussed earlier, all operations during initial access can be in 120 kHz SCS and there is no need to define CORESET#0 SCS other than 120 kHz when only SSB with 120 kHz SCS is supported. Moreover, {SSB SCS, CORESET#0 SCS} = {120, 120} kHz is already supported and we have not witnessed a substantial support for multiplexing SSB and CORESET#0 with mixed numerologies in RAN1 104-e. 
Observation 27: If only SSB with 120 kHz SCS is supported, it only needs to be multiplexed with a CORESET#0 with 120 kHz SCS. There is no need to specify {SSB SCS, CORESET#0 SCS} = {120, 480(960)} kHz and, therefore,  can still be indicated using 4 bits as in the legacy FR2. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Based on all the above observations and discussions, we believe that the challenges and implications of supporting SCS other than 120 kHz for SSB clearly outweigh their potential benefit. Moreover, based on the above discussions, 120 kHz SCS for SSB allows maximizing coverage, minimizing bandwidth during initial access, and offers the same performance as larger SCSs during and after initial access. Therefore, we propose
Proposal 1: SCSs other than 120 kHz are not supported for SSB.
Since Case D SSB pattern is already supported for 120 kHz SCS, we suggest to reuse case D for both licensed and shared spectrum to reduce the specification effort.
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]Proposal 2: Reuse SSB pattern case D for 120 kHz SCS for both operations with and without shared spectrum channel access.
[bookmark: OLE_LINK17]Discovery burst transmission window
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK120][bookmark: OLE_LINK121]The following agreement was made in RAN1#104-e regarding discovery burst (DB) and discovery burst transmission window (DBTW). 
	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
· [bookmark: OLE_LINK74][bookmark: OLE_LINK75]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



In Rel-16 NR-U, DB was defined in 37.213 to allow channel access procedures to be specified for a group of signals, instead of for each signal individually. DB in Rel-16 NR include SSB (which contains PSS, SSS, PBCH, and DMRS for PBCH) and may also include CORESET#0, PDSCH carrying SIB1, and non-zero power CSI-RS. Since SSB, CORESET#0 and PDSCH carrying SIB1 are all essential for initial access, it makes sense that they follow the same channel access procedure in Rel-17 NR-U. This can be accomplished by defining the concept of DB as in Rel-16 NR-U that can contain SSB, CORESET#0 and PDSCH carrying SIB1. Further, similar to Rel-16 NR-U, the defined DB in Rel-17 NR-U can include non-zero power CSI-RS to facilitate RRM and RLM/RLF measurements. 
[bookmark: OLE_LINK114][bookmark: OLE_LINK92]During initial access, UE determines the SSB index from the DMRS sequence of PBCH and PBCH payload in FR2 and half frame indicator from PBCH. This information along with the pre-defined location of each SSB index within the half frame enables UE to determine the radio frame boundary. The corresponding system frame number (SFN) is also obtained from the PBCH payload. In unlicensed operation, the transmission of SSBs in some candidate locations may be dropped due to a LBT failure. This increases the UE initial access latency if there is no more opportunity to transmit the dropped SSB within a DB transmission window (DBTW). Therefore, to facilitate transmitting the dropped SSBs due to LBT failure, we propose to reuse the DBTW defined in Rel-16 NR-U in Rel-17.
Proposal 3: Support discovery burst and discovery burst transmission window for operations in shared spectrum in 52.6GHz to 71GHz. Discovery burst includes SSB, CORESET#0, PDSCH carrying RMSI and non-zero power CSI-RS.
It has been agreed in RAN1 104-e that, if DBTW is supported, mechanisms to indicate or inform that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs should also be supported. In fact, an implicit indication can be easily provided by comparing the maximum number of transmitted SSB indexes  with the DBTW length: 

