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This document summarizes documents submitted to RAN1#96 on AI 7.2.2.1.2.
The following is an excerpt from the work item description (RP-182878), highlighting added by the feature leader:
	-	Physical layer aspects including [RAN1]:
-	Frame structure including single and multiple DL to UL and UL to DL switching points within a shared COT with associated identified LBT requirements (TR Section 7.2.1.3.1).
-	NR-U supports a mode of operation where for a carrier and at least for intra-band CA on serving cells on unlicensed bands, all DL channels / signals can be operated with the same numerology, and all UL channels / signals can be operated with the same numerology. 
-	Subcarrier spacing for control and data channels supporting 15kHz, 30kHz, and 60kHz (air-interface perspective; optionality to be discussed separately).
-	Wide band operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with multiple serving cells, and wideband operation (in integer multiples of 20MHz) for DL and UL for NR-U supported with one serving cell with bandwidth > 20MHz with potential scheduling constraint subject to input from RAN2 and RAN4 on feasibility of operating the wideband carrier when LBT is unsuccessful in one or more LBT subbands within the wideband carrier. For all wide-band operation cases, CCA is performed in units of 20MHz (at least for 5GHz).
-	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.
-	PRACH including possible extension of PRACH 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 PRACH is supported, based on a unified design with 15 kHz and 30 kHz PRACH for meeting occupied channel bandwidth (OCB) requirements.
-	UL control including extension of PUCCH format(s) to support PRB-based frequency block-interlaced  transmission and use of Rel-15 NR PUCCH formats 2 and 3 for NR-U operation. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1.
-	UL data channel including extension of PUSCH to support PRB-based frequency block-interlaced transmission; support of multiple PUSCH(s) starting positions in one or multiple slot(s) depending on the LBT outcome with the understanding that the ending position is indicated by the UL grant; design not requiring the UE to change a granted TBS for a PUSCH transmission depending on the LBT outcome. The necessary PUSCH enhancements based on CP-OFDM. Applicability of sub-PRB frequency block-interlaced transmission for 60kHz to be decided by RAN1. 
-	SRS including the introduction of additional flexibility in configuring/triggering SRS in line with agreements during the study phase.
-	For DL data channel, support of multiple PDSCH starting positions.
[bookmark: _Hlk532422148]-	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.
-	DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure; 
 



According to the agenda, the following is to be treated in this agenda item:
	Impact to PDCCH, dynamic PDCCH monitoring, impact to PDSCH to support flexible starting point due to LBT, mechanism to detect COT start for UE power saving, COT structure indication



Agreement(s) from RAN1 AH1901 (Taipeh):
	· The UE may assume the presence of a [DMRS in GC-PDCCH or CSI-RS] signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving 



PDSCH Transmission
For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, these options have been identified as possible candidates:
Option 1: PDSCH(s) as in Rel-15 NR
Option 2: Punctured PDSCH depending on LBT outcome
Option 3: PDSCH mapping type B with durations other than 2/4/7 symbols
Option 4: PDSCH across slot boundary
Company views:
	Huawei, HiSilicon
	Observation 1: Allowing around 8 transmission starting opportunities within a subframe could achieve most of the gain from finer channel access granularity. 
Observation 2: PDSCH mapping types supported in NR R15 provide enough flexibility for PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst.
Proposal 1: Considering the tradeoff between channel access opportunities and UE implementation complexity, NR-U should allow around 8 starting points within a subframe.
Proposal 2: NR-U should consider the tradeoff between frequent start points and overhead introduced by scheduling large number of PDSCH with PDSCH mapping type B.
  • When a UE is configured with a BWP of 60 kHz SCS, it is beneficial to allow DL burst starts from every 7-OS. 
  • When a UE is configured with a BWP of 15/30 kHz SCS, it is beneficial to for a gNB to transmit a series of non-uniform mini-slot scheme with combination of maximum 3 PDSCHs with lengths of 2, 4, 7 symbols.

	ZTE, Sanechips
	Proposal 3: Among the candidates for PDSCH transmission in the partial slot,
  • Option 1 is preferred
  • If Option 3 is considered, only limited additional symbol number is additionally supported for type B mapping.

	Vivo
	Proposal 1: NR-U support option 2 and option 3, i.e. punctured PDSCH depending on LBT outcome with durations other than 2/4/7 symbols.

	MediaTek
	Observation 1: Type-A and Type-B slot lengths together are insufficient to cover every possible partial slot length immediately following a successful LBT. 1-, 3- or 5-symbol partial slots will still need a 1-symbol reservation signal.
Observation 2: NR rate-matching, slot aggregation and full slot first all help alleviate the concerns with Option 1, Option 2 and Option 3.
Observation 3: For the partial slot located at the beginning of a COT, it may be beneficial to consider slot aggregation (partial slot + the next full slot) when the number of symbols within this partial slot is relatively small.
Proposal 1: For the partial slot located at the beginning of a COT, NR-U should support any length full slot allocation for flexible TB to slot mapping using techniques such as NR rate matching and slot aggregation.
Proposal 2: To alleviate the need for any on-the-fly rebuilding of the initial transmission at the beginning of a COT after LBT success, always proceed with a full 14-symbol slot transmission first, followed by an NR rate-matched partial slot that may or may not be aggregated with the slot directly after the partial slot.
Proposal 4: Use only PDSCH type A mapping slots of any size ε [2, 14] as already defined in NR in NR-U with symbol number as defined in Proposal 3.
Proposal 5: Aggregate any single symbol partial slots resulting from uncertain LBT outcomes with a subsequent full slot in NR-U.

