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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper summarizes open issues on NR-U initial access and mobility for RAN1#97, based on the received contributions [1]-[25] and company inputs to the last FL summary of RAN1#96BIS [26]. 
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. 
· If agreed, it is expected that the feature lead will help preparing corresponding text proposals. 

[bookmark: _Ref521949043][bookmark: _Ref124589665][bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref129681832]Aspects for broadcast transmissions
DRS Transmission Window
The following agreement was reached in 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.

The company contributions on this sub-topic covered the following issues (some of the proposals were made in previous meetings):
DRS transmission window configurability:
· Benefits of configurable DRS transmission window need to be clarified
· Support: CATT, Nokia, NSB (fixed window with periodicity ≥ 20 ms)
· Support configurable DRS transmission window by reusing ssb-PositionsInBurst
· Support: Fujitsu, vivo (support configurable DRS transmission window, signaling FFS)

Max transmitted SSBs X, SSB shift granularity:
· X = 8
· Support: Qualcomm, MotM, Lenovo (Number of actually transmitted SSBs is semi-statically selected), Intel (with Cat-4 LBT), Fujitsu (with Cat-4 LBT), CATT (X = 4 for 15 kHz SCS), Samsung, WILUS, NTT Docomo, Sony (with Cat-4 LBT), Nokia, NSB (with CAT 4 LBT – addressed within our “Initial channel access” contribution), Huawei/Hisilicon (CAT4 LBT)
· X = 4 for 30 kHz SCS, X = 2 for 15 kHz SCS
· Support: Ericsson, LGE, Interdigital, Huawei, HiSilicon (if CAT2 LBT is expected), Spreadtrum (if code-point redesign is not supported), OPPO, Fujitsu (Cat-2 LBT), Potevio, Sony (Cat-2 LBT) , Nokia, NSB (with CAT 2 LBT – addressed within our “Initial channel access” contribution)
· SSB position shift granularity at the start of the DRS burst after LBT success:
· 1 slot 
· Support: Intel
· Half-slot 
· Support: Ericsson, Nokia, NSB, Qualcomm, ZTE, MotM, Lenovo, Sony, Potevio
· Concerns: Intel
· Half slot or 1 slot depending on the duration of optionally configured RMSI/OSI/paging of the same QCL assumption with SSB in a DRS block
· Support: Huawei, HiSilicon, vivo
· [DCM] Our preference is on half slot or 1 slot depending on configured DRS unit size. It may be similar to this option, but not sure whether exact same or not. 

Proposal:
· The number of SSB candidate positions within a DRS transmission window, and therefore the DRS transmission window size, is not configurable.

Proposal:
· If gNB sends SSB at SSB candidate position A, the gNB is not expected to transmit SSB at SSB candidate position A+X and above within the same DRS, where X=8, and A+X<Y
· [DCM] As discussed at the last meeting, we have concern on this proposal. We would like to support the DRS burst transmission with up to 8 DRS units having one slot size for each DRS unit. So, we are fine with the proposed text only for the case where DRS unit size is half-slot. For the case where DRS unit size is one-slot, if gNB sends SSB in slot A, the gNB is not expected to transmit SSB in slot A+X and above within the same DRS, where X=8.
· [Huawei, HiSilicon] We think gNB should be allowed to transmit DRS with 8 beams where DRS unit of each beam 1 slot.
· 
Proposal from online:
· If gNB sends the first SSB of a burst at SSB candidate position A, the gNB is not expected to transmit another SSB in the SSB burst at SSB candidate position A+8 and above within the DRS transmission window (Candidate positions cannot exceed Y)


Proposal:
· Maximum number of actually transmitted SS/PBCH blocks within the DRS transmission window is selected as one of the following: 
· Opt1: X = 2 for 15 kHz SSB SCS, X = 4 for 30 kHz SSB SCS
· Opt2: X = 8 for 15/30 kHz SCS
· Duration of the transmitted DRS within the window is up to 1 ms when employing Cat-2 LBT

Timing and QCL determination
The following agreement was recorded in RAN1#96BIS:
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).

