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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper summarizes open issues on NR-U initial access and mobility for RAN1#99, based on the received contributions [1]-[26] and company inputs to the last FL summary of RAN1#98BIS [27]. 
The issues for broadcast and system information transmissions are discussed in Section 2 first, followed by random access in Section 3 and RLM/mobility management in Section 4. 
· The proposals generated by the feature lead are appended at the end of each subsection. 

At RAN#84, NR-U prioritization endorsed in [28] listed the following issues as essential or optimizations:

Essential
· Timing recovery from SSB
· Cross SSB QCL relationship by Q and A: Which A, how to indicate or determine Q, range of Q, how to determine Q for RRM
· Type0-PDCCH monitoring
· RLM enhancement: IS and OOS 
Optimizations
· Msg1 enhancements with more opportunities in freq domain (over multiple LBT subbands) and time domain
· RRM enhancement including subband level RSSI and channel occupancy measurement

[bookmark: _Ref521949043][bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620]Aspects for broadcast transmissions

 Timing determination
The following agreements on cell timing determination were recorded in RAN1#98 and RAN1#97:
Conclusion:
The maximum number of PBCH DMRS sequences used in a cell is unchanged from Rel-15 (=8).
· The number of PBCH DMRS sequences used in a cell is independent of Q.

Agreement:
The 3 LSB bits of the SSB candidate position index are represented by the PBCH DMRS sequence index.

Agreement:
The following bits of the PBCH payload (not MIB) are used for serving cell timing determination within a frame in addition to the PBCH DMRS sequence index as agreed earlier:
·  for 15 kHz SCS, and   and  for 30 kHz SCS
·  (the half-frame bit as in Rel-15)

Agreement:
The mechanism to determine serving cell timing is as follows: 
· The SS/PBCH block position index within a DRS transmission window is detected using a combination of PBCH DMRS sequence index and 1 bit/2 bits for 15 kHz SCS/30 kHz SCS of the 3 available bits in the PBCH payload (not in MIB) originally used in Rel-15 FR2 for MSB SSB index 
· 10-bits SFN and half-frame indicator are indicated as in Rel-15 
· PBCH payload size is not increased compared to Rel-15
· FFS: Whether reuse of other available bits in PBCH payload is also required for timing determination
· If the UE is required to perform PBCH decoding of neighbor cell(s) (e.g., in asynchronous deployments), an explicit time allowance for acquisition of SSB index is provided to the UE

From RAN1#96:
Agreement:
UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).

Remaining issues:
[image: ]
· Confirm that for the 1 SSB/slot case the gNB may transmit up to 4 different DMRS sequence indexes. The gNB should use the 2 SSb/slot pattern in the case Q = 8 and the gNB wants to transmit more than 4 beams: Nokia, NSB
· [Huaewei,HiSilicon] 8 beams and 1 SSB/slot can be supported by allowing 2nd SSB in a slot associating with type0-PDCCH search space starting from symbol #0. As plotted in the following figure
[image: ]  
Proposal: 
· Confirm whether timing determination in 1 SSB/slot case needs further clarification or optimization
Q Parameter
The following agreements were reached in RAN1#98BIS for SSB QCL derivation:


Agreement:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.
Agreement:
For RRM measurements of a neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency  
Agreement:
· No further down selection is made for set of Q values, i.e., Q = {1,2,4,8} (resolves FFS of prior agreement on Q values)
· UE does not expect to be configured with two Type-0 PDCCH monitoring occasions in a slot with Q=1.
· Note: This does not imply a change in Rel-15 behavior for Type-0 PDCCH monitoring in two consecutive slots.
· Note: This agreement does not imply any changes to Rel-15 PDCCH monitoring requirements on BD/CCE limits per slot
· RAN4 requirements for SSB detection during initial cell search should be defined assuming Q = 8. This assumption does not have any other specification impact.
· Include this agreement in an LS to RAN4 asking them to take this into account. The LS should also provide an overview on the definition of Q.



