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This document summarizes documents submitted to RAN1#98 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 guidance RP-191581 provided by RAN plenary #84, the following list of items is given:
	Note that this may not be an exhaustive list of essential/optimization items. If something is neither mentioned as essential nor as optimization, no guidance from RAN is provided. 
Note that the completion of essential items in Proposal 1 means completion of the discussion of the item, and not necessarily mean the item will be supported in NR-U.
Note that further discussion on completing the design to support features already agreed that are not listed as optimisations should be considered as high priority as well.
7.2.2.1.2 DL signals and channels
Essential
· Channel occupancy time and frequency domain structure indication for LBE
· UE COT detection for FBE
· gNB control for the Cat 4 UL transmission (including CG) switching to cat 2 when fall in gNB COT
· Behavior when P/SP-CSI-RS fail to transmit due to LBT
Optimizations
· CSI-RS enhancement outside of DRS
· More opportunities for CSI-RS to compensate the possible LBT failure
· A-TRS directly QCL with SSB




Please note that there are statements in individual contributions that make the feature lead’s job unnecessarily complex, such as “our proposals can be found in [x].”
In the future please take care to capture proposals that are relevant for the (sub-)agenda item explicitly, not by reference! For other proposals, of course references are preferred.

Agreement(s) from RAN1 AH1901 (Taipeh):
	· The UE may assume the presence of a 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 



Agreement(s) from RAN1 96bis (Xian):
	Only further discuss/consider Option 3 (PDSCH mapping type B with durations other than 2/4/7 symbols) as potential enhancements to PDSCH transmissions. 



Agreement(s) from RAN1 97 (Reno):
	· Additional durations from 2 to 13 (other than 2, 4 and 7 which are already supported in Rel-15) for PDSCH mapping type B are supported. 
· FFS: A duration of 14
· FFS: DMRS aspects for the additional durations (Reuse Rel-15 patterns or define new patterns for these additional durations)
· Capability signalling will be defined for UEs to indicate which specific subset of durations are supported by the UE.
· FFS: Some duration(s) are mandatory for the UE to support for initial access
· FFS: PDSCH processing times for the new durations (reuse the values for durations of 2/4/7 or define new ones) 
· Note: PDCCH monitoring occasions will be discussed separately as part of the NR-U WI
· Note: This agreement does not by itself imply an increased requirement in PDSCH processing and decoding capabilities compared to Rel-15



PDSCH Transmission
Support for new PDSCH type B duration 14
Support: NTT DOCOMO, AT&T, Nokia
Not support: ZTE, Sanechips, Qualcomm
FL Suggestion: Postpone the discussion (keep FFS)
Processing time for new PDSCH type B durations
Option 1: Same as for 2/4/7:
ZTE, Sanechips, Samsung, CAICT, AT&T (use mapping type A rules for 8-14 symbols)
Option 2: For UE processing capability 1
if L > 7, d1,1 = 0
if L = 5 or 6, d1,1 = 7-L
if L = 3, d1,1 = 2+d
For UE processing capability 2
if L > 7, d1,1 = 0
if L = 5 or 6,
Alt. 1: d1,1 = 0
Alt. 2: d1,1 = d
Alt. 3: d1,1 = max{d-(L-4),0}
if L = 3,
Alt. 1: d1,1 = d
Alt. 2: d1,1 = max{d-(L-2),0}
Alt. 3: d1,1 = 1+d
LG
Option 3: For UE processing capability 1
if L > 7, d1,1 = 0
if L = 6, d1,1 = 1
if L = 5, d1,1 = 2
if L = 3, d1,1 = 3+min(d,1)
For UE processing capability 2
if L > 7, d1,1 = 0
if L = 6, d1,1 = min(d,2)
if L = 5, d1,1 = min(d,1)
if L = 3, d1,1 = d
Intel
Option 4: For UE processing capability 1
if L > 7, d1,1 = 0
if L = 6, d1,1 = 1
if L = 5, d1,1 = 2
if L = 3, d1,1 = 3+d
For UE processing capability 2
if L > 7, d1,1 = 0
if L >2 and L <7, d1,1 = d
Nokia, Nokia Shanghai Bell, NTT DOCOMO
FL Suggestion: Clarify Option 1, and check if this is agreeable
For UE processing capability 1
if L>=7 then d1,1 = 0
if L>=4 and L<=6, then d1,1 = 7-L
if L>=2 and L<=3, then d1,1 = 3+d, where d is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
For UE processing capability 2 
if L>=7 then d1,1 = 0
if L>=3 and L<=6, then d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH
if the number of PDSCH symbols allocated is 2
	if the scheduling PDCCH was in a 3-symbol CORESET and the CORESET and the PDSCH had the same starting symbol, then d1,1 = 3
otherwise d1,1 is the number of overlapping symbols of the scheduling PDCCH and the scheduled PDSCH.
DM-RS positions for new PDSCH type B durations 9, 10 (DSS)
Several documents suggest tables and designs including pos2/pos3 locations for additional DMRS locations, however Ericsson suggests that defining pos0/pos1 is sufficient for the WI.
FL Suggestion: Discuss position tables and if we need to specify DM-RS positions for pos2/pos3
Single symbol
Option 1:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ],7
	[image: ],4,7
	-

	10
	[image: ]
	[image: ],7
	[image: ],4,7
	-


Supported by: Huawei, HiSilicon
Option 2:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ],7
	[image: ],4,7
	[image: ],4,7

	10
	[image: ]
	[image: ],8
	[image: ],4,8
	[image: ],4,8


Supported by: vivo
Option 3:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ],7
	[image: ],5,7
	[image: ],5,7