Serving cell timing determination:
· Alt-1a: The candidate SSB positions within the DRS transmission window are indexed from 0,…,Y-1 using 3 bits in PBCH DMRS sequence and [2] bits in PBCH payload. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure.
· FFS: inclusion of half-frame indicator bit.
· Support: Qualcomm, Ericsson, Fujitsu, Sharp, Intel (though PBCH soft-combining complexity is increased), WILUS, OPPO, Xiaomi, vivo, Potevio, NTT Docomo, ZTE, Sanechips, Spreadtrum, Sony
· Concern: Nokia, NSB: the NR-U TR clearly states that there is no restriction versus the NR Rel-15 baseline regarding the number of beams to be managed. Hence we do not see any reason to restrict Q to 1,2,4,8.
· Alt-1b: UE determines the timing  , where c is the cycle index indicated in the MIB,  is the number of cycled/transmitted DMRS sequences from the total number of sequences  and given by the number of transmitted beams Q as the maximum integer multiple of the number of transmitted beams per cell , subject to _tot, and s denotes the DMRS sequence index.
· Support: Nokia, NSB (Q in MIB, cycle index c in PBCH payload), NTT DOCOMO, Huawei, HiSilicon (same PBCH DMRS for same QCL assumption, Q in PBCH payload for timing acquisition), vivo, Sony
· Concerns: Intel (Increase in hypotheses for PBCH DMRS detection)
· Note: Alt-1a and Alt-1b are equivalent for Q= 1, 2, 4, 8
· Alt-1b’c: UE determines the timing within half-frame based on PBCH DMRS sequence pattern and information carried in PBCH payload. PBCH DMRS sequence pattern reflects “effective SSB index” (effective index is between 0 and N-1 where N is related to number of actually transmitted SSBs) and hence it is cyclically mapped to candidate positions according to the number of transmitted beamsvalue of N. PBCH payload carries remaining information regarding the number of transmitted beams and the position index at the start of current DRS burstto derive candidate position index of the detected SSB, i.e., value of N in MIB and index of “candidate position group” consisting of N candidate positions (it is called as “cycle index” in Huawei’s contribution) in PBCH payload.
· Note: Alt-1b’c is equivalent to Alt-1a and Alt-1b for N=X=8.
· Note: N can be same or different from number of SSB beams. Since small value of N requires large number of bits for indicating “candidate position group index (cycle index)”, minimum value of N can be limited to be larger than a certain value e.g., 2. 
· Support: NTT DOCOMO,Huawei, HiSilicon (if soft combing of SSB is expected in initial access)
· [DCM] Actually we have been proposing Alt-1a and other Alt (similar to Alt-1b and hence it is sometimes referred as Alt-1b’, e.g., in Huawei’s contribution) instead of original Alt-1c in several meetings. Therefore, I modified Alt-1c to such Alt-1b’ since there is no company supporting original Alt-1c.
· Alt-1d: UE determines the timing within a half-frame based on PBCH DMRS sequences and information carried in PBCH payload (4 bits from Rel-15 timing information bits in PBCH and 1 bit from Rel-15 CORESET#0 SCS indication in MIB). The PBCH DMRS sequence index is cyclically mapped to candidate SSB positions according to the maximum allowed number of actually transmitted SSBs (i.e. X= 8). The 4 bits (for 15KHz SCS) or 5 bits (for 30KHz SCS) in PBCH payload carries information of the start timing of the DRS burst within the half-frame. Initialization of the pseudo-random sequence generator for SIB1 PDSCH DM RS sequence is based on an associated SSB candidate position index. Half-frame timing information is included in SIB1. 
· Support: MotM, Lenovo, Sony
· Benefit/justification for the proposal: For rate-matching purpose, the UE needs to be indicted regarding SSB candidate positions with actual SSB transmissions. However, in unlicensed spectrum, the SSB candidate positions with the actual SSB transmissions are determined dynamically subject to LBT and accordingly, that information may not be suitable to be included in SIB1. Thus, it would be better to include the start timing information of the DRS burst within the DRS transmission window as a physical layer payload of PBCH.   
· Alt-2: Timing information of the potential SS/PBCH block location in a DRS window shall be carried by the DMRS of PBCH in the corresponding SS/PBCH block.
· FFS: Increase in number of PBCH DMRS sequences beyond 8.
· Support: Samsung, LGE, MediaTek
· Concerns: Sharp
· Alt-4: Frame timing is obtained with the combination of PBCH DMRS sequence and SSS. SS/PBCH block index is derived with the combination of PBCH DMRS sequence and SSS.
· Support: LGE, MediaTek
· Concerns: NTT Docomo (feasibility/reliability of the phase difference detection has never been evaluated), Samsung (potential impact on NR-U SSS design)

Proposal: 
· The mechanism to determine serving cell timing is based on: 
· 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
· UE does not require PBCH decoding of neighbor cell(s) for measurements in case explicit time allowance for acquisition of SSB index is not provided

QCL assumption FFS points:
The following agreement were reached in RAN1#96 and RAN1#96BIS:

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: 
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.