Indication/determination of Q for serving cell:

· SIB1: Ericsson (MIB indication needs 3 bits), LGE, ZTE, Sanechips
· Two bits can be found in MIB: Qualcomm, Charter Communications, Apple, Xiaomi, Sharp, NTT Docomo, Nokia, NSB, vivo, Huawei, HiSilicon, Sony, Spreadtrum, OPPO, ETRI, Intel, Samsung, Potevio, MediaTek
· subCarrerSpacingCommon: Xiaomi, Sony, ETRI, Apple, OPPO, Samsung, Potevio, Huawei, HiSilicon, Nokia, NSB (but our preference is to use 2 bits in controlResourceSetZero sub-field) 
· Spare bit: Xiaomi, Sony, Apple
· pdcch-ConfigSIB1: Qualcomm (controlResourceSetZero), Xiaomi (2nd preference), Charter Communications, NTT Docomo, ETRI (additional column for Q values added to the table for CORESET#0 configurations), OPPO (2nd preference), Intel (reduce controlResourceSetZero field bit-width from 4 to 2), Sharp (use 1 bit from ControlResourceSetZero), vivo (4 bits indicating Coreset#0 offsets could be spared), Samsung (2 MSB or 1 MSB of controlResourceSetZero), Potevio, Nokia, NSB (2 bits in controlResourceSetZero sub-field), Huawei, HiSilicon, Spreadtrum, MediaTek
·    ssb-SubcarrierOffset: OPPO (1 bit), Huawei, HiSilicon
· Dedicated RRC signaling (e.g., SCell or SCG addition): Ericsson
· Extend the agreement from RAN1#98b on how Q is signaled for RRM measurements for neighbor cells to also include serving cells: Ericsson
· Absence of Q is indicative of that the UE shall apply the Rel-15 method of QCL and timing determination where SS/PBCH blocks do not shift in time: Ericsson




Proposal: 
· Which bits from MIB can potentially be reused for indication of Q:
· If more than four CORESET#0 RB Offset values are required, 2 bits from ssb-SubcarrierOffset
· If no more than four CORESET#0 RB Offset values are required, use ssb-SubcarrierCommon (1 bit) + ControlResourcesetZero (1 bit)
· Else, ControlResourcesetZero (2 bits)

Proposal: 
Extend the agreement on neighbor cell RRM measurements to include the serving cell as follows:
For RRM measurements of a serving or neighbor cell in IDLE, INACTIVE and CONNECTED UE states,
· Support signaling of a common Q value per frequency by broadcast RRC signaling (SIBx) and/or dedicated RRC signaling (measObjectNR) from the serving cell.
· Support signaling from the serving cell of a Q value for a listed neighbour cell. 
· If Q is signaled for a listed cell, it overrides any common Q value per frequency 

Proposal: 
· A serving cell can indicate Q via dedicated RRC signaling (e.g., for SCell or SCG addition).

Type0-PDCCH monitoring:
Summary:
· Type-0 PDCCH CSS set is not monitored outside the DRS transmission window: Sharp
· If Q is not known to a UE
· the UE will perform type0-PDCCH monitoring only within DRS transmission window assuming Q=1 (for one Type0 PDCCH monitoring occasion per slot) or Q=2 (for two Type0 PDCCH monitoring occasions per slot): LGE
· The UE should monitor every allowed Type0 PDCCH CSS monitoring occasion (in the DRS transmission window) that could be (Q unknown) associated with the SS/PBCH block from which the UE determined that a CORESET for Type0-PDCCH CSS set is present: Ericsson
· Extend PDCCH monitoring of a search space associated with CORESET#0 to a set of SS/PBCH block indices that are QCL: Intel
· A UE assumes the periodicity of monitoring PDCCH in the Type0-PDCCH CSS set is the same as the periodicity of SS/PBCH block; the number of slot for monitoring PDCCH in the Type0-PDCCH CSS set is one: Samsung, Spreadtrum
· gNB should transmit SSB and its associated CORESET0 in the same slot: Huawei, HiSi, vivo (1 bit is used to configure Type 0 PDCCH in time domain), Samsung, Spreadtrum


Proposal:
· UE assumes SSB and its associated Type0 PDCCH are confined in the same slot. Type0 PDCCH CSS set is not monitored outside the DRS transmission window.