	Fujitsu
	Proposal 1: As one of the method of enabling flexible starting positions in an initial slot, NR-U supports shifted-and-punctured PDSCH depending on LBT outcome. 
Proposal 2: The contents of PDCCH(s) for the first PDSCH(s) in an initial slot are not changed depending on the shift of the starting positions. The same value but different interpretation are used for TDRA of the shifted-and-punctured PDSCH and normal PDSCH. 
Proposal 3: Further discuss the following options for the punctured PDSCH,
  • Alt-1: Shifting the DMRS positions of PDSCH mapping type A according to the obtained starting position, and determining the overflushed part based on the slot boundary.
  • Alt-2: Introducing a length of full slot for PDSCH mapping type B, and determining the overflushed part based on the slot boundary. 
  • Alt-3: Scheduling initial slot per half slot with PDSCH mapping type B. If the obtained starting position is in the first half slot, the overflushed part is determined based on the boundary of half slot. Otherwise, the overflushed part is determined based on the slot boundary.

	Oppo
	Proposal 2:    For the PDSCH transmission in a partial slot at least for the first PDSCH(s) transmitted in a DL transmission burst, Option 1(PDSCH(s) as in Rel-15 NR) should be used as the baseline and option 4(PDSCH across slot boundary) should be considered as well.

	Nokia, Nokia Shanghai Bell
	Proposal-3: If Alt1 is agreed, adopt two of 37 reserved SLIV values to configure PDSCH allocation, where S is the symbol after PDCCH and/or PDSCH-DMRS and L=[2,14]. 
Observation 1: For partial slot design, Option 1 by itself is not sufficient.
Observation 2: Alternative 1 (see Figure 2) has the best performance and its specification impact is minor.
Proposal-4: Support Alternative 1 (Option 1 + Option 3) as the first preference.

	AT&T
	Proposal 1: Specify PDSCH mapping type B for mini-slots of length {1,3,5-6,8-13} OFDM symbols
Proposal 2: Specify either the aggregation of partial slots with full slots using both PDSCH mapping type A and B or, alternatively, specify additional PDSCH lengths for mapping type B beyond the 13 OFDM symbol limit, e.g., 15-27 symbols

	Intel
	Proposal 4: option 3 and option 4 is not supported for partial-slot supports in downlink

	LG
	Proposal #3: For punctured PDSCH depending on LBT outcome, at least the followings should be discussed.
  • How UE derives starting/ending symbol index for the punctured PDSCH
  • How UE determines DM-RS symbol index for the punctured PDSCH

	Spreadtrum Communications
	Proposal 5: Option 2 should be supported in PDSCH transmission in the partial slot

	Sharp
	Proposal 2: 
  • For downlink initial partial slot design, it should be considered how long a gNB needs for PDCCH processing to update the DCI contents. 
Proposal 3: 
  • NR-U should support punctured PDSCH depending on LBT outcome.

	Qualcomm
	Proposal 3: The current NR PDSCH transmission type B scheduling with 2/4/7 symbol duration (mini-slot based scheduling) can be reused for NR-U, to allow flexible gNB COT starting points.
Proposal 4: The UEs that support mini-slot level PDCCH monitoring, may be configured with mini-slot based scheduling before and for an initial duration after the COT start, and with slot based scheduling for rest of the COT duration.
Proposal 10: PDSCH(s) as in Rel.15 NR is used to support multiple DL starting positions and other options are discussed only if there is time.

	NTT DOCOMO
	Proposal 1: PDSCH(s) as in Rel-15 NR is transmitted even in the partial slot such as first slot in the DL transmission burst.

	Ericsson
	Proposal 1   Rel-15 NR already provides enough flexibility to support multiple PDSCH starting positions within a slot. Only Option 1 is supported: PDSCH(s) as in Rel-15 NR.

	Samsung
	Proposal 1: For PDSCH transmission in the partial slot at least for the first PDSCH(s) transmitted in the DL transmission burst, Option 1 is preferred.

	CAICT
	Proposal 3: PDSCH mapping type B with durations other than 2/4/7 symbols is not supported in NR-U.
Proposal 4: PDSCH(s) as in Rel-15 NR should be as the baseline and PDSCH across slot boundary could be considered further.

	Motorola Mobility, Lenovo
	Proposal 1: Existing starting positions and ending positions specified for NR Rel-15 PDSCH mapping Type B are reused for NR-U.
Proposal 2: No need to introduce additional starting position and duration for NR-U.

	InterDigital
	Proposal 4: Scheduling multiple transmission opportunities for PDSCH over multiple TTIs each using a separate DL grant in the same PDCCH monitoring occasion is beneficial and should be supported in NR-U.

	Panasonic
	Proposal 8: Support puncturing the first PDSCH of NR-U DL burst in order to fit into the reduced available time resource due to LBT (i.e. support option 2).
Proposal 9: The same PDSCH mapping candidates in time domain as the Rel-15 are sufficient for the first PDSCH of NR-U DL burst (i.e. support option 1).

	Xiaomi
	Proposal 5: In addition to option 1 that already supported in NR, support option 4 for the PDSCH transmission on partial slot.