If DBTW length is equal to or smaller than the time duration from the beginning of the half frame (which is the beginning of the slot containing the candidate SSB index 0) to the end of slot containing the candidate SSB index -1, it means that if SSBs with candidate SSB indexes 0,…, -1 are not transmitted due to a LBT failure, there is no second opportunity to transmit these SSBs within DBTW, or, equivalently, DBTW is disabled. In turn, if DBTW length is larger than the time duration from the beginning of the half frame to the end of the slot containing the candidate SSB index -1, it means that if SSBs with candidate SSB indexes 0,…, -1 are not transmitted due to a LBT failure, there is still opportunities to transmit at least some of these SSBs within DBTW, or, equivalently, DBTW is enabled.
As an example, we have considered the applicable DBTWs and  for SSB pattern case D for 120 kHz in Table 1. In Case D, the minimum number of slots that include the candidate SSB indexes 0,…, -1, for 8, 16, 28, 32, 40, 52, 64 is 4, 8, 16, 20, 24, 32, and 40 slots, respectively. As such, for instance, if = 32 and DBTW length is configured as 4, 8, 16, 20 slots, it is implicitly indicated that DBTW is disabled while if DBTW is configured as 24, 32, 40, it is implicitly indicated that DBTW is enabled.  
[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Table 1  values and the corresponding DBTW values (slots) 
	Candidate DBTW values when DBTW is enabled
	Candidate DBTW values when DBTW is disabled
	 

	40, 32, 24, 20, 16, 8
	4
	8

	40, 32, 24, 20, 16
	8, 4
	16

	40, 32, 24, 20
	16, 8, 4
	28

	40, 32, 24
	20, 16, 8, 4
	32

	40, 32
	24, 20, 16, 8, 4
	40

	40
	32, 24, 20, 16, 8, 4
	52

	--
	40, 32, 24, 20, 16, 8, 4
	64


[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK170][bookmark: OLE_LINK179]
Note that both  and DBTW size are available to the UE at the latest upon decoding SIB1. Therefore, the above method to implicitly indicate whether DBTW is enabled or disabled is applicable to both Idle and Connected UEs. 
Proposal 4: Use the following method to implicitly indicate that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs:
· If DBTW length is equal to or smaller than the time duration from the beginning of the half frame to the end of the slot containing the candidate SSB index -1, DBTW is disabled.
· If DBTW length is larger than the time duration from the beginning of the half frame to the end of the slot containing the candidate SSB index -1, DBTW is enabled.
In Rel-16, only two bits are required to indicate . However, in Rel-17 NR-U, as the maximum for  is 64, 2 bits to indicate may not be enough. Following above example in Table 1, we propose to use 3 bits to indicate candidate values of   The corresponding supported DBTW lengths will then be {40, 32, 24, 20, 16, 8, 4} slots, or, equivalently, {5, 4, 3, 2.5, 2, 1, 0.5} ms. 
[bookmark: OLE_LINK11]In Rel-16 NR-U, to indicate the 2-bit , one bit was borrowed from subCarrierSpacingCommon and the other bit was borrowed from the LSB of ssb-SubcarrierOffset in MIB. In Rel-17 NR-U, the same two bits can still be borrowed from subCarrierSpacingCommon and ssb-SubcarrierOffset: CORESET#0 SCS and SSB SCS should be the same and, similar to Rel-16 NR-U, SSB offset to the common RB may be limited to only even number of subcarriers. However, still a third bit is required to indicate  in Rel-17 NR-U. This bit can be borrowed from searchSpaceZero in pdcch-ConfigSIB1 in MIB. The length of searchSpaceZero is 4 bits. However, for {SSB SCS, CORESET#0 SCS} = {120, 120} kHz with multiplexing pattern 3, Type0-PDCCH monitoring occasion is aligned with the first symbol of SSB within the slot, and only one bit is used to indicate the monitoring occasion index. In turn, for {SSB SCS, CORESET#0 SCS} = {120, 120} kHz with multiplexing pattern 1, all 4 bits are used as 14 Type0-PDCCH monitoring occasion indexes are applicable in Rel-16. However, we do not see all of the indicated Type0-PDCCH monitoring occasion indexes corresponding to useful as the larger values of  result in a large delay between the SSB and the corresponding Type0-PDCCH monitoring occasion. To reduce the latency during the system information acquisition, it is beneficial that the monitoring occasion of Type0-PDCCH CSS is ideally in the same slot as the associated SSB. This would be possible if  is indicated. Even if Type0-PDCCH monitoring occasion indexes corresponding to are applicable in Rel-17 NR-U, the total number of applicable Type0-PDCCH monitoring occasion indexes would be equal to 7 (which requires 3 bits); facilitating the use of one bit of searchSpaceZero for indicating . As such, we propose:
[bookmark: OLE_LINK14][bookmark: OLE_LINK18]Proposal 5: Three bits are used to indicate  in shared spectrum in 52.6GHz to 71GHz: One bit from subCarrierSpacingCommon in MIB, One bit from ssb-SubcarrierOffset in MIB, and one bit from searchSpaceZero in pdcch-ConfigSIB1 in MIB.
Proposal 6: DBTW with values {0.5ms, 1ms, 2ms, 2.5ms, 3ms, 4ms, 5ms} is supported in shared spectrum in 52.6GHz to 71GHz and is configured in ServingCellConfigCommonSIB.