Discussion:
· For QCL assumption for SSBs in different candidate positions within a DRS transmission window: 
· Alt 1: No QCL assumption for SSBs in different candidate positions within a DRS transmission window
Support: CATT
· Alt 2: QCL assumption for SSBs in different candidate positions if PBCH DMRS sequence index is the same
Support: Huawei, HiSi, NTT DOCOMO (if Alt-1b’ for timing determination is applied), MotM/Lenovo (Reuse Rel-15 PBCH DMRS sequences) 
· Alt 3a: gNB indicates a parameter Q (number of non-QCL SSBs) to derive QCL assumption between different SSB positions within a SMTC window. Q can take values from 1/2/4/8.
Support: Xiaomi, LGE (within PBCH), Qualcomm (within PBCH), Nokia, NSB (in RMSIMIB, with no restriction related to Q), NSB, Ericsson (in RMSI), NTT DOCOMO (in MIB), Huawei, HiSilicon (Q is carried in PBCH for timing acquisition)

· Alt 3b: QCL between different SSBs positions within a DRS transmission window is up to gNB implementation and can be informed to UE via SIB and/or RRC.
Support: NTT Docomo
[DCM] This is additional information for the case of SSB repetition with same beam within a burst. So, this is not alternative solution to above Alt.1/2/3a.



Proposal: 
· gNB indicates a parameter Q to derive QCL assumption between different SSB positions within a DRS transmission window. 
· FFS: Q is indicated in MIB or RMSI
· FFS: Restriction on the range of Q.


Discussion: 
· Determination of QCL relation between SS/PBCH blocks across DRS transmission windows is to be discussed further based on the following:
· Alt-1: UE may assume a QCL relation between SS/PBCH blocks detected with the same PBCH DMRS sequences across different DRS transmission windows
Support: Samsung, MotM/Lenovo (re-use Rel-15 PBCH DMRS sequences)
· Alt-2: UE may assume a QCL relation between SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(SS/PBCH candidate position index, N), where N is the number of non-QCL SSBs, N ≤ X
· FFS: How to indicate or determine N
   Support: Nokia, NSB, NTT Docomo, Potevio, OPPO (N in PBCH), Fujitsu (N in RMSI), Spreadtrum, LGE, Ericsson (N in RMSI), ZTE, Qualcomm

Neighbor cell measurements:
· UEs can perform RRM measurements of neighbor cells without needing to read the PBCH of the measured cells
· Support: Nokia, NSB, Sony, OPPO (FFS how to determine N), MotM, Lenovo, Samsung, LGE, Ericsson, ZTE, Huawei, HiSilicon, OPPO, MediaTek, vivo
Proposal:
· UEs can perform RRM measurements of neighbor cells without needing to read the PBCH of the measured cells

Miscellaneous:
· DRS unit size information (i.e., half-slot or one-slot) is implicitly or explicitly informed to UE: NTT Docomo
· RMSI can be transmitted on SCells in Rel. 16 NR-U: AT&T
· Second-chance DRS transmissions within DRS period or additional DRS periodicities: Qualcomm, OPPO, ZTE, Sanechips
· If gNB’s LBT success is too late to transmit the entire DRS burst in the DRS transmission window, gNB can transmit a part of the DRS burst which maintains QCL relation across DRS transmission windows: MotM, Lenovo 
· Use 1 bit in SIB1 to indicate half-frame timing information for 30KHz SCS: MotM, Lenovo
· Monitoring slots for Type 0 PDCCH search space are the slots which have SSBs with the same QCL beam index as detected SSB: vivo
Impact of LBT on SS/PBCH Block positions 

Company support on the alternatives identified during the SI for SSB transmissions after LBT success are as follows, though many contributions in RAN1#97 did not cover this issue. The former Alt-1 (Shift SSB(s) in time to the next transmission instance) is considered to no longer be applicable due to the agreement on QCL assumption for SSBs in the same candidate position across DRS transmission windows and having the same PBCH DMRS sequence index. 