FL Summary:
One aspect to discuss is whether a number of starting candidates for DL transmissions in a subframe is necessary to be agreed/specified. Further discussion should cover potential enhancements to NR Rel-15 PDSCH as outlined in the TR as Options 2/3/4.
FL Proposal:
Support for the options listed in the TR has been shown as follows:
Only Option 1 (PDSCH(s) as in Rel-15 NR):	Huawei, HiSilicon, ZTE, Sanechips, NTT DOCOMO, Ericsson, Samsung, Intel
Option 2 (Punctured PDSCH depending on LBT outcome):
vivo, Fujitsu, Sharp, Spreadtrum Communications, Lenovo, Motorola Mobility, Panasonic
Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols):
vivo, Nokia, Nokia Shanghai Bell, AT&T, Mediatek
Option 4 (PDSCH across slot boundary):
Oppo, AT&T, CAICT, Mediatek, Xiaomi

Offline status:
No consensus to introduce additional limits (compared to NR Rel-15) on starting points within a subframe at this time.



Dynamic PDCCH Monitoring
Company views:
	Huawei, HiSilicon
	Proposal 7: NR-U should support a PDCCH search space configuration allowing different PDCCH monitoring occasion configuration before and after the first slot boundary of a COT in terms of UE power consumption.

	ZTE, Sanechips
	Proposal 1:
  •  Different PDCCH monitoring patterns can be performed for the first slot of the COT and the remaining slot(s) of the COT. And the PDCCH monitoring occasion granularity of the first slot is smaller than the remaining slot(s) of the COT.
  • In NR-U, determine slot index in parameter monitoringSlotPeriodicityAndOffset  of the search space relative to the starting slot of the COT.

	Vivo
	Proposal 3: NR-U supports dynamic PDCCH monitoring by explicit signalling.

	MediaTek
	Proposal 6: PDCCH monitoring for NR-U is only performed within a gNB initiated COT.
Proposal 7: PDCCH monitoring for slot-boundary-aligned PDSCH allocation and non-slot-boundary-aligned PDSCH allocation should be considered separately.

	Nokia, Nokia Shanghai Bell
	Proposal 1: Support three-phase PDCCH monitoring, where frequent WB-DMRS blind detection would be performed in Pre-COT phase, one or two implicitly determined monitoring occasions would be present in Sub-slot phase and configured monitoring occasions would be assumed in Full-slot phase. 
Proposal 2: A limited form (FFS) of CASE2 monitoring is supported as mandatory for UE supporting NR-U feature.

	Sony
	Proposal 1: Dynamic switching of PDCCH monitoring periodicity should be supported in NR-U.
  • For an initial slot on COT, PDCCH monitoring of non-slot-based scheduling should be applied.
  • For other slots, PDCCH monitoring of slot-based scheduling should be applied.

	AT&T
	Proposal 4: Support dynamic switching between PDCCH monitoring case 1 and case 2. A UE monitors for PDCCH candidates according to case 2. When a DL or UL assignment is received, in switches to PDCCH monitoring case 1 for the COT duration. Thereafter, it resumes PDCCH monitoring according to case 2.

	Intel
	Proposal 3:
  • PDCCH monitoring can be changed depending on the detection of DCI 2_0
    • If implicitly changed, the PDCCH monitoring inside the COT needs to be pre-configured
    • If explicitly changed, DCI 2_0 needs to have additional information on PDCCH monitoring periodicity
  • It is recommended to enhance the reliability of DCI 2_0/GC-PDCCH
    • Wideband DMRS is used
    • Interleaved CCE-REG mapping is used
    • Potential repetition of DCI 2_0 inside a same slot
  • UE power consumption can be improved by monitoring UE-specific DCI only when COT is indicated by DCI 2_0
  • How to support DCI 2_0 (or equivalent function) should be discussed further.

	LG
	Proposal #2: The time domain instances in which the UE is expected to receive PDCCH can change dynamically by
  • Alt. 1: Configuring different groups of search space sets and (de)activating a group of search space sets where one group of search space sets is configured with relatively finer time domain instances for PDCCH monitoring occasions and the other group is configured with sparser time domain instances.
    •  FFS on how to (de)activate a group of search space sets
  • Alt. 2: Configuring different parameter sets (e.g., monitoringSlotPeriodicityAndOffset, monitoringSymbolsWithinSlot) for each search space set and changing parameter set where one parameter set is configured with relatively finer time domain instances for PDCCH monitoring occasions and the other set is configured with sparser time domain instances.
    •  FFS on how to change parameter set

	InterDigital
	Proposal 1:   A UE is configured with a PDCCH DM-RS monitoring configuration to enable PDCCH DMRS monitoring for COT indication.
Proposal 2:   A UE is configured with multiple PDCCH monitoring configurations per search space to enable varying PDCCH monitoring patterns for resource allocation..
Proposal 3:   Upon detection of a COT indicating DM-RS, the UE switches PDCCH monitoring configurations for at least one search space to enable PDCCH monitoring for resource allocation.
Proposal 4:   A UE can use a first PDCCH monitoring configuration for the partial-slot beginning of a COT and switch to a second PDCCH monitoring configuration for the remaining full slots of a COT.