[bookmark: _Ref61258122]SSB/CORESET0 Multiplexing design
[bookmark: OLE_LINK10][bookmark: OLE_LINK24]In RAN1#104-e, we made the following agreement about CORESET#0 multiplexing pattern.
	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
· [bookmark: OLE_LINK130][bookmark: OLE_LINK131]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)


CORESET#0 configuration
[bookmark: OLE_LINK52][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK27][bookmark: OLE_LINK28]As discussed in subsection 2.1, we do not see any benefit to support SCSs other than 120 kHz for SSB or other signals/channels used during initial access. {SSB, CORESET#0} SCS equal to {120, 120} kHz is already specified in Rel-16 and supported in RAN1 104-e. Support for any other combination of {SSB, CORESET#0} SCS does not provide any technical benefit and entails a substantial standardization effort.
[bookmark: OLE_LINK53] Proposal 7: Support only {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz in 52.6GHz to 71GHz spectrum.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK48][bookmark: OLE_LINK49]In Rel-15/16 FR2, Type0-PDCCH was configured with 24 PRB or 48 PRB for 120 kHz SCS. In our view, both options for CORESET#0 can also be reused in 52.6GHz to 71GHz spectrum. For operation in a shared spectrum, both maximum transmission power limit and power spectrum density limit should be observed and to make full use of the transmit power, the CORESET#0 with 96 PRB should also be considered. CORESET#0 with 96 PRB allows gNB to transmit a PDCCH with the aggregation level of 16; occupying 138.24 MHz bandwidth in 120 kHz SCS. Such a CORESET#0 bandwidth can be supported if the minimum bandwidth of 200 MHz for 120 kHz SCS is supported in 52.6GHz to 71GHz spectrum. It should be noted that 96 PRB for CORESET#0 had been discussed in Rel-15 but was not adopted because of the limited available bandwidth at that time. 
[bookmark: OLE_LINK171][bookmark: OLE_LINK180]Proposal 8: CORESET#0 with 96 PRB can be configured to make full use of allowed transmit power at least for operations in shared spectrum.
CORESET#0 RB offset
[bookmark: OLE_LINK96][bookmark: OLE_LINK93][bookmark: OLE_LINK94]In Rel-15/Rel-16, each CORESET#0 configuration index is associated with a RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the corresponding SSB. In RAN1 104-e, the supported RB offset for {SSB, CORESET#0} = {120, 120} kHz remained FFS. For CORESET#0 with 24 RBs and 48 RBs, the RB offset defined in Rel-15/Rel-16 FR2 can be inherited without any modification. However, new RB offsets should be defined for CORESET#0 with 96 RB BW. Since only multiplexing patterns 1 and 3 are applicable to {SSB, CORESET#0} ={120, 120} kHz, we only consider pattern 1 and pattern 3 when discussing the RB offset for 96 RB CORESET#0 in the following lines.
[bookmark: OLE_LINK113][bookmark: OLE_LINK118][bookmark: OLE_LINK119][bookmark: OLE_LINK122]For pattern 1, one configuration is to place the SSB in the middle of CORESET#0 by specifying the RB offset equal to 38 RBs as in the left subfigure of Figure 2. Placing SSB in the middle of CORESET#0 in the frequency domain is already supported in Rel-15/16 for 48 RB CORESET#0 and multiplexing pattern 1 in {SSB, CORESET#0} ={120, 120} kHz (See 38.213, Table 13-8, configuration indexes 2, 3). Other configurations are to align the lowest (highest) RB of SSB with the lowest (highest) RB of CORESET#0 by specifying the RB offset equal to 0 (76) RBs as in the middle (right) subfigure of Figure 2. Aligning SSB with the two extremities of CORESET#0 in the frequency domain frees up more contiguous RBs and allows a more flexible and potentially a larger allocation for PDSCH carrying SIB1. Aligning the lowest (highest) RBs of SSB and CORESET#0 in the frequency domain is already supported in Rel-15/16 for 24 RB CORESET#0 and multiplexing pattern 1 in {SSB, CORESET#0} ={120, 120} kHz (See 38.213, Table 13-8, configuration indexes 0, 1).
[image: ]
Figure 2 RB-level offset configuration

