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Introduction
[bookmark: _Hlk534356555]NRU WI was approved in RAN#82, with the main objectives are provided below for reference:
	This work item will specify NR enhancements for a single global solution framework for access to unlicensed spectrum which enables operation of NR in the 5GHz and the 6GHz (e.g., US 5925 – 7125 MHz, or European 5925 – 6425 MHz, or parts thereof) unlicensed bands taking into account regional regulatory requirements. The core technology should be band agnostic as much as possible. To allow for an efficient design, the enhancements should reuse the features of NR as much as possible. Duplication of work done in other NR work items should be avoided.
In relation to the architectural scenarios which need to be focussed on, following text is included:
This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.


In addition to above, following objectives are relevant for initial access procedures:
· NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.
· RACH including possible extension of RACH format(s) in line with agreements during the SI phase (TR 38.889, Section 7.2.1.2) to support minimum bandwidth requirement given by regulation. Determine the applicability of Rel-15 NR formats to NR-U operation.RAN1 should decide whether 60 kHz subcarrier spacing for RACH is supported, based on a unified design with 15 kHz and 30 kHz RACH for meeting occupied channel bandwidth (OCB) requirements.
· Mechanism to detect a gNB’s transmission burst in line with the TR 38.889, Section 7.2.1.2 related to UE power consumption.
· Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)
· Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of RACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (SMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)  
In RAN Plenary meeting#84, some items related to initial access procedures are prioritized which are provided below:
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
[bookmark: _Hlk13556866]•	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
Discussions
Initial access procedures
[bookmark: _Ref521674277][bookmark: _Ref521674383]Synchronization Signal
The section lists some of the design considerations for SSB transmission in the sub-7Ghz unlicensed band.
Figure 1 illustrates the SSB transmission within a DRS transmission window consisting of 20 candidate SSB occasions. Note that SS burst in the figure is assumed to consist of 8 consecutive SSBs, where start instance of SSB burst is determined based on the time instance when LBT is successful for the gNB.



[bookmark: _Ref1115763]Figure 1 Candidate SSB positions are mapped to SSB indices. SS burst contains a subset of SSB indices
Once LBT succeeds, gNB should initiate transmission of SSB burst immediately from the first available SSB occasion. This will ensure higher probability of truncated SS burst transmission within the DRS transmission window and will also help to reduce UE power consumption to monitor SSBs (for e.g. UE can decide when to stop DRS monitoring within an DRS transmission window based on successful reception of an SSB).
[bookmark: _Toc7763491][bookmark: _Ref7763641][bookmark: _Toc16687218][bookmark: _Ref16855004][bookmark: _Ref21088126][bookmark: _Ref23838217]Proposal 1: gNB should initiate SS burst transmission starting from the first available SSB occasion after LBT succeeds.
Note that in some scenarios, gNB may not want to transmit SSBs in a subset of SSB occasions within DRS transmission window. For e.g. if RMSI transmission occupies one complete slot within DRS transmission window, then gNB may transmit single SSB per slot. To accomplish this, we can continue to support SSB positions in burst (as specified for Rel-15 NR), however, we do not need to indicate for each SSB occasion in DRS transmission window. SSB positions in burst can be indicated for set of Q SSB occasions, and the pattern can continue every Q SSB occasions within DRS transmission window. Note that since Rel-15 signalling for ssb-PositionsInBurst supports 8 bit value, if the value of Q is less than 8 then the first Q bits of ssb-PositionsInBurst can be used to provide valid SSB positions, while the remaining bits can be left unused. 
[bookmark: _Ref21088760][bookmark: _Ref21088129][bookmark: _Ref21088455][bookmark: _Toc16687219][bookmark: _Ref16855012][bookmark: _Ref23838219][bookmark: _Hlk23340917]Proposal 2: First Q bits of ssb-PositionsInBurst indicates SSB positions used in the first Q SSB occasions of DRS transmission window. 
- The pattern repeats after every Q SSB occasions up to the end of DRS transmission window.
- Remaining 8-Q bits of ssb-PositionsInBurst are ignored by UE.