Alternatives:
· [bookmark: _GoBack]Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Support: Samsung (FFS: DRS start flexibility), Qualcomm, Nokia, NSB, Charter Communications, LGE, ZTE, Sanechips, Fujitsu, Huawei, HiSi, Spreadtrum (with code-point redesign), IDT, CATT, KT, OPPO, vivo, NTT Docomo, WILUS, Sharp, MediaTek, InterDigital
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Support: WILUS
· Alt-4: Fixed SSB positions but introduce additional indices (e.g., up to 16/64)
· Support: Xiaomi, ITL
· Alt-5: Shift SSB(s) in time to the next transmission instance without extra time offset indication
· Support: Huawei (single-beam only case), HiSi


Indication of actually transmitted SSBs in RMSI:
· Potential enhancements are needed for how gNB indicates actually transmitted SSBs to UE in RMSI 
· Support: Fujitsu, Sony, OPPO (indicate in PDCCH), Xiaomi, MotM, Lenovo (8 bits in SIB1), NTT DOCOMO (no change on ssb-PositionsInBurst, but having new information on DRS unit size)

This topic has been partially captured by the timing and QCL recovery discussion already. May want to discuss after we reach agreement there.

Proposal: 
· DRS transmission within the DRS transmission window commences from an SSB candidate position that clears LBT and spans up to X consecutive SSB candidate positions.
· FFS: Whether SSBs corresponding to candidate positions that did not clear LBT at the start of the DRS transmission window are also included in the DRS transmission burst, e.g., via wrap-around to the end of the burst
· FFS: Indication of time shift offsets between start of DRS transmission window and actual start of DRS transmission
· FFS: Potential enhancements for indication of transmitted SSBs in RMSI


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
Company views on candidates discussed in previous meetings (not mutually exclusive): 

· Alt-1a: Introduce additional paging occasions (POs) 
· Support: ZTE, KT, Intel, Nokia, NSB
· Alt-1b: Additional PDCCH monitoring occasions within POs
· Support: KT, NTT Docomo
· Alt-2: FDM of POs to reduce overhead
· Support: CATT
· Alt-3: Separate transmission timing configuration for paging not contained in the DSCH
· Support: Samsung
· Alt-4: Pages or paging indications should share COT with SSB occasions/DRS
· Support: Qualcomm, Charter Communications, Ericsson, Nokia, NSB, Xiaomi
· Alt-5: PO of a UE can be associated to a single BWP within the wideband CC in order to reduce the paging overhead
· Support: Huawei, HiSi
· Alt-6: Time index used to derive the association between SSB and paging/OSI PDCCH outside DRS
· Support: Spreadtrum
· Alt-7: UE can be configured with conditional Paging Occasions that are dynamically triggered
· Support: Interdigital
· Alt-8: The number of PDCCH monitoring occasions in each PO can be larger than the number of actual DRS unit transmissions within DRS transmission window
· Support: NTT Docomo
· Alt-9: paging monitoring occasion of a UE can be shifted in a time window within a DRX cycle.  
· Support: Huawei, HiSi

There are many proposals for paging enhancements. To further structure the discussion, may want to separate the cases under two Rel.15 NR paging mechanisms
· Search space 0 is configured for paging, where the Rel.15 NR behavior is to use Type0-PDCCH search space for Type2-PDCCH monitoring
· PO is configured for paging, where the Rel.15 NR allows configuring periodic POs for UE to monitor Type2-PDCCH.

Proposal: 
· Pages or paging indications can share COT with SSB occasions/DRS
· FFS: Paging indications for pages/additional POs outside DRS