For pattern 3, similar RB offset values as in Rel-15/16 can be used to place CORESET#0 immediately on top of SSB in the frequency domain: -20 RBs if   and -21 RBs if  . 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Proposal 9: Support the following CORESET#0 RB offsets values for {SSB, CORESET#0} SCS={120, 120} kHz: 
· 24 RB and 48 RB CORESET#0: the same as supported values in Table 13-8 of 38.213
· 96 RB CORESET#0: 0, 38, 76 RBs for multiplexing pattern 1 and -20 (-21) RBs when  for multiplexing pattern 3. 
Random access design
The following conclusions were made in RAN1 104-e with regards to PRACH.
	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



[bookmark: _Ref61258141][bookmark: OLE_LINK134][bookmark: OLE_LINK135]SCS of PRACH and Msg3
As discussed in section 2.1 and section 3.1, a UE is expected to only use 120 kHz SCS for all DL signals and channels during initial access. Similar to SSB, PRACH with 120 kHz SCS also provides larger maximum coupling loss (MCL) and maximum isotropic loss (MIL) than larger SCS values. Keeping a common numerology between PRACH and other DL/UL signals and channels in initial access simplifies 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 10: For PRACH and Msg3 in initial UL BWP, only 120 kHz should be used in 52.6GHz to 71GHz spectrum.
RACH occasions configuration
[bookmark: OLE_LINK156][bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159]In FR2, RACH occasions (ROs) for 120 kHz are specified in Table 6.3.3.2-4 in 38.211 where consecutive allocation of ROs within a PRACH slot is supported. The same RO configurations can be reused for operations without shared channel access in 52.6GHz to 71GHz spectrum. For operations in shared spectrum, LBT may be performed before the PRACH transmission in each RO. LBT may fail due to, for instance, the PRACH transmission from another UE in a preceding RO and different propagation delays at different UEs. In such a case, the UE has to skip the current RO and send the PRACH in the next available RO; resulting in an increased latency in the random access procedure.
In Rel-16 NR-U, this issue was discussed but no consensus was achieved due to the time limitation. We believe it is beneficial to enhance RO configurations for operations in shared spectrum by taking into consideration the possibility of LBT failure. 
One solution would be to restrict the UE to use either only even or only odd ROs for PRACH transmission. However, this solution may restrict the flexibility of the SSB-RO mapping relationship since the SSBs may only be mapped to the indicated ROs. This would also cause redundant workload for standardization. The second option is to provide a gap symbol between consecutive ROs within the PRACH slot to accommodate LBT. As an illustrative example, Figure 3 shows a configuration supported in Rel-15/16 where 6 ROs each with the duration of 2 OFDM symbols are available within the PRACH slot. 
[image: ]
Figure 3: An RO configuration example in Rel-15/16
Figure 4 shows how the RO configuration in Figure 3 can be modified to accommodate LBT between consecutive ROs.
[image: ]
Figure 4: Modified RO configuration to accommodate LBT between consecutive ROs.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK183]
[bookmark: _Toc53655945][bookmark: _Toc53740281][bookmark: _Toc53740379][bookmark: _Toc53740444][bookmark: _Toc53740509][bookmark: _Toc53740573][bookmark: _Toc53774138]Proposal 11: For operations with shared channel access in 52.6GHz to 71GHz spectrum, a gap symbol between consecutive ROs within the PRACH slot should be supported to avoid a LBT failure at the UE due to a PRACH transmission from another UE in the previous RO.

