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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
This paper summarizes open issues on NR-U initial access and mobility for RAN1#96, based on the received contributions [1]-[26]. No agreements were reached on this agenda item during the RAN1#1901 ad hoc meeting.
· 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: _Ref71620620][bookmark: _Ref124671424][bookmark: _Ref129681832]Aspects for broadcast transmissions
Description:
TR 38.889 has the following text on SSB transmission procedure:

The following modifications to initial access procedures have been identified as beneficial:
-	Modifications to initial access procedures considering limitations on access to the channel based on LBT. NR-U needs to develop techniques to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure.
For SS/PBCH block transmission, it is recommended to define a mechanism to transmit SS/PBCH blocks dropped due to LBT failure. It is also recommended to define a mechanism when specifications are developed for UE(s) to determine the frame timing and QCL assumptions from the detected SS/PBCH block. The feasibility and benefits of beam repetition for soft combining reception of SSBs within the same DRS transmission may be further considered.
For SS/PBCH block transmissions as part of DRS, it is considered beneficial to expand the maximum number of candidate SS/PBCH block positions within the DRS transmission window to Y, for e.g., Y ≤ 64, where the choice of Y may depend on the numerology of the SS/PBCH blocks. The transmitted SS/PBCH blocks do not overlap and the maximum number of transmitted SS/PBCH blocks is X within DRS transmission window with X ≤ 8. The time-domain positions of the actually transmitted SS/PBCH blocks are selected from a set of Y candidate SS/PBCH block positions. Proposals for shift granularity between candidate time domain SSB positions/candidate groups of SSBs, duration of DRS transmission window, and duration of the transmitted DRS within the window including SSBs and other multiplexed signals/channels, were discussed without reaching consensus, and can be considered further when specifications are developed.  

DRS Framework, Timing and QCL determination
The company contributions on this sub-topic covered the following issues:
DRS transmission and DMTC window size:
· At most 4 ms DRS transmission window
· Support: Samsung
· At most 5 ms DRS transmission window
· Support: Potevio, Nokia, NSB, Charter Communications, Sony, Sharp, LGE, NTT DOCOMO, ZTE, OPPO
· At most 6 ms DRS transmission window
· Support: LGE, NTT DOCOMO, OPPO, Xiaomi
· 32 ms DRS transmission window for 15 kHz SCS and 16 ms DRS transmission window for 30 kHz SCS
· Support: MotM, Lenovo
· Up to 6 ms DMTC window configurable at UE
· Support: Sharp
· Larger than 5ms and smaller than 10ms
· Support: Huawei, HiSilicon

Max candidate positions Y, max transmitted SSBs X, SSB shift granulaity:
· Y = 64
· Support: CATT, MotM, Lenovo, Qualcomm,Xiaomi
· Y = 32 for 30 kHz SCS, Y = 16/32 for 15 kHz SCS
· Support: vivo, Spreadtrum (Y = 16 for 15 kHz)
· Y = 24 for 30 kHz SCS, Y = 12 for 15 kHz SCS
· Support: NTT Docomo, OPPO
· Y = 20 for 30 kHz SCS, Y = 10 for 15 kHz SCS
· Support: Ericsson, NTT Docomo, LGE, Potevio, Nokia, NSB, Intel, Sony, Interdigital, Sharp, ZTE, OPPO
· Y = 16 for 30 kHz SCS, Y = 8 for 15 kHz SCS
· Support: Spreadtrum, Samsung
· Y should depend on the DRS window and SCS of DRS
· Support: Huawei, HiSilicon
· X = 8
· Support: Qualcomm, MotM, Lenovo, Intel (with Cat-4 LBT), CATT, Oppo, Samsung, Sharp
· 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  
· SSB position shift granularity at the start of the DRS burst after LBT success:
· 1 slot 
· Support: Intel, vivo
· Half-slot 
· Support: Ericsson, vivo, Huawei (CA case), HiSi, SpreadtrumNokia, NSB
· 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