Open issues for random access
Enhancements in RACH resources
Description:
Company support for the potential RACH enhancements listed in the TR are as follows:
· 1a: Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· Support: Qualcomm, Intel, Sony, MotM, Lenovo, ZTE, vivo, NTT Docomo, Nokia, NSB, Panasonic, LGE
· Needs clarification since initial UL BWP is 20 MHz: MediaTek 
	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, Mediatek, ZTE, OPPO, Huawei, HiSi, NTT Docomo, LGE, Panasonic, vivo
· Oppose: Samsung
· 2b: For idle mode UE, scheduling of PRACH resources via paging (Note: potential inefficiency in network resource due to paging across multiple cells)
· Support: - LGE
· Oppose: Nokia, NSB, Ericsson, Charter Communications, Mediatek, Samsung, ZTE, vivo, InterDigital
· 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
· Support: InterDigital, Panasonic, LGE, MediaTek, Huawei, HiSi, Nokia (already covered by 2a), NSB, ITRI (with signalling of potential offsets between DRS and RO)
· Oppose: Samsung, ZTE
· 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: Mediatek, ZTE, 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, vivo (SSB&RO mapping rule is revised to QCLed SSB group and RO mapping rule)
· Oppose: Ericsson, Charter Communications, Mediatek, Nokia, NSB (as supported by NR Rel-15), ZTE
Several companies also suggested that no RACH enhancements are necessary and that Rel-15 RACH configuration is sufficiently robust (Xiaomi, Ericsson, Charter Communications)
Enhancements for Msg3
LS from RAN2 has the following text:
“RAN2#105bis has discussed multiple transmission opportunities for Msg3 and its impact to Msg2. It was assumed that multiple grants can be provided to UE via single or multiple RARs. RAN2 is aware that RAN1 is discussing a proposal for COT sharing between Msg2 and Msg3 and this may be relevant to this discussion.”
The FL understanding is that COT sharing between Msg2 and Msg3 is already supported and is up to gNB scheduling. Company views on multiple Msg3 transmissions are as follows.
· RAR Grant indicates different UL BWPs for Msg 3 and multiple msg3 tx opportunities: 
· Support: MotM, Lenovo, LGE, vivo, Samsung, Huawei, HiSi, Qualcomm
· FFS: Intel

Miscellaneous enhancements:
· RMSI can indicate additional RACH resources outside initial UL BWP. DCI indicates COT reservation to cover the RACH occasions, after which UEs can select LBT category. Prioritize RACH transmissions over same-symbol PUCCH/PUSCH transmissions from different UEs: Qualcomm
· CFRA and CBRA supported on NR-U SCells: Ericsson, Qualcomm
· Define CFRA for SR to enable reduction of periodic PUCCH: Fujitsu
· Allow neighboring ROs within same RACH slot to be non-consecutive to create LBT gaps: Samsung, LGE
· Discuss how to determine RA-RNTI value for the extended RAR window with consideration of the case when SFN is unknown to the UE: LGE
· Maximum RAR window size extension beyond 10 ms: NTT Docomo, ZTE, Sanechips
· [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.
· Improvement of contention resolution for CBRA by allowing the UE to choose between 8 different DMRS PUSCH sequences: Nokia, NSB
· Separate PRACH configuration periodicities for idle and connected mode UEs: OPPO
· 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
· UE detects excessive LBT failures for RA preamble and msg3 transmissions by using a timer or a counter mechanism: MediaTek 
· Validation of a RACH occasion should depend on the positions of the configured DMTC window: MediaTek
· Multiple Msg1 transmission opportunities within an SSB-RO association period to decrease the PRACH transmission delay: Samsung
· Support UE behavior to suppress PRACH and SR transmissions within the Serving Cell SMTC window: Ericsson

Proposal:
· A single RAR grant may indicate multiple Msg3 transmission opportunities for a UE
Proposal: 
· Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
· FFS whether multiple PRACH resources within same BWP or across BWP or across cells
· Dynamic scheduling of PRACH resources via DCI is supported for connected mode UEs 

[bookmark: _Ref521949024]Open issues for RRM and RLM

RRM measurements and metrics 
The following agreement was made in RAN1#96:

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




Summary of company views on RRM measurements and metrics:

· RRM measurements (based on SS/PBCH blocks and/or CSI-RS) are performed only within configured RRM-DMTC
· Support: Nokia, NSB, Intel, Sony
· Enhance RSSI measurements with a new type RSSI measurement that only measures signal energy from the devices of non-serving operators and other RATs.
· Support: ZTE
· Multiple DRSs (SSBs) within active downlink BWP could be used for RRM measurement
· Support: LGE
· Rel-13 LAA RSSI and channel occupancy framework is a baseline for NR-U, i.e., duration, periodicity and timing offset of RSSI measurement window are configured as part of RRM measurement configuration. RSSI threshold for CO is also configurable.
· Support: Ericsson, Samsung, NTT Docomo, Intel, Nokia, NSB, Huawei, HiSi, ZTE (duration of RSSI measurement is configured based on symbol level), Sanechips
· Measurement and reporting of RSSI and Channel Occupancy is done per subband
· Support: LGE, Samsung, Nokia, NSB
· Oppose: ZTE, Sanechips
· Channel load metric based on UL LBT success rate to reflect the ability of NR-U nodes to transmit on the medium
· Support: Qualcomm
· Channel load metric based on missing RLM-RS transmissions
· Support: Qualcomm
· Reporting of a new medium contention/load metric other than channel occupancy is not needed
· Support: Huawei, HiSi, Nokia, NSB (unless need is demonstrated), Ericsson
· Consider configuration of mobility CSI-RS time instances as an offset to an associated SSB for RRM measurements where CSI-RS is transmitted as part of DRS transmission: Intel
Proposal: 
· RRM measurements (based on at least SS/PBCH blocks and/or CSI-RS) are performed only within configured RRM-DMTC
· Sub-band-level RSSI and channel occupancy measurements in a wideband operation scenario are supported
· FFS: reporting of a new medium contention/load metric other than channel occupancy
RLM in-sync/out-of-sync evaluations and enhancements