	Qualcomm
	Proposal 5: A UE may be configured with different CORESET configuration for an initial duration after COT start where mini-slot based scheduling is applied, compared to the CORESET configuration for the rest of the COT duration where slot based scheduling is applied.
Proposal 6: The frequency resources UE monitors for PDCCH may change dynamically, e.g., based on explicit signalling or determined implicitly through the gNB COT start detection. 
Proposal 7: In case the PDCCH monitoring configuration is changed dynamically based on COT, there should at least be a set of common PDCCH search space candidates in the PDCCH search space inside and outside the COT to enable UE to recover from missed detection of COT start
Proposal 8: The UE can switch PDCCH monitoring pattern dynamically based on any one of the following triggers:
  • Implicitly based on COT start detection and the slot boundary
  • Implicitly based on whether it was scheduled within a specific time window
  • Explicit indication in the common or UE specific PDCCH
Proposal 9: In NSA mode of operation, gNB can explicitly indicate/trigger PDCCH monitoring switch for the unlicensed carrier, using the licensed carrier.

	ITRI
	Proposal 1: RAN1 should support that a UE stops monitoring PDCCH within a time period configured by gNB in NR-U.
Proposal 2: After a COT initiated by the serving gNB, the UE stops monitoring PDCCH until the UE detects a signal for the transmission burst transmitted by the serving gNB.
Proposal 3: RAN1 should support that a UE suspends the BWP inactivity timer within a time period configured by gNB in NR-U.
Proposal 4: After a COT initiated by the serving gNB, the UE suspends the BWP inactivity timer until the UE detects a signal for the transmission burst transmitted by the serving gNB.

	Ericsson
	Proposal 2   Support dynamic indication of a change in the UE configured PDCCH monitoring occasions within a gNB acquired COT. FFS: details of signaling mechanism, e.g., group-common signaling.

	Samsung
	Proposal 6: NR-U support adaptation of PDCCH monitoring periodicity (e.g., larger PDCCH monitoring periodicity within a gNB’s COT than that for outside the gNB’s COT)

	CAICT
	Proposal 1: For PDCCH monitoring within a COT, finer searching space could be set for slots with LBT while other downlink slots could follow the semi-static PDCCH configuration.
Proposal 2: gNB configured PDCCH monitoring without COT detection could be considered in NR-U.

	Sharp
	Proposal 1: 
  • Wideband DMRS should be used in PDCCH monitoring occasions of initial partial slots.

	Spreadtrum
	Proposal 2: UE could implicitly switch the PDCCH monitoring based on the detection of ‘initial signal’ or deriving the information of the COT structure.

	Xiaomi
	Proposal 4: UE is not required to perform PDCCH decoding outside a COT.



From the WID (RP-182878)
	-	Physical layer aspects including [RAN1]:
DL control in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2) including extensions allowing dynamic change of the time domain instances in which the UE is expected to receive PDCCH, modifications enabling DRS transmissions without gaps in the time-domain, and indication of time domain COT structure;



FL Summary:
A majority of companies support different PDCCH monitoring patterns. There are some differences about how the UE determines which kind of monitoring pattern to follow.
It should be noted that the monitoring of PDCCH outside the gNB’s COT depends to some extent on the decision how the UE becomes aware of a DL burst by the serving gNB: If it relies on PDCCH detection, obviously some monitoring outside the COT is required. For this aspect, “PDCCH monitoring” goes beyond DM-RS detection.
FL Proposal:
For PDCCH monitoring efforts, refer to the following phases:
Phase A: Outside of gNB’s COT
Phase B: Beginning of gNB’s COT
Phase C: Remainder of gNB’s COT

1. Proposed Agreement:
NR-U supports different PDCCH monitoring efforts (e.g., different PDCCH monitoring efforts) in Phases A/B/C.

2. Discuss how the UE determines the transition from Phase B to Phase C
Determined relative to COT by the UE (e.g. before/after the first slot): Huawei, HiSilicon, ZTE, Sanechips, Nokia, Nokia Shanghai Bell, Sony, Intel, InterDigital, Qualcomm, Spreadtrum
Based on explicit signal from the gNB (e.g. DCI format 2_0): Vivo, AT&T, Intel, Qualcomm, ITRI
Both to be supported: Intel, Qualcomm

3. Discuss how the UE determines the transition from Phase A to Phase B
FL Proposal: Based on DL burst detection

4. Discuss how the UE determines the transition from Phase C to Phase A

5. Discuss PDCCH monitoring efforts in Phase B and C
Different monitoring periodicities, different CORESET configurations, different search space parameters, …?

6. Discuss PDCCH monitoring efforts in Phases A


DMRS Sequence Generation
Company views:
	Huawei, HiSilicon
	Proposal 8: The slot and symbol number used to generate DMRS sequence(s) of PDSCH(s) and PDCCH(s) in the 1st slot of a DL burst should be set to 0.  The slot numbers used to generate DMRS sequences of PDSCHs and PDCCHs in the following slots of the DL burst are relative to the slot where DL burst starts.
FFS: slot number setting where additional GC-PDCCH(s) are transmitted within the DL burst.  

	Vivo
	Proposal 5: Time dependent DMRS initialization for PDCCH/PDSCH should be solved to avoid regeneration of data when LBT fails.

	Nokia, Nokia Shanghai Bell
	Proposal 5: In NR-U support Physical channels and signals which are independent of time, i.e. not dependent on absolute frame/slot/symbol index.  
Proposal 6: In NR-U, determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol.
Proposal-7: PDCCH DMRS for burst detection are associated with a CORESET and its parameters can be higher-layer configured to a UE. 
FFS: whether and which parameters of PDCCH DMRS for burst detection are inherited from the associated CORESET or can be configured to be different  
Observation 3: Precoder cycling precoding improves burst detection reliability compared to WB precoder.

	MediaTek
	Proposal 3: Redefine the meaning of the symbol number parameter l defined in NR to “relative to the start of the COT” in NR-U at least for the initial transmission within a COT.

