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Introduction
This paper provides a summary of the papers submitted to 7.2.2.1.1. It also serves as summary for offline discussion on the agenda item.
From RAN #84, the plenary provided guidance on the features to be prioritized as listed below. We will take that into consideration during the offline discussion.
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)
· Also impact default PDSCH SLIV table configuration
· RMSI (PLMN) transmission in Scell
Optimizations
· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs

Discussions
DRS
[bookmark: _Ref24716531]SS/PBCH block transmission pattern within a slot
The following agreement was made in RAN1#96bis:
	Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot

· For SSB positions and type-0 PDCCH monitoring in a slot, only Alternatives 1 and 2 (from the previous agreement in RAN1#96bis) are considered further.
· Note: As per the previous agreement one of Alternative 1 and 2 is to be selected at RAN1#97

Furthermore, the following was concluded in RAN1#97:
· Conclusion: There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 




Amongst the relevant contributions[footnoteRef:1], the following options are explicitly proposed: [1:  Contributions are labelled by the first author] 

· Alt1/Rel15 (3 companies): ZTE(support Legacy SSB position and legacy/new new Type-0 PDCCH positions in a slot ), Spreadtrum, ETRI
· Alt-2 (3 companies): ZTE (preferred), Huawei, Samsung
· Alt-3 (2 companies): Vivo, NTT DOCOMO

	Company Name
	Position

	ZTE, Sanechips
	Proposal 6: Two options of Type-0 PDCCH positions can be considered for Rel-16 NR-U. Among them, option 2 is preferred.
▪	Option 1: Legacy SSB positions  and legacy Type-0 PDCCH positions in a slot
◦	 If only one Type0-PDCCH CSS within a slot is configured, the number of symbols of CORESET#0 can be configured as 1 or 2. Correspondingly, first symbol index for Type0-PDCCH CSS can be 0, 1, or 2. 
◦	If two Type0-PDCCH CSS within a slot are configured, the number of symbols of each CORESET#0 can only be 1. Correspondingly, first symbol index for Type-0 PDCCH CSS is 0 if SS/PBCH block index is even or 1 if SS/PBCH block index is odd.
▪	Option 2 (i.e. Alt 1 in RAN1 #97 agreements): Legacy SSB positions and new Type-0 PDCCH positions in a slot
◦	Support Type0-PDCCH in symbol (#0, #1) for length-2 CORESET#0 and symbol (#0) for length-1 CORESET#0 at least for the first SSB in a slot
◦	Support Type0-PDCCH in symbol (#6, #7) for length-2 CORESET#0 and symbol #6 or symbol #7 for length-1 CORESET#0 for the second SSB in a slot

	Huawei, HiSilicon
	Proposal 1: Alternative 2 shall be adopted in NR-U as SSB position and Type-0 PDCCH monitoring in a slot.
-	Support Type0-PDCCH in symbol (#0, #1) for length-2 CORESET 0 and symbol (#0) for length-1 CORESET 0 for the first SSB in a slot.
-	Support Type0-PDCCH in symbol (#7, #8) for length-2 CORESET and symbol (#7) for length-1 CORESET 0 for the second SSB in a slot.

	Vivo
	Proposal 1: For NRU, the monitoring symbol of odd SSBs for Type 0 PDCCH is changed to symbol#7 when Coreset#0 is configured as 1 symbol length and Type 0 PDCCH is configured as 2 search spaces per slot.

	Samsung
	Proposal 1: For NR-U DRS, Alt 2 shall be supported.

	Spreadtrum Communications
	Proposal 1: The SSB pattern of Case A (15kHz SCS) and Case C (30kHz SCS) as defined in R15 FR1 is supported.

	ETRI
	Observation 1: It would be better to move forward with the legacy SSB pattern for progress.

	NTT DOCOMO, INC.
	Proposal 1: Monitoring of Type0 PDCCH of the 2nd SSB at symbol#7 is supported only for one symbol CORESET#0 case.
· When two symbols CORESET#0 is configured and Type0-PDCCH monitoring occasions for two search space sets are configured in a slot containing candidate SSB positions, UE assumes that 2nd SSB position in a slot is not used for SSB transmission so that an effective number of search space sets per slot is 1.




Discussion: 
Most companies noted the conclusion from RAN1#97 and – not being aware of any consensus, assumed that the Rel-15 pattern applies and thus made no explicit proposals. No consensus is apparent.

Following the RAN1 #97 conclusion, we do not plan to spend any offline time to discuss this topic.

How to satisfy OCB requirement during SSB transmission
SS/PBCH block transmission itself will not satisfy the OCB requirement. Currently we agreed to allow other signals/channels to be multiplexed with SSB transmission, including RMSI PDSCH, CSI-RS, other PDSCH, etc. 
	Agreement: 
· Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (tentatively referred to as the NR-U DRS) can be beneficial for
· Meeting OCB requirement
· Compacting signals in time domain to limit the required number of channel access and for short channel occupancy
· Support of stand-alone NR-U deployments
· Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 
· Resolution of PCI confusion in an NR-U deployment
· Note: The NR-U DRS (it can be called something else in the future) can include signals and channels that are required for cell acquisition etc. and is not limited only to reference signals
· The transmission of additional signals such as OSI and paging within the NR-U DRS is allowed and can be beneficial
· Note: This does not imply that RMSI-CORESET+PDSCH and CSI-RS can only be transmitted as part of the NR-U DRS, and does not imply that these are necessarily part of all NR-U DRS transmissions.