Proposal (conditional on how Q is indicated):
· If Q is not known, the UE should monitor every feasible Type0 PDCCH CSS monitoring occasion (in the DRS transmission window) that could be associated with the SS/PBCH block from which the UE determined that a CORESET for Type0-PDCCH CSS set is present

[MediaTek] If Q is carried by MIB (or dedicated RRC signaling), what is the case that Q is not known to UE when UE is monitoring Type0 PDCCH?

	
	



Remaining aspects of QCL derivation:
· Calculations for SSB QCL derivation should be switched based on DRS unit size information. For One-slot DRS unit size, QCL is modulo(SSB position index, 2xQ)/2: NTT Docomo

Miscellaneous:
· PBCH within SS/PBCH block can be used to indicate the inclusion of RMSI, OSI and paging in DRS: Huawei, HiSi
· 2-bit indication of a starting SSB of a SSB burst in PBCH of an unlicensed carrier: MotM, Lenovo



DRS Transmission Window Aspects
The following agreements were reached in RAN1#98BIS:
Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms
Agreement:
The ssb-PositionsInBurst IE is configured as in Rel-15 NR
· FFS: Interpretation of the field for NR-U

The company contributions on this sub-topic covered the following issues (some of the proposals were made in previous meetings):

SSB Terminology:
[bookmark: _Toc24104652][bookmark: _Ref23955548]Offline consensus:
· RAN1 recommends the following terminology to be used consistently across RAN1 (and RAN2/RAN4) specifications for operation with shared spectrum channel access:
· “SS/PBCH block index” based on modulo(A, Q) or modulo(Candidate SS/PBCH block index, Q)
· Note: Which index should be applied depends on the specific scenario
· “Candidate SS/PBCH block index” within a DRS transmission window as previously agreed in RAN1

Granularity of start positions of SS burst within the DRS transmission window:
· gNB can initiate transmission of SSB burst from any candidate SSB position that clears DL LBT within the DRS transmission window 
· Support: Qualcomm, MotM, Lenovo (for 15 kHz SCS)
· For 30KHz SCS, SSB candidate positions of every even (or odd) indices are predefined as potential starting positions of the SSB burst
· Support: MotM, Lenovo
Configuration of DRS transmission window duration:

· DRS transmission window duration can be configured with 1, 2, 3, 4 or 5 msec: Samsung, NTT Docomo, vivo
· DRS transmission window length supports 0.5 ms, 1 ms, 2 ms, 4 ms and 5 ms: Sharp
· Only one additional DRS window duration can be configured other than 5 ms: Xiaomi
· For initial cell selection, a UE may assume the DRS transmission window has a duration of a half frame: Spreadtrum, Qualcomm, Ericsson

Offline consensus:
· DRS transmission window duration can be configured as 1, 2, 3, 4, or 5 ms
· FFS: 0.5 ms 
· If the DRS transmission window duration is not known, a UE may assume the DRS transmission window has a duration of 5 ms


Interpretation of ssb-PositionsInBurst IE:

· Same as Rel-15: Potevio, MotM, Lenovo, Xiaomi (for FR1), Spreadtrum (UE can derive the “cyclically shifted” version of the actually transmitted SSBs according to ssb-PostionsInBurst and COT structure), Nokia, NSB (SSB index k within ssb-positionsInBurst = SSB Candidate position index – SSB candidate position index for the first SSB actually transmitted, with 0 ≤ k ≤ 7)
· Bit k in ssb-PositionsInBurst IE indicates the QCLed SSB(s) with same mod(A,Q) = k value: Sharp, Apple, Fujitsu (first Q-bits), OPPO, Intel (first Q-bits), MediaTek (first Q bits), LGE, ZTE, Sanechips, vivo, Samsung (first Q-bits), Huawei, HiSilicon (only indicate candidate position SSB might occupy)
· First Q bits of ssb-PositionsInBurst indicates SSB positions used in the first Q SSB occasions of DRS transmission window, after which the pattern repeats within DRS tx window: Qualcomm, ETRI
· For procedures related to reception or transmission restrictions, ssb-PositionsInBurst indicates candidate SS/PBCH block positions starting at 0 and ending at 7. For candidate SS/PBCH block positions index greater than or equal to 8, the UE assumes the corresponding candidate SS/PBCH block positions not be indicated: Ericsson


Proposal:
· Discuss further if ssb-PositionsInBurst indicates SSB positions across the entire DRS transmission window (with QCL information) or only the first P positions, where P is either Q or 8.