	Oppo
	Proposal 1:    DMRS sharing among channels within DRS should be considered in NR-U

	Sharp
	Proposal 4: 
  • Determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol.

	ZTE
	The PDCCH DMRS initialization relative to the PDCCH starting symbol.



FL Proposal:
Discuss the following proposals:
Option 1: At least for the first mini-slot/slot of a DL burst, the sequence generation of PDSCH/PDCCH DMRS for NR-U shall be independent of the symbol index and the slot index.
Supported by:
Option 2: Determine parameter l in the PDCCH DMRS initialization relative to the PDCCH starting symbol.
Option 3: No change to DMRS sequence generation
Offline conclusion
Revisit after progress on partial PDSCH issue

[bookmark: _GoBack]DL burst detection (+”Preamble”, +”WUS”, …) for power saving
Company views:
	Huawei, HiSilicon
	Proposal 4: The group common PDCCH together with its DMRS could be used by UE to identify the DL burst from serving cell. 
  • FFS: mechanism to reduce blind decoding of GC-PDCCH
  • FFS: wideband DMRS for GC-PDCCH
Proposal 5: NR-U should support to transmit GC-PDCCH and its DMRS multiple times within a gNB acquired COT.

	ZTE, Sanechips
	Proposal 4:  
  • NR-U UE is not expected to receive WiFi preamble.
  • Wideband DMRS is more appropriate for used to detect gNB’s DL transmission.
  • No further enhancement is needed for wideband DMRS.

	Vivo
	Proposal 2: NR-U supports GC-PDCCH DM-RS or CSI-RS as DL burst detection signal.

	MediaTek
	Observation 4: PDCCH is not suitable for transmission burst detection due to high UE detection complexity.
Proposal 8: Initial signal for DL transmission burst detection should be sequence based signal that allows low detection complexity.
Proposal 9: Performance comparisons between initial signal candidates should be evaluated. Performance metrics should include detection rate, false alarm rate, detection complexity, and UE power consumption.

	Oppo
	Proposal 3: Introduce more than one initial signals and COT indications within a COT can be considered.

	Nokia, Nokia Shanghai Bell
	Proposal-7: PDCCH DMRS for burst detection are associated with a CORESET and its parameters can be higher-layer configured to a UE. 
FFS: whether and which parameters of PDCCH DMRS for burst detection are inherited from the associated CORESET or can be configured to be different  
Observation 3: Precoder cycling precoding improves burst detection reliability compared to WB precoder.
Proposal 8: A UE shall not stop monitoring its serving cell even if it observes signals from other cells.
Proposal 9: In R16 NR-U, preamble composed of NR signals can be considered for the FBE operation.  
Proposal 10: If preamble composed of NR signals is supported, it should be transmitted and received without a need to change the numerology configured for data channels.

	Sony
	Observation 1: Detection of COT starting point is useful for dynamic switching of PDCCH monitoring periodicity.
Proposal 2: DMRS of GC-PDCCH carrying SFI should be used for the detection of DL transmission started from the beginning of a slot from serving gNB.
Observation 2: DMRS of GC-PDCCH carrying SFI cannot be located at the middle of a slot.
Observation 3: Use of only DMRS of UE-specific PDCCH is not appropriate for the detection of DL COT starting point from the detectability viewpoint.
Proposal 3: A signal prior to a NR-U DL transmission burst for power saving purpose should be introduced in addition to the DMRS of GCPDCCH carrying SFI.
Observation 4: To facilitate DL transmission burst detection, it is desirable that a signal for power saving purposes has low complexity and highly reliable detectability.
Observation 5: It should be carefully considered whether a signal for power saving purpose and for coexistence purposes are shared or separated.
Proposal 4: If it is concluded that the signal for power saving purposes and for coexistence purposes are shared, RAN1 needs to postpone the decision on the detailed design of the signal for power saving purpose until after the discussion of channel access extensions is concluded.

	AT&T
	Proposal 3: A UE initiates decoding of a PDCCH candidate after successful correlator-based energy detection
  • Correlator-based energy detection could be based on the PDCCH DMRS or a dedicated preamble 
  • A dedicated preamble could also be used to serve other purposes such as coexistence as well as CSI acquisition and fine time/frequency tuning

	LG
	Proposal #1: NR-U UE determines the presence of serving gNB’s DL transmission based on at least DM-RS in GC-PDCCH containing the information on COT structure.
  • UE is not required to use signals other than DM-RS in PDCCH to detect serving gNB’s DL transmission.
  • FFS on minimum transmission or occupied bandwidth for DM-RS
  • FFS whether DM-RS in PDCCH other than GC-PDCCH containing the information on COT structure also can be used to detect serving gNB’s DL transmission or not
  • FFS on UE behaviour if DM-RS in (GC-)PDCCH is detected but its CRC check is failed

	Spreadtrum Communications
	Proposal 1: The existing NR signal(s) with potential enhancement(s) such as CSI-RS, or PSS/SSS and 802.11a/802.11ax preamble should not be considered as the candidate signal for DL burst detection.

	Apple
	Proposal 1: For detecting of presence of DL transmission burst, RAN1 to decide between the following:
  • Option 1: leveraging and modifying existing NR reference signal, allowing a common time & frequency resource pattern, to facilitate UE detection
  • Option 2: Defining a new common pre-amble.