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, Huawei, HiSi, Fujitsu, Sharp, NTT Docomo, Intel (though PBCH soft-combining complexity is increased), WILUS, OPPO, Xiaomi
· 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 X 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, NTT DOCOMO, Huawei, HiSilicon
· [LGE] In my understanding,  is dependent on the number of transmitted beams. If this is the case, the number of transmitted beams also should be indicated in the MIB.
· [HW] According to our understanding, S_tx represent for the number of SSB positions in a DRS window, in which the PBCH DMRS is not cycled. It is related to the number of transmitted beam and duration of a DRS block
· Alt-1c: 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” and hence it is cyclically mapped to candidate positions according to the number of transmitted beams. PBCH payload carries information regarding the number of transmitted beams and the position index at the start of current DRS burst.
· Support: NTT DOCOMO
· Alt-1d: The candidate SSB positions within the DRS transmission window are indexed from 0,…,Y-1 using 3 bits in PBCH DMRS sequence and 3 bits in PBCH payload. UE determines serving cell timing from the SSB candidate position index based on Rel-15 procedure (but the highest bit in PBCH-DMRS, i.e. b2, is not involved in timing derivation).
· FFS: inclusion of half-frame indicator bit.
· Support: Spreadtrum (The highest bit in PBCH-DMRS can be used for ease of soft combining of PBCH payload within DRX window3 bits in PBCH payload can provide more flexibility for gNB to make PBCH payload of actually-transmitted SSBs common, as mentioned in our “code-point redesign” solution. We don’t see the need of saving bit of PBCH payload for time index, i.e. 3 bits. Timing can be derived as i = 4*o_SSB + i_SSB,  where o_SSB is index of group which is conveyed by PBCH payload, and i_SSB is index of beam within a group which is conveyed by PBCH-DMRS) 
· 
· 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 (16 DMRS sequences), LGE, Sharp, ZTE
· Concerns: Mediatek (DMRS detection performance)
· Alt-3: Timing information is carried by PBCH payload (4 bits) only. 
· FFS: additional slot-level shift information in SIB1.
· Support: MotM, Lenovo, Sony
· 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
QCL assumption:
· Alt-1: UE may assume a QCL relation between SS/PBCH blocks with the same PBCH DMRS sequences across different DRS transmission windows
· Support: ZTE, MotM, Lenovo, NTT Docomo, Sony, Huawei, HiSilicon (FFS: QCL relationship between SSB with different PBCH DMRS.)
· Alt-2: 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, can be regarded as QCLed
· FFS: How to indicate or determine N
· Support: Ericsson, Qualcomm, vivo, Intel, Fujitsu, LGE, Samsung, Nokia, NSB, NTT DOCOMO, Sharp, OPPO,Xiaomi
· Alt-3: SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(SS/PBCH candidate position index, X)
· Support: LGE
· Alt-4: SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(SS/PBCH candidate position index*number of configured Type0 PDCCH in one slot/2, N), where N is the number of non-QCL SSBs, N ≤ X, can be regarded as QCLed
· FFS: How to indicate or determine N
· Support: vivo
[vivo] Alt-4 is the same as alt-2 when one DRS unit includes one SSB, 7-symbol Coreset0+RMSI, i.e. number of configured Type0 PDCCH in one slot is 2. But when large RMSI size case, 7-symbol is not enough to carry the RMSI. In this case, one DRS unit includes two SSBs, 14-symbol Coreset0+RMSI is needed, where the number of configured Type0 PDCCH in one slot is 1. In this case, the two SSBs in the same DRS units should have the same QCL.