Given that DRS transmission window length can be configured by system information, it needs to be clarified what default value is assumed by an idle mode UE in order to detect and camp on cells during cell (re)selection procedure. To allow UE to detect/camp on a cell irrespective of the actual DRS transmission window length used by a cell, UE can assume 5ms duration of DRS transmission window (note that 5ms is the maximum value supported).
[bookmark: _Ref23838221][bookmark: _Ref24019133]Proposal 3: Idle/inactive mode UEs can assume default value of 5ms of DRS transmission window for cell selection.
One point which is being discussed in the ongoing meetings is how does network indicate the value of Q (SSB QCL parameter). In case of serving cell operation, value of Q is beneficial to reduce blind decoding efforts by UE for RMSI decoding. For e.g. if value of Q is not known, then UE may search for RMSI corresponding to all of the SSB candidate positions of a DRS transmission window (as UE does not know which SSB candidate positions are QCLed with detected SSB). While for the case when value of Q is known, UE may only search for RMSI positions associated with SSB candidate positions which are QCLed with the detected SSB. Hence, value of Q for a serving cell can be provided to UE using PBCH/MIB. Such an enhancement can greatly improve UE power consumption. Also, note that providing value of Q within PBCH/MIB would also allow UE to determine beam index of neighbour cells for RRM measurements.  
Note that MIB structure currently includes following IEs for Rel-15 NR (TS 38.331):
MIB ::=                             SEQUENCE {
    systemFrameNumber                   BIT STRING (SIZE (6)),
[bookmark: _Hlk19093732]    subCarrierSpacingCommon             ENUMERATED {scs15or60, scs30or120},
    ssb-SubcarrierOffset                INTEGER (0..15),
    dmrs-TypeA-Position                 ENUMERATED {pos2, pos3},
    pdcch-ConfigSIB1                    PDCCH-ConfigSIB1,
    cellBarred                          ENUMERATED {barred, notBarred},
    intraFreqReselection                ENUMERATED {allowed, notAllowed},
    spare                               BIT STRING (SIZE (1))
}
Given that 1 spare bit is available within MIB, we require 1 more bit to indicate Q within MIB (assuming Q comprises of 2 bits information). Note that we already made an agreement in RAN1#96 that SCS of SSBs and CORESET#0 is same for a carrier. Hence, there is no requirement to keep the subCarrierSpacingCommon, and the resulting bit could be used to indicate value of Q within MIB. 
Other possible solution to indicate Q is by redesigning the CORESET table for Type-0 PDCCH monitoring, which currently contains some entries not applicable to NR-U. Q can either be included explicitly within MIB by reducing the number of bits required to indicate CORESET#0 table or value of Q can be indicated within CORESET#0 table itself [12]. Q can be accommodated by removing entries of Rel-15 CORSET#0 table which are not relevant for NR-U. For e.g., there is no need to keep the entries corresponding to 24/96 RBs or 3 CORESET symbols for 30kHZ SCS, as the values are agreed to be not supported for NR-U. We prefer the approach where value of Q is indicated within CORESET#0 table itself.
[bookmark: _Ref24018900]Observation 1: CORESET#0 table size is expected to require smaller space as compared to Rel-15:
- For 15 kHz SCS, entries corresponding to 24 and 48 RBs in CORESET#0 table are not applicable
- For 30 kHz SCS, entries corresponding to 24 and 96 RBs in CORESET#0 table are not applicable
- Entries corresponding to 3 symbol duration in CORESET#0 table are not applicable
- Fixed offset value is likely to be supported
[bookmark: _Ref23838223]Proposal 4: 2 bits for Q can be accommodated within the CORESET#0 table for NR-U. 

RACH Enhancements
Some enhancement options for RACH were captures in RAN1#94-bis[4]:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple RACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of RACH resources via DCI. 
i. Triggered RACH within TXOP can use a new resource
b. For idle mode UE, scheduling of RACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple RACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