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
· CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.




Discussion: No proposal was recorded for this topic. Related to this topic:
· the SCell RMSI section 2.1.5
· CSI-RS Mux-ing section 2.1.7.
No further investigation is needed specifically for this section.

[bookmark: _Ref24720140]Type0-PDCCH monitoring

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

Agreement:
· The SCS for all SSBs and Coreset #0 on a carrier is always the same for operation of NR in unlicensed spectrum.
CORESET #0 frequency domain resource configuration should be 48 RBs for 30KHz SCS and 96 RBs for 15KHz SCS.

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Concluded in RAN1#97:
· Conclusion: There is no consensus between Alternative 1 and Alternative 2 on the topic of SSB positions and type-0 PDCCH monitoring in a slot. No further online or scheduled offline discussions will be conducted on this topic. If there is consensus on such enhancements, the topic can be revisited in the Rel-16 NR-U work item. 

Agreement in RAN1#98bis:
If 2 bits can be found to not be necessary in the current MIB, then Parameter Q is indicated in the MIB by a serving cell. Otherwise, Q is indicated in the RMSI.


Agreed in RAN4#92:
· RAN4 agreed to place the SSB close to the edge of sub-bands 
· RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
· RAN4 agreed to introduce single default sync raster for each sub-band

Way forward in RAN4 agreed in RAN4 (R4-1912982)
· Considering a frequency offset of minimum 3 full RBs at 30kHz SCS to account for intra-carrier guardbands for each sub-band, define the following GSCN points:
· GSCN = {[8996], 9010, 9024, [9037/9038], 9051, 9065, 9079, 9093, 9107, [9121], [9218], 9232, 9246, 9260, 9274, 9287, 9301, 9315, 9329, 9343, 9357, [9371], 9385, 9402, 9416, 9430, 9444, 9458, [9471], [9485], [9499], [9513]}
· Proposed values are conditioned on NR minimum channel guard bands
· If it is later found that larger guard bands are needed, it is common understanding that some of the SSB points may need to be changed




A few companies made proposals addressing various aspects of PDCCH monitoring:
· (Frequency) CORSET0 – SSB frequency offset @ 30 kHz SCS[footnoteRef:2]: [2:  For the purposes of discussion, we only list company positions for 30 kHz SCS. For 15 kHz SCS, the company positions tend to be similar, where relevant, with some small differences.] 

· Fixed (5 companies): ZTE (0 RBs), Huawei (LUT[footnoteRef:3]), Vivo (0 RBs), MediaTek (0 RBs), Qualcomm (LUT) [3:  Look-up table per LBT sub-band, indexed on GSCN.] 

· Two values (3 companies): Nokia (0, 2 RBs), Samsung (0, 4 RBs), NTT DOCOMO (0, 2 RBs)
· > Two values (2 companies): Ericsson (0, 1, 2, [3, 4] RBs), LGE (-1, 0, 2, 1 RBs)
·  (Time) Configuration of O & M parameters:
· Only values that have/increase likelihood of SSB & RMSI in the same slot (8 companies): ZTE, Huawei, Vivo, Mediatek, OPPO?, Spreadtrum, Xiaomi, NTT DOCOMO
· [Legacy] Rel-15 Table 13-11 in 38.213: Ericsson, Qualcomm
· Other proposals for time configuration for PDCCH monitoring:
· “[indicate] whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used”: DOCOMO
· PDCCH in symb#6/7 for odd SSB index, see Alt-3 in 2.1.1 (3 companies): Huawei, Vivo (1 symb), NTT DOCOMO (1 symb)
· PDCCH in symb#0 for odd SSB index (2 symbols): Huawei, MediaTek, Spreadtrum, 
· Monitor Type-0 PDCCH in only one slot instead of two slots (4 companies): ZTE, Vivo, MediaTek, NTT DOCOMO
· 
· 

A few companies noted that two-symbol CORESET0 is incompatible with two SSBs/slot, for Rel-15-based configuration:
· Do not support: ZTE, DOCOMO
· Map both SSBs to PDCCH in symbol 0: Spreadtrum (via M=1)