 [NTT DOCOMO] we think above alternatives are not exclusive in our proposal, such as in case that cyclic wrapping for the mapping between effective SSB index and candidate position is applied, and PBCH DMRS sequence pattern reflects effective SSB index.
· Alt-5: SS/PBCH blocks which are detected across DRS transmission windows and have the same value of modulo(i_SSBi_SSB’, N), where i_SSB’=modulo(i_SSB, 4), and i_SSB is index of beam within a group which is conveyed by PBCH-DMRS (e.g. the two LSBs), and N is the number of non-QCL SSBs, N ≤ X4, can be regarded as QCLed
· FFS: QCL relationship between SSB with different value of modulo in some cases, e.g. two SSBs in a slot can be QCLed in some deployments.
[Spreadtrum]: For Alt-2 and Alt-3, if it is common understanding “that UEs can perform RRM measurements of neighbor cells without needing to read the PBCH of the measured cell”, we fail to understand that the QCL assumption is still related to the SS/PBCH candidate position index, since the SS/PBCH candidate position index perhaps should be derived from PBCH payload. It is true that the modulo operation will cancel the MSBs of SS/PBCH candidate position index, but to address “that UEs can perform RRM measurements of neighbor cells without needing to read the PBCH of the measured cell”, we may only face to how to derive QCL assumption from bits of PBCH-DMRS. 

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, MotM, Lenovo, Samsung, LGE, NTT Docomo, Ericsson (One-time reading of neighbor cell PBCH is acceptable), ZTE , Huawei, HiSilicon, OPPO
Miscellaneous:
· Allow carriers without SSB transmissions: AT&T
· Second-chance DRS transmissions within DRS period: Qualcomm, OPPO
· Coarser SSB raster for NR-U, e.g., 20 MHz: Intel

FL Note: Many of the above alternatives for timing and QCL determination have been summarized with examples in this spreadsheet accompanying this document. 

Proposal: 

· The maximum DRS transmission window duration (and consequently serving cell DMTC) is not extended beyond NR SMTC of 5 ms
· The maximum number of candidate SSB positions within DRS transmission window, Y, is selected as one of the following:
· Opt1: Y = [10] for 15 kHz SCS, Y = [20] for 30 kHz SCS
· Opt2: Y = 64 for 15/30 kHz SCS
· FFS: Whether SSB position shift granularity for start of DRS after LBT succeeds is one slot or half-slot.
· 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


Proposal: 
· UE determines serving cell timing from the detected SSB candidate position index based on Rel-15 procedure, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1.
· The mechanism to determine serving cell timing is selected from one of the following:
· Alt-1: The SS/PBCH block position index is detected using a combination of PBCH DMRS sequence and [2 or 3] bits in the PBCH payload, and potentially repurpose bits in MIB
· FFS: Inclusion of half-frame indicator
· Alt-2: The SS/PBCH block position index is detected using PBCH DMRS sequence only
· FFS: If number of PBCH DMRS sequences is increased beyond 8
· Note: Y is limited to 8 if number of DMRS sequences are not increased
· Alt-3: Timing information is carried by PBCH payload (4 bits) only. 
· FFS: additional slot-level shift information in SIB1.
· Alt-4: Frame timing is obtained with the combination of PBCH DMRS sequence and SSS. SS/PBCH block position index is derived with the combination of PBCH DMRS sequence and SSS.
Proposal:
· [bookmark: _GoBack]Guidelines for selection of one of the above alternatives for cell timing determination are as follows:
· The design of SSB transmission in NR-U needs to comply following Rel-15 NR principles. 
· Within a PBCH TTI (i.e., 80ms), same MIB contents (except for SFN) are carried in every SSB.
· UE is not required to decode PBCH of every neighbor cell for RRM measurement 
· Following design targets can be considered for the design of SSB transmission in NR-U. 
· No (or minimum) change of PBCH DMRS sequence design from Rel-15 NR
· Full flexibility on number of actual transmitted SSBs within a DRS burst i.e., from 1 to X
· Full flexibility on starting position of DRS burst within a DRS transmission window i.e., from candidate position #0 to #Y-1
· Support transmitting one SSB per slot or two SSBs per slot using the two SSB positions
· Support asynchronous neighbor cell measurement
· Same (or less number of) PBCH DMRS sequence used for QCLed SSBs across DRS bursts
· PBCH bits for timing related information as common as possible within a DRS burst to facilitate PBCH soft-combining within the burst
· Companies are encouraged to bring their proposed design of SSB transmission in NR-U with following information
· Whether/how to achieve each of above design targets
· How to carry information necessary for frame timing determination (e.g., how many bits in PBCH payload is used) 