	10
	[image: ]
	[image: ],8
	[image: ],3,8
	[image: ],3,6,9


Supported by: Nokia, Nokia Shanghai Bell
Option 4:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	l0’
	l0’, l6’
	l0’, l3’, l6’ 
	l0’, l3’, l6’

	10
	l0’
	[image: ], l8’
	l0’, l4’, l8’
	l0’, l3’, l6’, l9’


In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n, ln’ is incremented until when LTE CRS doesn’t exist on symbol l=ln’.
Supported by: Panasonic, Intel
Option 5:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ],7
	[image: ],4,7
	

	10
	[image: ]
	[image: ],7
	[image: ],4,7
	


Use time-domain shifting mechanism to avoid collisions with LTE CRS when dynamic spectrum sharing is enabled.
Supported by: Mediatek
Option 6:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ],8
	[image: ],4,8
	[image: ],3,6,9

	10
	[image: ]
	[image: ],8
	[image: ],4,8
	[image: ],3,6,9


If a DM-RS symbol for PDSCH mapping type B of length 9 and 10 coincides with any symbol containing LTE CRS as indicated by higher layer, the DM-RS can be shifted by one symbol.
Supported by: Samsung
Option 7:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ], 7
	
	

	10
	[image: ]
	[image: ], 7
	
	


Supported by: Ericsson

Double symbol DM-RS:
Option 1: Not supported for 9,10: Huawei, HiSi.
Option 2:
	 in symbols
	
DM-RS positions 

	
	PDSCH mapping type B dmrs-AdditionalPosition

	
	0
	1
	2

	9
	[image: ]
	[image: ],5
	

	10
	[image: ]
	[image: ],7
	


Supported by: vivo
Option 3:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2

	9
	l0’
	l0’, l5’
	

	10
	l0’
	l0’, l7’
	


In the table above, ln’ is set to be n. If LTE CRS exists on the symbol l=n, ln’ is incremented until when LTE CRS doesn’t exist on symbol l=ln’.
Supported by: Panasonic, Intel
Option 3:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2

	9
	[image: ]
	[image: ],7
	

	10
	[image: ]
	[image: ],7
	


Use time-domain shifting mechanism to avoid collisions with LTE CRS when dynamic spectrum sharing is enabled.
Supported by: Mediatek
Option 4:
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2

	9
	[image: ]
	[image: ],7
	

	10
	[image: ]
	[image: ],7
	


Supported by: Ericsson

Proposals for the online session:
Single symbol
1.) Choose one of the following locations for duration 9, or consider not supporting two additional DM-RS positions (where the proposals collapse to a single option).
	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3

	9
	[image: ]
	[image: ], 7
	[image: ],4,7
	[image: ],4,7

	9
	[image: ]
	[image: ], 7
	[image: ],5,7
	[image: ],5,7



2.) Choose one of the following locations (and corresponding shifting option) for duration 10, and/or consider not supporting two additional DM-RS positions (where the proposals collapse to a single option).

	  in symbols
	
DM-RS positions 

	
	PDSCH mapping type B
	

	
	dmrs-AdditionalPosition

	
	0
	1
	2
	3
	Shifting (see below)

	10
	[image: ]
	[image: ], 7
	[image: ],4,7
	[image: ],4,7
	Option B

	10
	[image: ]
	[image: ], 8
	[image: ],6,8
	[image: ],6,8
	Option A

	10
	[image: ]
	[image: ], 8
	[image: ],4,8
	[image: ],4,8
	Option B



Shifting options for above proposals to avoid collisions with LTE-CRS
-	Option A: if the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and the PDSCH allocation collides with resources reserved for a LTE CRS transmission, [image: ] shall be incremented by 1

-	Option B: if the PDSCH duration  is 10 OFDM symbols for normal cyclic prefix, and the PDSCH allocation collides with resources reserved for a LTE CRS transmission, shall be incremented by 1
Double symbol DM-RS:
3.) Proposed conclusion: PDSCH type B durations 9,10 will not be optimised for double symbol DM-RS for avoiding LTE-CRS collisions.

DM-RS positions design for new PDSCH type B durations
Option 1) Design one table where positions are applicable irrespective of DSS.
Supported by: Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, Ericsson
Option 2) DM-RS positions are shifted for durations 9, 10 if DSS is indicated (i.e., different positions as for DSS and non-DSS cases for those durations).
Supported by: vivo, Panasonic, Mediatek, Samsung, Intel
FL Suggestion: Discuss option 1 vs. option 2.
Channel occupancy time and frequency domain structure indication for LBE

Frequency domain occupancy information
Supported by field (e.g. bitmap) in GC-PDCCH: Qualcomm, ETRI, Lenovo, vivo (also possible through UE-specific PDCCH), Mediatek, Panasonic, Samsung, Intel, Nokia (from preconfigured set), Huawei, HiSi, LG, ETRI, Ericsson (re-use SFI indicating all UL for non-available carrier), Google (for 5 GHz band)
Supported by detection of PDCCH/DM-RS on each LBT bandwidth: NTT DOCOMO, ETRI, Charter, Lenovo
FL Suggestion: Discuss frequency domain indication in GC-PDCCH, but also UE behaviour in case that information is missing.

End of channel occupancy
Include “out-of-COT” state in SFI: Huawei, vivo (new “E” state), NTT DOCOMO (specific SFI index, e.g. 254), Spreadtrum (re-use “F” not followed by other D/U)
Include COT duration field e.g. in GC-PDCCH, DCI format 2_0: ZTE, vivo (ending symbol position), Nokia (slot/symbol where legacy SFI ends), Charter, Mediatek, Samsung, LG, Intel, Sony, ETRI, Qualcomm, CAICT
Different RNTI to indicate end: NTT DOCOMO
FL Suggestion: Discuss above proposals to converge on a single supported solution.
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