Rate matching of SS/PBCH blocks:
· UE performs rate matching around all candidate SS/PBCH block resources within DRS transmission window: NTT Docomo
· UE performs rate-matching for all of SS/PBCH block candidate position indices QCLed with actually transmitted SS/PBCH block indices that are provided by ssb-PositionsInBurst in RMSI: Apple, LGE, Samsung, Sharp, vivo, ZTE, Sanechips, Potevio
· Bitmap in ssb-PositionInBurst and dynamic signaling in DL DCI are jointly used to determine the exact rate match position of SS/PBCH blocks: Huawei, HiSilicon, OPPO (same principle for ssb-ToMeasure)
· Rel-15 mechanism of dynamically and semi-statically indicating resources not available for PDSCH can be used as a rate matching mechanism for SS/PBCH Blocks: Ericsson
· Bitmap in ssb-PositionInBurst and starting of COT are jointly used to determine the exact rate match position of SS/PBCH blocks: Spreadtrum


Collision handling b/w PDCCH/PUSCH/PUCCH/… and SS/PBCH blocks:
· Bitmap in ssb-PositionInBurst and starting of COT are jointly used to determine the exact rate match position of SS/PBCH blocks: Spreadtrum

Proposal:
•	UE performs rate-matching for all of the SS/PBCH block candidate position indices that are QCLed with actually transmitted SS/PBCH block indices provided by ssb-PositionsInBurst 

Max number of transmitted SSBs X within a DRS burst, SSB shift granularity (including views from previous meetings):
· X = 8
· Support: ETRI, Qualcomm, (Number of actually transmitted SSBs is semi-statically selected),  Potevio (with Cat-4 LBT), Samsung, WILUS, NTT Docomo (Multiple non-contiguous DRS unit transmissions within a DRS transmission window are not allowed), KT Corp, Sony (with Cat-4 LBT), Spreadtrum, ZTE
· X = 4 for 30 kHz SCS, X = 2 for 15 kHz SCS
· Support: KT Corp, MotM, Lenovo (Number of actually transmitted SSBs is semi-statically selected), Huawei, HiSilicon (if CAT2 LBT is expected), OPPO, Potevio, Sony (Cat-2 LBT and if two DRS tx per slot)
· X ≤ Q
· Support: MediaTek, LGE, Samsung
· SSB position shift granularity at the start of the DRS burst after LBT success:
· 1 slot 
· Support: MediaTek
· Half-slot 
· Support: Sony
· Half slot or 1 slot depending on the configured DRS unit size or duration of optionally configured RMSI/OSI/paging of the same QCL assumption with SSB in a DRS block
· Support: Huawei, HiSilicon, NTT Docomo

[MediaTek] We agreed that the maximum number of transmitted SSBs within a DRS window is [X] at meeting RAN1 #98bis. Some further agreements need to be made in order to finalize this issue. For initial cell search and initial access, the benefits for supporting X>Q are not clear since Q is unknown to UE before MIB is read. On the other hand, with X>Q, it complicates UE’s initial cell search procedure. In addition, transmission of more than one SSB burst set within the duration of SSB periodicity is not supported in NR Rel-15. Therefore, we propose the following
· From UE’s perspective, the number of transmitted SSBs within a DRS transmission window is not larger than Q. 


Proposal:
· From UE’s perspective, the number of transmitted SSBs within a DRS transmission window is not larger than Q. 



	Agreement: (RAN1 #94bis 1810)
For SSB transmissions as part of DRS:
· It is considered beneficial to expand the maximum number of candidate SSB positions within DRS transmission window to [Y], for e.g., Y = [64] 
· FFS: How to derive frame timing from detected SS/PBCH block 
· Transmitted SSBs do not overlap
· FFS: Shift granularity between candidate SSBs positions/candidate groups of SSBs 
· Maximum number of transmitted SSBs is [X] within DRS transmission window. X <= 8
· FFS: Duration of DRS transmission window
· FFS: Duration of the transmitted DRS within the window, including SSBs and other multiplexed signals/channels
· FFS: relationship between transmitted SSB index and QCL assumption at UE
· FFS: If and how to support beam repetition for soft combining of SSBs within the same DRS transmission