Description:
The following agreement was reached in RAN1#96:
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 RLM measurement window:
· RLM measurement window can be defined to be the same as the DRS transmission window by default for SSB-based RLM
· Support: NTT Docomo, CATT, Intel (UE derives window from frame timing and half-frame bit), Samsung, LGE, ZTE, Sanechips, Ericsson (configured to UE as Serving Cell SMTC window)
· RLM measurement window periodicity can be configured by RRC signalling, which is different from type0-PDCCH CSS set periodicity
· Support: Sharp

Company views on in-sync (IS) evaluation:
· Detected RLM-RS (e.g., SSB or CSI-RS) within RLM DMTC are utilized for in-sync evaluations
· Support: Sony, ZTE, Samsung, Nokia, NSB, CATT
· Explicit indication is provided by gNB to assist IS evaluations if RLM-RS transmissions did not occur due to LBT failure 
· Support: Huawei, HiSi, OPPO
· Oppose: Nokia, NSB
· L1 samples outside DMTC window are also used for in-sync evaluations (upon detection of RLM-RS from gNB)
· Support: Ericsson, LGE (In-Sync is indicated if channel quality of at least one SSB (including DRS) is above Qin), Qualcomm, Nokia, NSB, Huawei HiSilicon, CATT
· Oppose: Spreadtrum
· Indicate a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS
· Support: Intel, vivo, ZTE

Company views on out-of-sync (OOS) evaluations:
· RS outside RLM measurement window are not considered for OOS evaluations.
· Support: Samsung, Qualcomm, Spreadtrum, ZTE, Nokia, NSB
· Object: Ericsson, Huawei, HiSilicon
· Network provides explicit indication if RLM-RS was not transmitted to assist OOS evaluations
· Support: Huawei, HiSilicon
· Oppose: Nokia, NSB
· 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: Ericsson, vivo, OPPO, ZTE, Qualcomm, 
· [Huawei, HiSi] RLM-RS not transmitted should be excluded from OOS counting.
· [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: Ericsson, LGE (high traffic load scenario), ZTE (RLF if RLM-RSs have not been successfully detected for a period of time), Sanechips, Qualcomm
· New metric for RLM should be introduced to reduce the false-alarm in RLM/RLF.
· [bookmark: OLE_LINK2]Support: OPPO, ZTE (to reduce the impacts of LBT failure)
· Leave to RAN2/RAN4: Spreadtrum
· UE could update its timer (e.g. N310) based on the gNB’s indication by reporting non-detected RLM RS
· Support: Huawei, HiSilicon
Other issues:
· Consider mechanisms of aperiodic TRS triggering as part of DRS with low DCI overhead, e.g., broadcast or group-cast TRS trigger: Intel
· Support CSI-RS transmission scheme 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
· Support explicit configuration of the Serving Cell SMTC window duration associated with the serving cell parameters ssb-PositionsInBurst and ssb-PeriodicityServingCell: Ericsson
· UE determines the presence of RLM-RS based on DL transmission burst and COT indication from the gNB: InterDigital
· RLM measurement should consider the additional opportunistic RLM-RS transmission in one triggered window in the case no RLM-RS sample within the DRS transmission window has been detected after a pre-defined time duration: Nokia, NSB




Proposal: 
· UE may assume the RLM measurement window to be the same as the DRS transmission window for SSB-based RLM
· Samples outside the RLM-DMTC are not considered for OOS evaluations.
· FFS: Consideration for IS evaluations
· Non-detected RLM-RS should not be treated as equivalent to OOS since they may have not been transmitted due to LBT failure
· FFS: Enhancements for OOS criterion that account for missing RLM-RS
· FFS: The need for new RLF conditions that take missing RLM-RS or UL LBT into account
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