Conclusions
Observations/Proposals related to SSB subcarrier spacing:
Observation 1: Mixed numerology operation with 120 kHz SCS for SSB and signal and channels used for initial access, and 480 or 960 kHz SCS for control and data signals and channels, is an objective of the WID in RP-210862.
Observation 2: Mixed numerologies can be TDMed to avoid guard bands. If mixed numerologies are required to be FDMed, one or two guard PRBs only on the OFDM symbols with mixed numerologies would be enough. 
Observation 3: Network deployments that solely support the optional 480/960 kHz SCSs can result in fragmentation in above 52.6 GHz spectrum.
Observation 4: Measurement gap/scheduling restriction for RRM measurement is still required in single numerology deployments.
Observation 5: Single numerology operation cannot be flexibly attained per cell or gNB level.
Observation 6: Support for 480(960) kHz SSB SCS entails an insurmountable workload in the three remaining RAN1 e-meetings.
Observation 7: The use of the additional 480(960) kHz SSB SCS for initial access results in an additional number of blind SSB detections in frequency domain and requires a larger buffer size and a higher sampling rate.
Observation 8: The use of the additional 480(960) kHz SSB SCS for initial access does not reduce the initial access latency.
Observation 9: If 480(960) kHz SSB SCS is supported for initial access, depending on decision regarding the minimum channel BW in RAN4, CORESET#0 BW may have to be restricted to 24 PRBs; imposing a substantial restriction on Type0-PDCCH coverage. 
Observation 10: SSBs with 480/960 kHz SCS have lower coverage than SSBs with 120 kHz SCS as documented in TR 38.808.
Observation 11: There is no need to change the BWP during initial access operations. All operations during initial access can be done in 120 kHz SCS as it is not required to support higher data rates/MCSs. 
Observation 12: Even if initial BWP with a 480(960) kHz SCS is supported, it does not prevent the need for BWP switching after initial access to support a larger data rate in a single carrier.
Observation 13: Based on the current BWP switch delay values in 38.133, the absolute time for BWP switch delay from a lower SCS1 to a higher SCS2 is more or less the same as the absolute time for switch delay from one BWP to another BWP with the same SCS2.
Observation 14: UE does not need to switch its active BWP when measuring a neighboring cell SSB irrespective to whether the SSB SCS is the same as or different from that of the active BWP. In general, depending on whether SSB measurement is intra-frequency measurement or inter-frequency measurement, only a measurement gap is required or scheduling restrictions apply, respectively.  
Observation 15: Whether a SSB based measurement is considered an intra-frequency measurement or inter-frequency measurement depends on the location and the SCS of the measured SSB relative to the location and SCS of the SSB of the serving cell rather than the SCS of the active BWP.
Observation 16: CSI-RS with the same SCS as that of the active BWP can always be used for measurements on serving cells (spcells and scells). This includes RLM, BFD, or CSI measurements.
Observation 17: For RRM measurement for FR2, the need for scheduling restriction or measurement gap is independent from whether the measured SSB has the same SCS as or a different SCS from that of the active BWP.
Observation 18: In theory, the only scenario in which the timing of the CSI-RS for RRM may need to be derived from the timing of the corresponding neighboring cell in FR2 is when the following two conditions jointly hold:
1) associated SSB is configured for CSI-RS; 
2) No serving cell is configured on the same frequency layer as that of the neighboring cell which corresponds to the associated SSB. 
In practice, even when both above conditions hold, most deployments assume a tight synchronization between the inter-frequency neighboring cells and the Pcell; relieving the UE to derive the timing of CSI-RS for RRM directly from the SSBs of the neighboring cells.
Observation 19: In a hypothetical scenario where the timing of CSI-RS for RRM needs to be directly obtained from the timing of the corresponding neighboring cell, according to the current specifications, the configured associated SSB does not need to have the same SCS as that of CSI-RS for RRM. Therefore, CSI-RS for RRM can be in 480/960 kHz SCS while the associated SSB can be in 120 kHz SCS.
Observation 20: SSB with 120 kHz SCS provides enough timing resolution to detect a CSI-RS for RRM with 480/960 kHz SCS. Any possible residual timing misalignment is tolerable as long as RAN4 CSI-RSRP/CSI-RSRQ related side conditions are met. RAN4 has not set any requirement for the timing accuracy of CSI-RS for RRM.
Observation 21: Both CSI-RS based RRM measurement and the support for 480(960) kHz SSB are optional. The only RRM measurement that should be supported according to WID is the RRM measurement based on 120 kHz SSB.
Observation 22: There is no reason for an idle UE to measure 480(960) kHz SSB instead of 120 kHz SSB for RRM purposes.
Observation 23: As the achievable timing accuracy of SSB with 120 kHz SCS is considerably lower than the CP of 480(960) kHz SCS, the timing accuracy obtained using 120 kHz SSB should be enough for an operation in 480(960) kHz.
Observation 24: Even in a hypothetical scenario where the achievable DL timing accuracy of 120 kHz SSB would not be enough for an operation in 480(960) kHz SCS, fine tuning of timing is readily possible using TRS with the same SCS as that of the active BWP.
Observation 25: During initial access, as all operations should be carried out in 120 kHz SCS, there is no need to use TRS to fine tune the timing that is obtained using a 120 kHz SSB. 
Observation 26: Scell and Pcell operations can be carried out on 480(960) kHz and 120 kHz SCS, respectively. If necessary, TRS with 480(960) kHz SCS used for time fine-tuning on Scell can be configured using PDSCH with 120 kHz SCS on Pcell; avoiding PDSCH with two different SCSs on Scell.
Observation 27: If only SSB with 120 kHz SCS is supported, it only needs to be multiplexed with a CORESET#0 with 120 kHz SCS. There is no need to specify {SSB SCS, CORESET#0 SCS} = {120, 480(960)} kHz and, therefore,  can still be indicated using 4 bits as in the legacy FR2. 