Miscellaneous:

· UE performs UL transmission using dynamic UL resources (scheduled by DCI) irrespective of their overlap with DRS transmission window: Qualcomm
· Second-chance DRS transmissions within DRS period or additional DRS periodicities: MotM, Lenovo
· The bitmap parameter ssb-ToMeasure defined in R15 is reused in NR-U: Spreadtrum, OPPO
· When the number of leftover candidate positions within a DRS transmission window is smaller than Q, UE does not expect SSBs to be transmitted in those positions: MediaTek
· If a UE is configured with a SS/PBCH block (candidate) index for a reference resource e.g., of QCL source, mobility, path-loss estimation, power control, and so on, the UE should be able to utilize other SS/PBCH block (candidate) indices QCLed with the configured SS/PBCH block (candidate) index for the configured purpose: LGE
· In a wideband carrier, UE may expect SSB to be transmitted on one of secondary RB-sets, if the cell-defining SSB in primary sub-band is not indicated as available during the DRS window: Nokia, NSB
· RAN1 to agree on the following terminology to be used consistently across RAN1 (and RAN2/RAN4) specifications for operation with shared spectrum channel access: Ericsson
· - Candidate SS/PBCH block index as previously agreed in RAN1
· - SS/PBCH block index = modulo(A, Q)
· If Q is not indicated to the UE, the SS/PBCH block index is defined as in Rel-15, i.e. equal to the candidate SS/PBCH block index







	
	

	
	




Paging enhancements 
Description:
The TR states the following regarding paging:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and have been identified and studied. It is therefore considered beneficial to enhance paging opportunities using the following mechanism:
-	Increased time-domain paging occasions or paging monitoring occasions.
-	This can enable additional paging occasions outside of DRS.
Note: Parts or all of the above enhancement may fall under the purview of higher-layer enhancements and may not require any further study from a L1 perspective
However, paging enhancements are not listed as either essential or optimizations in the RAN guidance on NR-U prioritization [28].
In RAN2#105BIS, the following agreement was made:
As a starting point: If UE receives on PDCCH addressed to P-RNTI in a PDCCH monitoring occasion for paging corresponding to an SSB in a PO, UE is not required to monitor subsequent PDCCH monitoring occasions corresponding to that SSB in that PO.

In RAN2#106, the following agreements were made:
The UE should also stop monitoring paging for the PO even if it does not decode a P-RNTI if it can detect that the gNB had access to the channel at the pdcch monitoring occasion. FFS if there are additional detection methods to detection of PRNTI and what those are. 

[bookmark: _Hlk9373926]We extend paging monitoring by extending PDCCH occasions for a PO

In RAN2#107, the following agreement was made:
PO consists of ‘S × X’ PDCCH monitoring occasions for paging, where 'S' is the number of actual transmitted SSBs and X is the number of PDCCH monitoring occasions per SSB. 
Parameter 'X' is signaled in paging configuration (i.e. pcch-Config).

RAN1#98BIS Reply to RAN2 LS:
Agreement:
Include the following in a reply LS to RAN2 for R1-1909954:
· There are other signals/channels that can be detected with similar reliability to a DCI with CRC scrambled with a P-RNTI (e.g., PDCCHs with CRC scrambled with other RNTIs)
· There is no consensus in RAN1 on using these other signals/channels for the purpose of the UE stopping the monitoring of the additional PDCCH monitoring occasions at a given paging occasion

 
Company views on candidate enhancements: 
FL note: Erstwhile Alt-1 is not considered further given RAN2 agreements on paging

· UE can be configured with conditional Paging Occasions that are dynamically triggered
· Support: InterDigital, Panasonic (based on GC-PDCCH)
· Each QCL assumption indicated by ssb-PositionInBurst are cyclically mapped to each monitoring occasion: Sharp
· No paging enhancements: Xiaomi


Aspects for random access
Enhancements in RACH resources
In RAN1#97, it was agreed that
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR

Description:
Company support for the potential RACH enhancements listed in the TR are as follows (including views from previous meetings):
· 1a: Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Support: MotM, Lenovo, ZTE, Sanechips, Nokia, NSB, Panasonic, LGE, Apple, Fujitsu, InterDigital