For time-domain enhancements, several approaches have been discussed, our primary preference is to support RACH resources scheduled using DCI (i.e. Option-2a). This option is beneficial to reduce RACH latency and improve RACH reliability (e.g. by scheduling RACH within network acquired COT) and it does not lead to unnecessary interference to other users of the unlicensed channel (i.e. when the RACH resources are constrained within network acquired COT). 
[bookmark: _Toc173673][bookmark: _Ref21088144][bookmark: _Ref23838224][bookmark: _Toc7763502][bookmark: _Ref7763659][bookmark: _Toc16687225][bookmark: _Ref16855060]Proposal 5: On top of RRC configured RACH opportunities, NR-U supports scheduling of RACH opportunities via DCI. 
[image: ]
Figure 2 Scheduling of RACH resources using DCI
For Option-2c (RACH resource scheduling after DRS), we understand that if UE receives any DRS transmission, then RACH resources can be considered as implicitly scheduled based on some pre-defined rules within the network acquired COT. However, this might put extra restrictions on network acquired COT structure. For instance, if RACH resources are always scheduled within the last 1ms of network acquired COT, then it becomes very difficult for the gNB to utilize the time duration reserved for RACH for any other DL/UL transmission, even when RACH load is low. Therefore, we think that scheduling RACH resources using DCI provides more flexibility to network.
[bookmark: _Toc7763486][bookmark: _Ref7763550][bookmark: _Toc16685113][bookmark: _Ref16854880][bookmark: _Ref16854944][bookmark: _Ref21088101][bookmark: _Ref23838180]Observation 2: RACH resource scheduling immediately following DRS detection puts extra restriction on network acquired COT structure.
Main motivation for multiple RACH transmissions before RAR reception (Option 2d) is considered to address hidden node issue. However, it is very difficult to determine the cause of RACH failure (i.e. whether RACH failure is due to lower RACH transmission power or due to hidden node interference at gNB). When RACH failure occurs due to lower RACH transmission power, performing multiple RACH transmissions will only lead to increased interference to nodes in vicinity of UE. Hence, benefits and disadvantages of multiple RACH transmission need to be carefully analysed before agreeing on the principle.
[bookmark: _Toc16685114][bookmark: _Ref16854889][bookmark: _Ref16854948][bookmark: _Ref21088104][bookmark: _Ref23838188]Observation 3: For multiple RACH transmissions before RAR reception, careful analysis is required for quantifying interference to neighbouring nodes of UE due to extra RACH transmissions.
RAR Reception
RAN2 in RAN2#107bis meeting sent an LS to RAN1 regarding feasibility to indicate system frame number associated with PRACH transmission within RAR response [13]. Note that this signalling enhancement is required to avoid RAR reception confusion at the UE side when RAR window size is greater than 10ms. RAN2 has agreed for at most 20 ms RAR duration, for which 2 bits are required for SFN indication. In the LS, RAN2 has asked RAN1 to discuss feasibility to include SFN bits within DCI associated with RAR and MsgB, such that a UE checks the SFN bits within DCI and is the SFN bits value corresponds to its PRACH transmission then it can go on to receive and decode RAR PDSCH/MsgB, otherwise it can ignore RAR PDSCH/MsgB.
From RAN1 perspective, DCI scrambled by RA-RNTI (DCI format 1_0) contains 16 reserved bits in NR Rel-15, and hence it is feasible to include the SFN bits within DCI at least for 4-step RACH RAR.
For 2-step RACH, DCI for MsgB is expected to have similar payload as DCI for 4-step RAR. Even though RAN1 is discussing to use a few of the reserved bits for indicating PUCCH resource set and HARQ feedback timing within DCI for MsgB, we believe that DCI scrambled using MsgB-RNTI should have sufficient number of reserved bits to accommodate space for 2 SFN bits. Note that SFN bits may not need to be included for MsgB scrambled with C-RNTI. 
[bookmark: _Ref23838226][bookmark: _Ref24019069][bookmark: _Hlk23341759]Proposal 6: 2 SFN bits can be included within DCI for 4-step RAR and within DCI for MsgB by using reserved bits.
Msg3 Transmission
In RAN2#105bis, RAN2 discussed support for multiple transmission opportunities for Msg3 and identified its benefits for increasing success probability of random access procedure. However, RAN2 has left the detailed design aspects of Msg3 multiple transmission opportunities to RAN1 decision. 
Multiple Msg3 opportunities can either be provided using multiple RARs or can be scheduled using a single RAR. From our perspective, it seems simpler and radio resource efficient to schedule multiple transmission opportunities using single RAR message. 
Multiple opportunities can potentially be provided in different frequency resources or multiple slots, like multi-TTI grant being discussed. Note that multiple frequency resources may only be applicable for the case of RACH performed by connected mode UEs which are configured with wide BWP. For initial access UEs, scheduling multiple time domain opportunities is more appropriate considering that initial active BWP consists of only single LBT sub-band. So, our preference is to at least support multiple time domain opportunities for Msg3 transmission. In contrast to multi-TTI grant being discussed in RAN1, multiple transmission opportunities of Msg3 shall include multiple slots, where one or more slots can be used for scheduling same TB (i.e. HARQ process id remains same). 
Another point to discuss for multiple transmission opportunities is whether the number of opportunities is semi-statically configured using RRC signalling or can be dynamically indicated to UE using RAR message. Note that dynamic signalling can allow network to reserve resources optimally based on observed interference during a period. For e.g. when network observes high delay to acquire channel, then number of Msg3 opportunities can be increased dynamically.
[bookmark: _Ref23838227][bookmark: _Ref21088148][bookmark: _Toc16687226][bookmark: _Ref16855071]Proposal 7: Support scheduling multiple Msg3 transmission opportunities using single RAR message. 
· Multiple time domain opportunities can be granted for a single Msg3 grant, which can be used for one complete transmission of Msg3 TB. 
· Number of Msg3 transmission opportunities can be dynamically indicated within RAR message. 