	Qualcomm
	Proposal 1: PDCCH wideband DMRS without precoder cycling is used for initial signal
Proposal 2: NR-U design should not preclude transmitting wideband DMRS inside COT

	NTT DOCOMO
	Observation 1: For the purpose of serving gNB’s transmission burst detection, any additional preamble transmitted at the beginning of the COT is unnecessary.
Proposal 2: It is beneficial that NR-U common DMRS sequence and RNTI are used for [PDCCH or GC-PDCCH] carrying information regarding COT structure. 
  • For identification of DL transmission burst from serving gNB, [PDCCH or GC-PDCCH] payload includes CELL_ID, MNC and system identification code in addition to information regarding COT structure including length of the COT.

	Google
	Observation 1. If a gNB transmits multiple wake-up signals within a COT, a UE may be triggered to monitor PDCCH in the middle of a gNB COT.
Proposal 1. gNB should transmit the COT structure indicator with the wake-up signal. The periodicity of the COT structure and the wake-up signal can be configured by RRC signalling.

	Ericsson
	Proposal 3   The UE may assume the presence of GC-PDCCH and its associated DMRS in a subset of PDCCH monitoring occasions to detect transmission bursts by the serving gNB.
Proposal 4   Adopting the 802.11a/ax preamble is not considered as an additional mechanism for NR-U for the purpose of DL transmission burst detection.

	Samsung
	Proposal 7: Wi-Fi preamble shall not be supported for NR-U.

	Charter Communications
	Observation 1: It is unreasonable to not utilize NR signals, such as DM-RS that will anyway be present, for any applicable initial signal use cases, such as serving cell transmission identification. 
Observation 2: Customizing the 802.11ax preamble to carry NR-U PCI/RAT identifier/COT structure would potentially make it non-compatible with legacy Wi-Fi devices in the 5 GHz band. Therefore, customized preambles are more suitable for ‘greenfield’ bands such as 6 GHz.
Observation 3: Certain network operators with existing 802.11ax deployments may want NR-U devices to also transmit/receive preambles in the case of overlapping, co-channel deployments.
Proposal 1:  For the case of 5 GHz, the use of preambles can be left to implementation. In terms of specification impact, two options are allowed for channel access: ED-only LBT and preamble+ED detection.
Proposal 2: For the case of 6 GHz, a customized preamble that also carries NR-U RAT identifier/PCI/COT structure and can be decoded by both NR-U and 802.11ax is suggested to be adopted and pursued further in consultation with other stakeholders in unlicensed spectrum.

	Intel
	Proposal 1: For the detection of downlink burst by PDCCH DMRS, 
  • Same precoding of PDCCH is assumed for contiguous RBs over the CORESET
UE may assume DMRS exists over all PRBs inside the CORESET

	Panasonic
	Proposal 5: Wideband DM-RS in CORESET of GC PDCCH is used for downlink burst detection.



From the WID (RP-182878)
	-	Physical layer aspects including [RAN1]:
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.



FL Summary:
Detection of a DL burst by various signals/channels is supported by companies as follows:
1. DMRS in PDCCH:
4. DMRS in PDCCH together with GC-PDCCH content:
3a. DMRS in GC-PDCCH together with GC-PDCCH content: Huawei, HiSilicon, NTT DOCOMO, Ericsson (up to UE implementation whether/how to use both)
3b. Wideband DMRS in GC-PDCCH together with GC-PDCCH content: AT&T (content decoding required), Intel, NTT DOCOMO, LG, Sony, Panasonic
6. Wideband DMRS in CORESET: Qualcomm, ZTE, Sanechips, LG 

2. DMRS in GC-PDCCH or CSI-RS (depending on configuration): Vivo (including CSI-RS)
5. DMRS in GC-PDCCH carrying SFI:
7. Wideband DMRS in CORESET transmitting GC-PDCCH: Panasonic

Proposal for online discussion:
Revise the agreement from AH1901 as follows:
· The UE may assume the presence of a [DMRS in GC-PDCCH or CSI-RS] signal, such as the DMRS in any [PDCCH or GC-PDCCH] transmission, to detect transmission bursts by the serving gNB, to enable power saving by not necessitating performing blind decodes to detect the transmission burst (Note: The power saving possibility by not necessitating blind decodes assumes performance relaxation for PDCCH decoding is not needed. Also, this does not mandate a two-step PDCCH decoding process for the UE with respect to DMRS detection).
· If a preamble transmitted at the start of a burst is agreed to be specified (this does not preclude usage of preambles by implementation), it may be used in addition to the DMRS of PDCCH/GC-PDCCH or any other signals in the gNB transmission to detect the start of transmission bursts by the serving gNB and potentially for power saving
· Note: Whether a preamble, if defined, can be used for power saving in all cases depends on the details of the design.
· Note: Other signals present in the transmission burst may also be used for the purpose of detection of the transmission burst
· FFS: Potential enhancements to DMRS design to address issues with detection probability
· The payload of a PDCCH and/or GC-PDCCH transmission can contain information regarding COT structure that may be used by the UE for power saving

COT Structure Indication
Company views:
	Huawei, HiSilicon
	Proposal 6: NR-U shall support indication of the COT structure. The potential enhancement based on DCI format 2_0 includes: 
  • Support dynamic switching the monitoring periodicity of GC-PDCCH carrying COT indication. 
  • Support indicating partial slot at beginning and end of a gNB acquired COT.
  • Support indicating “Pause” state indication within the COT
  • Support indicating actual transmission bandwidth of DL burst

	ZTE, Sanechips
	Proposal 2:  Rel-15 DCI format 2_0 for licensed band is sufficient to indicate the COT structure.