	Time-domain enhancements:
· 2a: For connected mode UE, scheduling of PRACH resources via DCI. Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI.
· Support: Nokia (Similar to what is supported for NR Rel-15, but using the GC-PDCCH instead of the PDCCH for scheduling), NSB, Qualcomm, InterDigital, ZTE, Sanechips, Huawei, HiSi, LGE, Panasonic, Fujitsu
· Oppose: Ericsson
· 2b: For idle mode UE, scheduling of PRACH resources via paging (Note: potential inefficiency in network resource due to paging across multiple cells)
· Support: -
· Oppose: Nokia, NSB, Ericsson, Charter Communications, Samsung, ZTE, Sanechips, vivo, InterDigital
· 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
· Support: Panasonic, Huawei, HiSi, Nokia (already covered by 2a), NSB
· Oppose: Samsung, ZTE, Sanechips
· 2d: Multiple PRACH transmissions before Msg2 reception in RAR window for initial access. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
· Support: Samsung, Huawei, Hisilicon
· Oppose: ZTE, Sanechips, Nokia, NSB
· 2e: Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
· Support: Samsung, Panasonic, LGE
· Oppose: Ericsson, Charter Communications, Mediatek, Nokia, NSB (as supported by NR Rel-15), ZTE, Sanechips
Several companies also suggested that no RACH enhancements are necessary and that Rel-15 RACH configuration is sufficiently robust (Xiaomi, Ericsson, Charter Communications, NTT Docomo (no time-domain enhancements))
Enhancements for Msg3
Following agreement was made in RAN1#97:
Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR.

Company views on Msg3 transmission enhancements are as follows.
· RAR Grant indicates different UL BWPs for Msg 3 and/or multiple msg3 tx opportunities: 
· Support: MotM, Lenovo, LGE, Samsung, Huawei, HiSi, Qualcomm, Fujitsu (support of  multiple msg3 tx opportunities)
· Oppose: Intel, ZTE, Sanechips
· More candidate Δ values for the time offset between RAR and PUSCH carrying Msg3: OPPO
· LBT category for msg 3 transmission is provided to the UE in the DCI carrying DL assignments for the RAR messages and that no further action is required by RAN2 on this matter: Ericsson
· RAR includes an indicator for the channel access priority class: MotM, Lenovo
· RAN1 requests to RAN2 potential increase of 1 octet for RAR MAC CE for LBT type, channel access category, and CP extension. Otherwise, those parameters are indicated in DCI format with RA-RNTI: Sharp
· Msg 3 transmission and its retransmission are mapped such that the transmission is confined in the initial UL BWP: Sharp


Miscellaneous enhancements:
· Any PRACH resource which overlaps (partially or fully) with a DRS transmission window can be considered invalid: Qualcomm, Ericsson
· Define CFRA for SR to enable reduction of periodic PUCCH: Fujitsu
· Introduce LBT gap between neighboring ROs within a RACH slot: LGE, Samsung, Intel (R1-1912194)
·  [Huawei, HiSilicon]
· Support different power ramping of PRACH within and outside of RAR window.  
· The latency of RACH procedure can be reduced by:
· Configure RAR window with multiple values and the RAR window size could be increased with the number of Msg1 retransmission.
· Allocating multiple Msg3’s transmission occasions  
· Support 2-step triggered mechanism for msg3.
· Separate PRACH configuration periodicities for idle and connected mode UEs: OPPO
· RO selection for PRACH transmission based on the LBT result in case of multiple SSBs, and random selection of RO(s) per certain time period (in case of LBT failure): LGE
· PRACH resource configuration in a wideband unlicensed carrier is on a LBT sub-band basis: Panasonic
· Validation of a RACH occasion should depend on the positions of the configured DMTC window: Samsung
· A RO that overlaps with the IDLE period of a fixed frame period for FBE NR-U is invalid: Samsung
· Multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay: Samsung
· Include 2 bits of SFN LSB information in DCI format 1_0 (CRC scrambled with RA-RNTI) using the reserved bits to distinguish between RA-RNTIs associated with RARs for different UEs received within overlapping RAR window (enhanced beyond 10 ms) in NR-unlicensed: Qualcomm, Intel, Sharp,  Nokia, NSB, Ericsson
· Indicate LBT category to Msg3 as a separate field of UL grant in RAR, where LBT category can at least indicate CAT 2/4. FFS: indication of CAT 1, details of UL grant fields: Intel
· Indicate LBT category of Msg3 in the DCI and not RAR: Ericsson
· SSB and RO mapping takes SSB QCL assumption into consideration by mapping QCL SSBs to same set of ROs: LGE, Intel, ETRI, Spreadtrum, Sharp, vivo, Ericsson