Mobility and RLM
RSSI Measurements
In RAN1 #98bis, we have the following 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

[bookmark: _Toc173674]Note that the above agreements mainly discuss the gNB configuration of RSSI measurement bandwidth, however how does UE perform measurement and reporting of RSSI/channel occupancy still needs to be discussed. For given channel load metrics, granularity of measurement and reporting should be per LBT sub-band, as including more number of sub-bands for channel load measurement and reporting would likely lead to biased or incorrect measurements (e.g. if an interfering device performs transmission on one sub-band, then a UE reporting channel load for more than 1 sub-band may look like lower channel load even in presence of an interfering node). 
[bookmark: _Ref21088150][bookmark: _Ref24019034][bookmark: _Hlk23931039]Proposal 8: RSSI and Channel Occupancy measurement and reporting are performed per LBT sub-band. It is up to RAN4 to specify the RSSI measurement requirements.
L1 samples for RRM and RLM
RLM in NR Rel-15 relies on In-Sync/Out-of-sync reports [TS 38.213 section 5, TS 38.133 section 8], assisted by SSB and/or CSI-RS configuration. In unlicensed carriers, CSI-RS transmissions outside DMTC COT reduces medium access opportunities for other nodes and are thus strongly undesirable. For this reason, RLM-RS transmissions outside DRS transmission window should not be counted towards out-of-sync evaluation.
Given that it is likely that network may not be able to transmit RLM-RS within the DRS transmission window for a considerable period of time, it is worthwhile to consider fast link recovery for UEs not being able to detect RLM-RS transmissions from the network. For such case, it is better to also allow link recovery based on signals transmitted outside DRS transmission window of the serving cell.
Note that always monitoring for RLM resources outside DRS transmission window will put more stringent requirements on UE side, and will also lead to higher interference in the unlicensed channel due to frequent network transmissions. It seems preferable to transmit these additional RLM signals only when network detects consistent channel acquisition failures during DRS transmission window. For e.g. network may initiate transmission of these additional resources if network is not able to acquire channel for N number of consecutive DRS transmission window occasions or if network receives UE(s) report indicating radio link problem. RLM signals used for opportunistic transmission can be regular PDCCH transmissions whose successful decoding by UE can be interpreted as IS indication. Note that, we do not mandate UE to monitor and try to receive these all times, rather, these measurements can be performed opportunistically or can be based on UE trying to receive regular serving cell transmissions (e.g. monitoring PDCCH candidates within configured search spaces).
[bookmark: _Toc16687228][bookmark: _Ref16855085][bookmark: _Ref21088152][bookmark: _Ref23838230]Proposal 9: Successful PDCCH reception outside DRS transmission window can be utilized by UE only for in-sync evaluation.
Conclusions
The proposals and observations made in this contribution are listed below:
Observation 1: CORESET#0 table size is expected to require smaller space as compared to Rel-15:
- For 15 kHz SCS, entries corresponding to 24 and 48 RBs in CORESET#0 table are not applicable
- For 30 kHz SCS, entries corresponding to 24 and 96 RBs in CORESET#0 table are not applicable
- Entries corresponding to 3 symbol duration in CORESET#0 table are not applicable
- Fixed offset value is likely to be supported
Observation 2: RACH resource scheduling immediately following DRS detection puts extra restriction on network acquired COT structure.
Observation 3: For multiple RACH transmissions before RAR reception, careful analysis is required for quantifying interference to neighbouring nodes of UE due to extra RACH transmissions.
Proposal 1: gNB should initiate SS burst transmission starting from the first available SSB occasion after LBT succeeds.
Proposal 2: First Q bits of ssb-PositionsInBurst indicates SSB positions used in the first Q SSB occasions of DRS transmission window. 
- The pattern repeats after every Q SSB occasions up to the end of DRS transmission window.
- Remaining 8-Q bits of ssb-PositionsInBurst are ignored by UE.
Proposal 3: Idle/inactive mode UEs can assume default value of 5ms of DRS transmission window for cell selection.
[bookmark: _GoBack]Proposal 4: 2 bits for Q can be accommodated within the CORESET#0 table for NR-U. 