Proposal 1: SCSs other than 120 kHz are not supported for SSB.
Proposals related to topics other SSB subcarrier spacing:
Proposal 2: Reuse SSB pattern case D for 120 kHz SCS for both operations with and without shared spectrum channel access.
Proposal 3: Support discovery burst and discovery burst transmission window for operations in shared spectrum in 52.6GHz to 71GHz.  Discovery burst includes SSB, CORESET#0, PDSCH carrying RMSI and non-zero power CSI-RS.
Proposal 4: Use the following method to implicitly indicate that DBTW is enabled/disabled for both IDLE and CONNECTED mode UEs:
· If DBTW length is equal to or smaller than the time duration from the beginning of the half frame to the end of the slot containing the candidate SSB index -1, DBTW is disabled.
· If DBTW length is larger than the time duration from the beginning of the half frame to the end of the slot containing the candidate SSB index -1, DBTW is enabled. 
Proposal 5: Three bits are used to indicate  in shared spectrum in 52.6GHz to 71GHz: One bit from subCarrierSpacingCommon in MIB, One bit from ssb-SubcarrierOffset in MIB, and one bit from searchSpaceZero in pdcch-ConfigSIB1 in MIB.
Proposal 6: DBTW with values {0.5ms, 1ms, 2ms, 2.5ms, 3ms, 4ms, 5ms} is supported in shared spectrum in 52.6GHz to 71GHz and is configured in ServingCellConfigCommonSIB.
Proposal 7: Support only {SS/PBCH Block, CORESET#0 for Type0-PDCCH} SCS equal to {120, 120} kHz in 52.6GHz to 71GHz spectrum.
Proposal 8: CORESET#0 with 96 PRB can be configured to make full use of allowed transmit power at least for operations in shared spectrum.
	Proposal 9: Support the following CORESET#0 RB offsets values for {SSB, CORESET#0} 	SCS={120, 120} kHz: 
· 24 RB and 48 RB CORESET#0: the same as supported values in Table 13-8 of 38.213
· [bookmark: _GoBack]96 RB CORESET#0: 0, 38, 76 RBs for multiplexing pattern 1 and -20 (-21) RBs when  for multiplexing pattern 3. 
Proposal 10: For PRACH and Msg3 in initial UL BWP, only 120 kHz should be used in 52.6GHz to 71GHz spectrum.
Proposal 11: For operations with shared channel access in 52.6GHz to 71GHz spectrum, a gap symbol between consecutive ROs within the PRACH slot should be supported to avoid a LBT failure at the UE due to a PRACH transmission from another UE in the previous RO.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[1] [bookmark: OLE_LINK160][bookmark: OLE_LINK161]R1-2100202, “Channel access mechanism for 60 GHz unlicensed operation” Huawei, HiSilicon
[2] [bookmark: _Ref68273696]RP-210465, “Discussion on Updates to WID for extending current NR operation to 71 GHz” Intel Corporation
[3] [bookmark: _Ref68275044]R1-2102202, “LS on beam switching gap for 60 GHz band” RAN1
[4] [bookmark: _Ref68275079]R1-2102128, “LS on the maximum/minimum channel bandwidth and channelization for NR operation in 52.6 to 71 GHz” RAN1
image3.png
76RB

in one side
3-b-2

3-b-1

in one side

38RB

3-a

in the middle





image4.png
¢—————————————one PRACH slot——————|

RO#1 [ pouy | RO#3 | Ro#4 | poss | RO#6




image5.png
j¢——————————one PRACH slot———————|

]
o

RO#1

e e

RO#2

RO#3

o
=1 Ro#s

Lot

RO#5




image1.wmf
m


image2.png
associatedSSB
configured?

TefServCelllndex
configured?

'UE may use the timing of the cell
indicated by cell/d. This is the cell
that includes associated SSB.

deriveSSB_IndexFromCell is
always enabled for FR2.

'UE uses the timing of the serving
celindicated by refServCelllndex

‘UE use the timing of PCell