Proposal: 
· Support dynamic scheduling of PRACH resources via DCI for connected mode UEs 

Proposal: 
· Include 2 bits of SFN LSB information using the reserved bits in DCI format 1_0 (CRC scrambled with RA-RNTI) 
· Send an LS to RAN2 with the above information

Proposal: 
· A PRACH resource is considered invalid if:
· it overlaps (partially or fully) with a DRS transmission window, or
· it overlaps with the IDLE period of a fixed frame period
	

	Company
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[bookmark: _Ref521949024]Aspects for RRM and RLM

RRM measurements and metrics 
The following agreement was made in RAN1#98BIS:

Agreement:
· The RSSI measurement timing configuration (RMTC) includes the following:
· Time-domain parameters: 
· Periodicity (e.g., 40/80/160/320/640 ms) 
· Measurement duration in terms of OFDM symbols with a configured reference subcarrier spacing
· Offset of RMTC measurement duration
· Frequency-domain parameters:
· Measurement bandwidth at least in units of LBT bandwidths
· FFS: Units other than LBT bandwidths
· Note: RAN4 can determine if the bandwidth used for the measurement within an LBT bandwidth can be less than the signaled measurement bandwidth. 
· Measurement ARFCN for inter-frequency measurements
· Configurable L3 filtering as in RSSI for LTE-LAA

Conclusion:
No new medium contention/load metrics other than channel occupancy are introduced




Summary of company views on RRM measurements and metrics:

· Up to five RSSI measurement timing configurations can be configured for each LBT sub-bands: NTT Docomo
· RSSI measurement bandwidth is not larger than an LBT bandwidth: MediaTek
· The reported RSSI value is normalized by N, which is the number PRBs used by UE for measurement. The exact value of N should be up to UE’s implementation.
· RSSI and Channel Occupancy measurement and reporting are performed by UEs per LBT sub-band: Qualcomm
· If information on multiple DRS transmission in measurement object is provided for UE, multiple DRSs (SSBs) within active downlink BWP could be used: LGE
· No need to support units other than LBT bandwidths for NR-U: ZTE, Sanechips, Huawei, HiSi (reference SCS for RMTC is 15 kHz), Samsung, Potevio, Ericsson, Nokia, NSB
· SSB in SMTC are measured if the index of the candidate SS/PBCH block is indicated by ssb-ToMeasure after a modulo operation with respect to Q: Samsung, OPPO 
· Only SSB/CSI-RS-based RRM measurements inside the DRS transmission window are supported: Nokia, NSB
· Only synchronous networks are fully supported for NR-U Rel-16 with partial support for asynch networks
· The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows even when the SS/PBCH blocks shift in time due to LBT failures: Ericsson
· Measurement ARFCN is provided also for intra-frequency measurements and the provided ARFCN (for both intra- and inter-frequency) is located in the middle of the measurement bandwidth. 

Proposed Conclusion: 
· Units other than LBT bandwidths are not supported for RSSI measurement bandwidth configuration

Proposal:
· The Rel-15 SMTC window can be used “as is,” for configuring RRM measurement windows
Proposal:
· Measurement ARFCN is also provided for intra-frequency measurements 
· The provided ARFCN (for both intra- and inter-frequency) is located in the middle of the measurement bandwidth. 