Proposal 5: On top of RRC configured RACH opportunities, NR-U supports scheduling of RACH opportunities via DCI.
Proposal 6: 2 SFN bits can be included within DCI for 4-step RAR and within DCI for MsgB by using reserved bits.
Proposal 7: Support scheduling multiple Msg3 transmission opportunities using single RAR message.
Proposal 8: RSSI and Channel Occupancy measurement and reporting are performed per LBT sub-band. It is up to RAN4 to specify the RSSI measurement requirements.
Proposal 9: Successful PDCCH reception outside DRS transmission window can be utilized by UE only for in-sync evaluation.
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RAN1 Agreements
Following agreements have been reached regarding initial access and mobility in the RAN1 meetings so far:
RAN1#93 
Agreement:
The following modifications to initial access procedures are beneficial
· Modifications to initial access procedures considering limitations on access to the channel based on LBT
· Develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure
· Enhancement to 4-step RACH
· Mechanisms to handle reduced msg 1/2/3/4 transmission opportunities due to LBT failure
· 2-step RACH potentially has benefit for channel access
Agreement:
Potential modifications to RLM/RRM procedures due to reduced transmission opportunities for DL signals and channels due to LBT failure should be identified and studied.
Agreement:
Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and should be identified and studied.
RAN1#94 
Agreement:
· It is recommended to define a mechanism to transmit SSBs dropped due to LBT failure 
· Following are examples of candidate mechanisms for further consideration with enhancements or modifications not precluded:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Other alternatives are not precluded
· It is recommended to define a mechanism for UE(s) to determine the timing and QCL assumptions from the detected SSB
Agreement: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented
Agreement:
· In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure
· FFS: Value of maximum RAR window size
Agreement:
It is beneficial to support reporting of RSSI
· FFS: The time and frequency resources on which RSSI is measured
RAN1#94bis 
Agreement:
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
Agreement:
Following options have been identified for potential RACH resource enhancements in NR-U beyond the flexibility already available in Rel-15:
1. Frequency-domain enhancement
a. Multiple RACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
2. Time-domain enhancements
a. For connected mode UE, scheduling of RACH resources via DCI. 
i. Triggered RACH within TXOP can use a new resource
b. For idle mode UE, scheduling of RACH resources via paging
i. Note: potential inefficiency in network resource due to paging across multiple cells
c. Additional, new RACH resources are used immediately following detection of DRS transmission
d. Multiple RACH transmissions before Msg2 reception in RAR window for initial access
i. Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI
ii. FFS: How to handle potential multiple RARs to same UE
e. Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain
Agreement:
· It is considered beneficial to configure SMTC(s) (DRS Measurement Time Configuration) in which UEs can perform measurements. 
· DRS-based RRM measurements are performed inside the SMTC(s)
· FFS: Similarity with Rel-15 SMTC
· CSI-RS-based measurements may be performed outside the SMTC(s)
· DRS-based RLM for unlicensed SpCell is performed inside the SMTC(s)
· RLM SMTC may coincide with DRS transmission window
· CSI-RS-based RLM may be performed outside of SMTC(s)
· FFS: Explicit indication is provided by gNB to indicate whether or not DRS and/or CSI-RS transmissions occurred
· FFS: If SMTCs for RRM measurements and RLM are the same or can be different
RAN1#95 
Agreement:
· It is considered beneficial to enhance paging opportunities using one or more of the following mechanisms:
· 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 RAN2 purview and may not require any further study in RAN1
Agreement: 
· It is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI.
· The exact definition of the metric(s) is left for the WI
· Note: The above is a confirmation of RAN2’s recommendation for the same
Agreement:
· For RLM, the following recommendations are considered beneficial for further design in the WI:
· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS
· Transmission of the RS in a COT may be subject to LBT
· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations
· For example, determining which RLM-RS within or outside the SMTC for RLM can be utilized for in-sync and out-of-sync evaluations
· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is to be further studied. 
Agreement:
It is considered beneficial for the time-domain measurement windows for RRM measurements and RLM to be different
RAN1#AdHoc 1901 
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 (cc RAN2) for inclusion in specs managed by RAN4 
Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
The Type0-PDCCH monitoring configuration for NR-U should satisfy at least the following properties:
· TDM of Type0-PDCCH and SSB similar to existing pattern 1 (already agreed)
· Support the monitoring of Type0 PDCCH of the 2nd SSB position in a slot in the gap between 1st and 2nd SSB within the slot
· FFS start at symbol #6 of #7 or both
· FFS: The Type0-PDCCH candidates associated with an SSB are confined within a slot carrying the associated SSB (with the same QCL assumptions)