Proposal: 
· Determination of QCL relation between SS/PBCH blocks 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
· 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
· Alt-3: 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, X)
· Alt-4: 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*number of configured Type0 PDCCH in one slot/2, N), where N is the number of non-QCL SSBs, N ≤ X
· FFS: How to indicate or determine N






Offline consensus:
· 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
· FFS: QCL assumption for SSBs in different candidate positions within a DRS transmission window and across DRS transmission windows


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: 

Alternatives:
· Alt-1: Shift SSB(s) in time to the next transmission instance 
· Support: LGE, Spreadtrum (with code-point redesign), CATT, ITL, Sony, MotM, Lenovo  
· Alt-2: Cyclically wrap the SSBs dropped due to LBT failure around to the end of the burst set transmission
· Support: Samsung, Qualcomm, Nokia, NSB, Charter Communications, LGE, ZTE, Sanechips, Fujitsu, Huawei, HiSi, Spreadtrum (with code-point redesign), IDT, CATT, KT, OPPOOppo, vivo, NTT Docomo, WILUS, Sharp  
· Alt-3: Network to flexibly position SSB index and indicate the timing information
· Support: MotM, Lenovo, Sony
· 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: Oppo, Huawei (single-beam only case), HiSi


Proposal: 
· DRS transmission within the DRS transmission window commences from a 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 are also included in the DRS transmission burst
· FFS: Indication of time shift offsets between start of DRS transmission window and actual start of DRS transmission

[Huawei] If LBT succeed very late in the DRS window, the remaining SSB position within DRS window might be smaller than X (configured transmitted SSB)

[vivo] X is the maximum number of transmitted SSBs in one DRS transmission. How many actually transmitted SSBs is transmitted is up to implementation

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, Huawei, HiSilicon, Nokia, NSB,Xiaomi
· Alt-1b: Additional PDCCH monitoring occasions within POs
· Support: KT, NTT Docomo, Huawei, HiSilicon
· 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


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, InterDigital, Intel, Sony, MotM, Lenovo, ZTE, vivo, NTT Docomo, Nokia, NSB, Panasonic
	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 (as supported for NR Rel-15), NSB, Qualcomm, InterDigital, Mediatek, ZTE, OPPOOppo, Huawei, HiSi, NTT Docomo, Fujitsu, LGE, Panasonic
· 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, Panasonic
· Oppose: Nokia, NSB, Ericsson, Charter Communications, Mediatek, Samsung, ZTE
· 2c: Additional, new RACH resources are used immediately following detection of DRS transmission
· Support: InterDigital, Panasonic, LGE, Huawei, HiSi, Nokia (as supported for NR Rel-15 and already covered by 2a), NSB
· Oppose: Nokia (2c already covered in 2a), 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, InterDigitalHuawei, 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, ZTE, Nokia, NSB (as supported by NR Rel-15)
· Oppose: Ericsson, Nokia, NSB, Charter Communications, Mediatek
Several companies also suggested that no RACH enhancements are necessary and that Rel-15 RACH configuration is sufficiently robust (Ericsson, Charter Communications, Nokia (for TDM), NSB)
Miscellaneous enhancements:
· RMSI can indicate additional RACH resources outside initial UL BWP. Introduce gaps between consecutive TDM-ed RACH occasions for UL LBT. DCI indicates COT reservation to cover the RACH occasions, after which UEs can select LBT category: Qualcomm
· CFRA and CBRA supported on NR-U SCells: Ericsson
· Define CFRA for SR to enable reduction of periodic PUCCH: Fujitsu
· RAR Grant indicates different UL BWPs for Msg 3 and multiple msg3 tx opportunities: MotM, Lenovo, LGE
· Allow neighboring ROs within same RACH slot to be non-consecutive to create LBT gaps: Samsung, LGE
· [Huawei, HiSilicon] 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
· RAR Grant indicates different UL BWPs for Msg 3: OPPO
· Random selection of RO(s) per certain time period (in case of LBT failure): LGE

Proposal: 
· 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 TR states the following with respect to reporting of RSSI and other metrics:
It is beneficial to support reporting of RSSI. Furthermore, it is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI, as also noted from a higher-layer perspective in Section 7.2.2.3.1. The exact definition of the metric(s) can be considered when specifications are developed.