	Vivo
	Proposal 4: GC-PDCCH could deliver information on PDCCH monitoring indicator, COT information, and UL/DL configuration to help UE determine PDCCH monitoring occasions. Besides, its DM-RS could be also used as DL burst detection to trigger UE specific PDCCH monitoring.

	Panasonic
	Proposal 1: COT structure in time domain defines which symbols are DL, UL, and Flexible for one or a few slots, similar to Rel-15 Slot Format Indication.
Proposal 2: COT structure indication defining DL, UL and Flexible symbols can be used to dynamically indicate whether to skip some RRC configured PDCCH monitoring occasions. 
Proposal 3: For wideband operation, in addition to time domain structure defining DL, UL and Flexible symbols, COT structure defines in frequency domain which LBT sub-band(s) are accessible to the UE.
Proposal 4: Group-common PDCCH based on SFI-PDCCH is used to indicate COT structure info.

	Nokia, Nokia Shanghai Bell
	Observation 4: Operation based on legacy R15 DCI format 2_0 would result in significantly increased configuration overhead as well as additional complexity. 
Proposal 11: In NR-U, a GC-PDCCH may indicate in addition to a current SFI also
  • A slot where the current SFI starts
  • A slot where the current SFI ends
  • Next/upcoming SFI
Proposal 12: In NRU, support GC-PDCCH overriding the direction indicated in the previous GC-PDCCH

	Sony
	Proposal 5: COT structure should be indicated via a signal transmitted prior to DL transmission burst and GC-PDCCH.
  • A signal transmitted prior to DL transmission burst indicates that the channel will be occupied as DL during a duration from the detection point of the signal to at least the next occasion for GC-PDCCH.
  • GC-PDCCH indicates direction (DL, UL, or flexible), COT length, and potentially information related to occupied bandwidth.

	AT&T
	Proposal 5: If DCI format 2_0 is used to indicate the COT structure, additional enhancements are needed relating to the procedures according to which a UE monitors the GC-PDCCH. 
  • A UE can be configured to monitor for a GC-PDCCH on any OFDM symbol
  • If a UE does not detect a GC-PDCCH where it was configured to monitor for one, it does not commence monitoring for a PDCCH instead

	Intel
	Proposal 2: DCI format 2_0 in Rel-15 NR is used for the indication of the COT structure in the time domain
  • Dynamic indication of length of the COT is supported by DCI 2_0
  • We may define additional formats in Table 11.1.1-1 of 38.213 for COT structure indication
  • COT structure in frequency domain is included in DCI 2_0
  • Interpretation of “F” symbol indicated by DCI 2_0 can be discussed further.

	LG
	Proposal #4: In order to indicate COT structure in the time domain, discuss whether DCI format 2_0 can be used or new DCI format and corresponding behaviour need to be defined for NR-U operation.

	Spreadtrum Communications
	Proposal 3: It is necessary to indicate “out of COT” by DCI format 2_0
Proposal 4: Flexible symbol can be used to indicate out of COT, when there are no DL or UL symbols after flexible symbol for the whole periodicity of DCI format 2_0

	InterDigital
	Proposal 3: NR-U to consider defining new entries in the SFI table to account for partial slots due to the COT starting immediately after a successful LBT.

	Sharp
	Proposal 5: 
  • An SFI for a given COT should be able to be signaled multiple times within the COT. 
Observation 2: 
  • It does not make sense to indicate SFI of outside the current COT. 
Proposal 6: 
  • SFI indicates DL/UL/Flexible configuration of inside the COT in which the SFI is sent. 
Proposal 7: 
  • Frequency domain channel occupancy indication should be supported.

	Qualcomm
	Proposal 12: NR SFI can be enhanced to support the functionality of LTE-LAA C-PDCCH and support sub-band based channel access.
Proposal 13: At least some COT information, like the DL/UL/pause durations can be transmitted more than once within the COT.

	Ericsson
	Proposal 5   NR-U supports indication of end-of-COT and/or COT duration as an extension of SFI signaling in DCI Format 2_0. FFS: signaling details.

	Samsung
	Proposal 2: A set of symbols that is outside of gNB’s COT can be indicated as flexible.
Proposal 3: At least one or more modifications on SFI can be considered to indicate COT structure by GC-PDCCH.
  • Introduce COT duration (or validate SFI duration) field in GC-PDCCH
  • Utilize a set of reserved SFI values and/or increase the number of SFI bits per cell for supporting more SFI combinations
  • Behavior on flexible symbol outside of gNB’s COT
  • Etc.
Proposal 4: The indication of the COT structure can be transmitted more than once in a COT. Further studies are required whether the indicated COT structure can be changed by another indication.
Proposal 5: At least a indication to allow NR-U configured grant sharing should be informed together with information of COT structure for NR-U operation.

	Asustek
	Proposal 1: In NR-U, OFDM symbols outside COT are configured as ‘Flexible’ via semi-static RRC signalling. 
Proposal 2: NR-U supports SFI to indicate slot structure in NR-U with some modifications, e.g. supporting an aperiodic SFI, different monitoring periodicity for outside COT and inside COT. 
Proposal 3: For NR-U, beside CORESET monitoring, UE is allowed to receive  pre-configured resource on RRC signalled “flexible” symbols, at least for measurement, even not receiving SFI on monitoring occasion. 
Proposal 4: DCI format 2_0 or a signal indicating COT structure in NR-U is used to serve as an indication of start of a DL burst or COT by gNB. 
Proposal 5: For NR-U, how UE interprets the configuration for monitoring DCI format 2_0 is associated with the start of a DL burst or COT by gNB.