RAN1#96 
Agreement:
· Down-select from the following options for SSB pattern (symbol index starts at 0)
· Option 1: SSBs are at symbols (2,3,4,5) and (8,9,10,11) in the slot
· Option 2: SSBs are at symbols (2,3,4,5) and (9,10,11,12) in the slot
· The down-selected pattern applies no matter if SSB SCS is indicated by higher layer or not, and no matter if RMSI is transmitted or not.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.
Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum
Agreement:
· For a given cell, UE may assume SS/PBCH blocks in the same candidate position within the DRS transmission window are QCL across DRS transmission windows
· Alt1: The PBCH DMRS sequence index is also the same
· Alt2: The PBCH DMRS sequence index may be different
· Note: The first candidate position of the DRS transmission window is located at the first half slot of a half frame
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows
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

RAN1#96bis 
Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· Note: The number of starting points for DRS transmissions with the 5 ms window that can use a Cat. 2 LBT is to be discussed further as part of channel access discussions.
· FFS: If the DRS transmission window is configurable, and if yes, how to configure and indicate the window, including the range of configurable values.

Agreement: 
For a given cell, the UE may assume that the PBCH DMRS sequence index is the same for SS/PBCH blocks that are transmitted at the same candidate positions across DRS transmission windows.
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).
RAN1#97 
Agreement:
For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97
Conclusion:
There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item.
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA=[571, 1151]
· 30 kHz: Choose one of L_RA=[283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.
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

Agreement:
LBT category for msg 3 initial transmission is provided to the UE in RAR
Agreement:
For a serving cell, UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(A, Q), once Q is known to the UE
· FFS: A is the SSB candidate position index and/or PBCH DMRS sequence index
· FFS: How Q is indicated or determined 
· FFS: Restriction on the range of Q.
Note: Neighbor cell RRM measurements will be addressed separately
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

RAN1#98
Agreement:
No new PRACH formats are specified for operation in unlicensed spectrum.
Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed
Agreement:
For purposes of SSB QCL derivation, the following values of Q are supported: {1, 2, 4, 8}.
· FFS: Further down-selection of allowed values.

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:
For a cell (either serving or a neighbour cell), UE may assume a QCL relation between SS/PBCH blocks within or across DRS transmission or measurement windows that have the same value of modulo(A, Q), once Q is known to the UE
· A is the PBCH DMRS sequence index.
· Note: This agreement extends a prior agreement for serving cells on QCL relation between SS/PBCH blocks to neighbour cells
Agreement:
[bookmark: _Hlk23847950]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:
If Q is known, candidate monitoring slots for Type0 PDCCH search space are the PDCCH monitoring slots associated with SS/PBCH blocks that are QCL with the SS/PBCH block from which the UE determines that a CORESET for Type0-PDCCH CSS set is present
· Note: Q may be always known depending on where Q is signalled. This aspect is to be discussed further.
RAN1#98bis
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.

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

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
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