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 by introducing RSSI Type 1: the measured signals potentially transmitted from all devices belonging to the same or different operators/RATs. RSSI Type 2: the measured signals potentially transmitted from the devices not belonging to serving operator and the devices of 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
· Support: Ericsson, Samsung, NTT Docomo, Nokia, NSB, Huawei, HiSi, LGE, ZTE
· Measurement and reporting of RSSI and Channel Occupancy is done per subband
· Support: InterDigital, LGE
· Channel load metric based on LBT success rate to reflect the ability of NR-U nodes to transmit on the medium
· Support: Qualcomm
ProposalOffline consensus: 
· NR-U supports at least the functionalities of Rel-13 LAA RSSI and channel occupancy reporting as a baseline
· RRM measurements (based on at least SS/PBCH blocks and/or CSI-RS) are performed only within configured RRM-DMTC
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenarioand 
· reporting of a new medium contention/load metric other than channel occupancy


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

Description:
The TR states the following regarding RLM:

For RLM on an unlicensed SpCell and RRM, it is considered beneficial to configure DMTCs (DRS Measurement Time Configuration) in which UEs can perform measurements. It is considered beneficial that these time-domain measurement windows for RRM measurements and RLM can be different. RLM DMTC may coincide with DRS transmission window. For RLM, the following recommendations are considered beneficial for further design when the specifications are developed:
-	Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS. The 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 RLM measurement window 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 determined when the specifications are developed.

[LGE] In my opinion, some points are needed to be discussed before considering the following details on RLM. First of all, what is the linkage between DRS transmission window and RLM DMTC? Our view is that DRS transmission window is configured as RLM DMTC for PCell/PSCell on unlicensed band. Secondly, is it allowed that RLM-RS can be transmitted outside RLM DMTC? If we can conclude this question, then we can discuss how to perform RLM outside RLM DMTC.

Company views on IS evaluation:
· Detected RLM-RS (e.g., SSB or CSI-RS) within RLM DMTC are utilized for in-sync evaluations
· Support: Sony, ZTE, Samsung, Spreadtrum, Nokia, NSB
· Explicit indication is provided by gNB to assist IS evaluations if RLM-RS transmissions did not occur due to LBT failure 
· Support: Huawei, HiSi, OPPOOppo, Sony
· 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), Sony, Qualcomm, Nokia, NSB, vivo, Huawei HiSilicon
· 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 (based on threshold)

Company views on OOS evaluations:
· Samples outside DMTC 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: Mediatek, Sony, 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: InterDigital, Ericsson (option 2), vivo, OPPOOppo, ZTE, Qualcomm
· [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)
· New metric for RLM should be introduced to reduce the false-alarm in RLM/RLF.
· [bookmark: OLE_LINK2]Support: OPPOOppo, Spreadtrum, ZTE (to reduce the impacts of LBT failure)
· UE could update its timer (e.g. N310) based on the gNB’s indication by reporting non-detected RLM RS
· Support: Huawei, HiSilicon


Proposal: 
· A RLM measurement window for serving cell RLM measurements based on either SSBs and/or at least CSI-RS configured in DRS is supported in NR-U.
· A RLM measurement window for serving cell RLM measurements is supported in NR-U at least based on RLM-RS in the DRS, i.e., SSBs and CSI-RS (if configured).
· FFS: Whether or not an RLM measurement window is supported for other cases (e.g., outside DRS)
· Within a configured RLM measurement window-DMTC, L1 samples corresponding to detected RLM-RS are considered for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Indication of non-detected RLM-RS to higher layers
· FFS: Explicit indication of RLM-RS transmission status by gNB
· FFS: Detected L1 samplesRLM-RS outside the configured RLM measurement window-DMTC can also be utilized for in-sync evaluations   









Proposal: 
· Samples outside the configured RLM-DMTC are not considered for OOS 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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