	CAICT
	Proposal 5: COT indication could be based on DCI format 2_0 with explicitly COT length indication.

	Motorola Mobility, Lenovo
	Proposal 3: The maximum number of DL/UL switching points within one COT needs further study.
Proposal 4: DCI format 2_0 is used to explicitly indicate the slot format for unlicensed spectrum.

	Apple
	Proposal 2: For detecting COT length information, RAN1 to decide between the following:
  • Option 1: modifying existing GC-PDCCH, including 
    • Prepend existing GC-PDCCH payload with a fixed-size header containing COT length information
    • Only allow a fixed size payload in DCI 2-0 for usage in unlicensed spectrum.
    • Define a common CORESET and aggregation level configuration for DCI 2-0 for usage in unlicensed spectrum
  • Option 2: a clean slate design with new DCI format, including the following information in payload
    • Cell specific identifier
    • COT length

	NTT DOCOMO
	Proposal 2: It is beneficial that NR-U common DMRS sequence and RNTI are used for [PDCCH or GC-PDCCH] carrying information regarding COT structure. 
  • For identification of DL transmission burst from serving gNB, [PDCCH or GC-PDCCH] payload includes CELL_ID, MNC and system identification code in addition to information regarding COT structure including length of the COT.

	Google
	Observation 1. If a gNB transmits multiple wake-up signals within a COT, a UE may be triggered to monitor PDCCH in the middle of a gNB COT.
Proposal 1. gNB should transmit the COT structure indicator with the wake-up signal. The periodicity of the COT structure and the wake-up signal can be configured by RRC signalling.
Proposal 2. For multiple COT structure indication transmission within a gNB initiated COT, study these options:
Option 1: Each COT structure transmission carries the same SFI combination index and with current slot index within the COT.
Option 2: Each COT structure transmission carries individual SFI combination index, each covers partial of the COT. 
Proposal 3. COT structure indication comprises at least following information
	Option-1
	1. SFI combination for whole COT
2. The total COT structure indication within the COT, i.e. N 	
3. The COT structure indication index, i.e. X = (0…N-1)
4. The monitoring duration of COT structure indication, i.e. Y.
5. The length of the last monitoring duration, i.e. Z.
Note: When a UE receives a COT structure indication, it can find the associated SFI index by calculate XY+1, and calculate the remaining COT length by (N-X)Y+Z, or (N-X)Y if Z is not conveyed.

	Option-2
	1. SFI combination for partial COT
2. The length for the current monitoring duration, i.e. Z.




	Xiaomi
	Proposal 1: UE can be informed of the slot format for a gNB MCOT at the beginning of the MCOT.
Proposal 2: Additional SFI can be transmitted multiple times within a COT.
Proposal 3: Further study how to indicate the slot format for partial slot.



FL Summary:
Many different aspects have been addressed by companies, such as what kind of information is required to be transmitted to the UE(s) regarding COT structure and possible enhancements, for which proposed behaviour, and if this should be signalled via PHY (e.g. enhanced DCI format 2_0) or RRC. It is suggested to first address the corresponding functionality before discussing the details how the corresponding information is conveyed.
Elements that could be conveyed with the COT structure indication include:
· DL/UL/flexible symbols (like SFI)
· PDCCH monitoring indicator
· SFI information (start/end/next)
· Occupied bandwidth
· COT Duration, End of COT
· Additional SFI entries for partial slots
· SFI of outside COT
· COT Sharing (e.g. for configured grant sharing)
CSI-RS
Company views:
	InterDigital
	Proposal 8:   For aperiodic CSI-RS, NR-U should consider enabling multiple CSI-RS resource transmission opportunities in the case that LBT is needed before the CSI-RS transmission.
Proposal 9:   For periodic and semi-persistent CSI-RS, NR-U should consider configuring a dedicated CSI-RS resource window that is transmitted in a periodically occurring time window that has a fixed duration, a configurable period and is subject to LBT.

	Qualcomm
	Proposal 11: Periodic, semi-persistent, and aperiodic CSI-RS can be supported in NR-U. The transmission and processing of periodic and semi-persistent CSI-RS should be conditioned on the detection that the transmission opportunity falls in the DL portion of a COT.

	Panasonic
	Proposal 6: The timing of CSI-RS should be allowed to shift based on LBT outcome
  • Method to avoid UE blind detection of CSI-RS due to shift should be studied

	Ericsson
	Proposal 6   NR-U supports configuration and DCI-based triggering of a set of aperiodic CSI-RS resources for tracking (ap-TRS) in which the UE may assume that the CSI-RS resources in the set are QCL’d with a SS/PBCH block with TypeC and with TypeD, if applicable. For NR-U, configuration of periodic CSI-RS for tracking (p-TRS) is not mandatory. FFS: minimum number of OFDM symbols between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources in the set.




Wideband operation
Company views:
	Huawei, HiSilicon
	Proposal 9: CORESET shall be configured within the bandwidth of sub-band LBT in NR-U, e.g. 20MHz.

	InterDigital
	Proposal 5:   A UE is configured with a set of COT indicating DM-RS configurations each linked to a set of active LBT subbands and to a set of PDCCH monitoring configuration switches for a set of search spaces.
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