RLM in-sync/out-of-sync evaluations and enhancements

Description:
The following agreements were reached in RAN1#97 and RAN1#96:
Agreement:
For SSB-based RLM, UE may assume the RLM measurement window to be the same as the DRS transmission window.
· Note: This implies that the SSB-based RLM-RS cannot fall outside the measurement window 
· FFS: Whether and how DRS transmission window is configured to the UE

Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



Company views on in-sync (IS) evaluation:
· CSI-RS-based RLM-RS within RLM measurement window and outside RLM measurement window are utilized for in-sync evaluations
· Support: Sony (inside COT), Charter Communications, InterDigital, LGE, Nokia, NSB, Potevio, Samsung 
· L1 samples outside DMTC window are also used for in-sync evaluations (upon detection of RLM-RS from gNB)
· Support: Qualcomm (with successful PDCCH reception), Nokia, NSB (GC PDCCH DMRS leading to PDCCH), Huawei HiSilicon (CSI-RS)
· Indicate a third indicator type (e.g. failed to detect – or RLM-RS missing) to higher layers in addition to IS and OOS
· Support: ZTE, Sanechips, vivo
· For a CSI-RS RLM-RS configured over multiple LBT bandwidths, when the radio link quality is better than the threshold Q_in for resource corresponding to any of LBT bandwidths configured for the CSI-RS, the physical layer in the UE indicates in-sync to higher layers: LGE


Company views on out-of-sync (OOS) evaluations:
· Mechanism to handle missing RLM-RS is up to RAN4 to decide 
· Support: Ericsson
· CSI-RS based RLM-RS transmitted outside the SSB-based RLM measurement window is used for out-of-sync evaluation: InterDigital
· RS outside RLM measurement window are not considered for OOS evaluations.
· Support: Qualcomm, Samsung, Nokia, NSB, Sony (if GC-PDCCH is not configured and COT information is not explicitly indicated)
· Object: Huawei, HiSilicon
· The out-of-sync indication criterion should be enhanced considering the configured RLM-RS may be blocked, i.e., missing RLM-RS should not be treated as equivalent to OOS
· Support: LGE (option 2)
· [Huawei, HiSi] RLM-RS not transmitted should be excluded from OOS counting.
· A UE considers that a radio link quality of an undetected RLM-RS is worse than the threshold Qout, only if the UE determines that the undetected RLM-RS has been transmitted.
· Support: MotM, Lenovo, InterDigital
· [bookmark: OLE_LINK1]Declare RLF if RLM-RSs have not been successfully detected for a period of time or if UL LBT fails persistently
· Support: InterDigital, LGE (high traffic load scenario)
· If it is not feasible to distinguish between DTX and undetected SSB due to poor link quality, UE indicates OOS to higher layer when all the SSBs configured for RLM measurements are below Qout in all their candidate positions within the out-of-sync evaluation period
· Support: MediaTek	
· New metric for RLM should be introduced to reduce the false-alarm in RLM/RLF.
· [bookmark: OLE_LINK2]Support: OPPO
· UE could update its timer (e.g. N310) based on the gNB’s indication by reporting non-detected RLM RS
· Support: Huawei, HiSilicon
· RLM shall be performed based on RLM-RS on the available LBT subband(s) according to the bandwidth indication carried in GC-PDCCH.
· Support: Huawei, HiSilicon
· LBT failure should be excluded from the IS/OOS evaluation, and alternatives are [NTT Docomo]:
· UE is configured with an additional threshold for RLM-RS measurement, and if the RLM-RS measurement result is lower than the threshold, UE excludes it for N311 counting (i.e., does not reset N311 counter), OR 
· UE measures RLM-RS and RSSI simultaneously, and if UE observes low RLM-RS quality but high RSSI (due to transmit signal from other systems), UE excludes it for N311 counting (i.e., does not reset N311 counter).
· A counter of RLM-RS detection failure could be introduced with certain threshold for triggering RLF.
· Support: Potevio



Offline consensus: 
· CSI-RS-based RLM-RS within and outside the SSB-based RLM measurement window (i.e., DRS transmission window) can be used for in-sync and out-of-sync evaluations.










Proposal: 
· Mechanism to handle missing RLM-RS is up to RAN4 to decide


Other issues:
· Support CSI-RS transmission scheme with multiple time-domain resources for RLM which keeps the periodicity as long as possible regardless of LBT failure, especially considering when the CSI-RS transmission bandwidth is wider than bandwidth for LBT: LGE
· UE determines the presence of RLM-RS based on DL transmission burst and COT indication from the gNB: InterDigital
· For SSB-based RLM in-sync and out-of-sync evaluation, UE may use measurements from only some of the DRS transmission windows within the evaluation period for L1 filtering: MediaTek
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