	Company Name
	Position

	ZTE, Sanechips
	Proposal 1: NR-U should support a fixed frequency offset (e.g. 0 RB) between the smallest RB index of the CORESET#0 and the smallest RB index of the corresponding SS/PBCH block.
Proposal 2: NR-U should support CORESET#0 configurations given in Table 13-1A and Table 13-4A for Rel-16 NR-U operation, which are modified from Table 13-1 and Table 13-4 in TS 38.213 respectively.
N.ed: Tables 13-1A & 13-4A are the 15 / 30 kHz SCS CORESET tables with 96 / 48 RBs, each with 1 and 2 symbols and 0 PRB offset from SSB.
Proposal 3: For NR-U, only configuration parameter M = 1/2 in Table 13-11 in 3GPP TS 38.213 should be supported to let SS/PBCH block and its corresponding Type-0 PDCCH in the same slot.
Proposal 4: For NR-U, UE could monitor Type-0 PDCCH in only one slot instead of two slots.
Proposal 5: O (O = 0 or 5) should be configured  to ensure that SS/PBCH block and associated Type-0 PDCCH are in the same half frame.
Proposal 6: Two options of Type-0 PDCCH positions can be considered for Rel-16 NR-U. Among them, option 2 is preferred.
▪Option 1: Legacy SSB positions  and legacy Type-0 PDCCH positions in a slot
· If only one Type0-PDCCH CSS within a slot is configured, the number of symbols of CORESET#0 can be configured as 1 or 2. Correspondingly, first symbol index for Type0-PDCCH CSS can be 0, 1, or 2. 
· If two Type0-PDCCH CSS within a slot are configured, the number of symbols of each CORESET#0 can only be 1. Correspondingly, first symbol index for Type-0 PDCCH CSS is 0 if SS/PBCH block index is even or 1 if SS/PBCH block index is odd.
▪Option 2 (i.e. Alt 1 in RAN1 #97 agreements): Legacy SSB positions and new Type-0 PDCCH positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 CORESET#0 and symbol (#0) for length-1 CORESET#0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 CORESET#0 and symbol #6 or symbol #7 for length-1 CORESET#0 for the second SSB in a slot

	Huawei, HiSilicon
	Proposal 3: The table of Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set can be simplified as Table 2 and Table 3, corresponding to 1 bit controlResourceSetZero in MIB. The Offset X and Y from smallest RB index of CORESET0 to the smallest RB index of the common RB overlapping with the first RB of the corresponding SS/PBCH block on the sync raster can be derived from the GSCN according to Table 4.

	[bookmark: _Ref23271970][bookmark: _Ref23271951]Table 2 Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {15, 15} kHz for unlicensed bands 
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1 
	96 
	1 
	X

	1
	1 
	96 
	2 
	X 


[bookmark: _Ref23271984]Table 3 Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for unlicensed bands
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	
Number of RBs 
	
Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	Y

	1
	1
	48
	2
	Y



[bookmark: _Ref23338659]Table 4 Mapping between sync raster and CORESET0 offset X and Y
	GSCN
	X
	Y
	GSCN
	X
	Y
	GSCN
	X
	Y

	8996
	14
	2
	9232
	13
	2
	9385
	15
	3

	9010
	15
	3
	9246
	14
	2
	9402
	12
	1

	9024
	15
	3
	9260
	15
	3
	9416
	13
	2

	9037
	8
	0
	9274
	15
	3
	9430
	13
	2

	9051
	9
	0
	9287
	8
	0
	9444
	14
	2

	9065
	10
	0
	9301
	9
	0
	9458
	15
	3

	9079
	11
	1
	9315
	10
	0
	9471
	8
	0

	9093
	12
	1
	9329
	11
	1
	9485
	9
	0

	9107
	13
	2
	9343
	12
	1
	9499
	10
	0

	9121
	14
	2
	9357
	13
	2
	9513
	11
	1

	9218
	12
	1
	9371
	14
	2
	
	
	






Proposal 4: The entries in Table 5 should be included in the table of Parameter for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1, in order to facilitate UE to monitor Type0-PDCCH in the same slot as its associated SS/PBCH block.  
	[bookmark: _Ref19093284]Table 5 PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 in unlicensed band
(a) New/updated entries by M/O parameters
	Index
	

	Number of search space sets per slot
	

	First symbol index

	New
	0
	1
	1/2
	0

	1
	0
	2
	1/2
	


{0, if  is even}, {, if  is odd}, 


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	5
	1
	1/2
	0

	5
	5
	2
	1/2
	


{0, if  is even}, {, if  is odd}, 


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	10
	1
	1/2
	0

	New 
	10
	2
	1/2
	


{0, if  is even}, {, if  is odd}, 


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2

	New
	15
	1
	1/2
	0

	New 
	15
	2
	1/2
	


{0, if  is even}, {, if  is odd}, 


or {0, if  is even}, {6, if  is odd} if Alt 1, 


or {0, if  is even}, {7, if  is odd} if Alt 2


(b) New entries with by  and .
	Index
	PDCCH monitoring occasions (SFN and slot number)
	Number of search space sets per slot
	First symbol index

	new
	



	1
	0

	new 
	



	2
	






{0, if  is even}, {, if  is odd}, or {0, if  is even}, {6, if  is odd} if Alt 1, or {0, if  is even}, {7, if  is odd} if Alt 2







	Vivo
	Proposal 1: For NRU, the monitoring symbol of odd SSBs for Type 0 PDCCH is changed to symbol#7 when Coreset#0 is configured as 1 symbol length and Type 0 PDCCH is configured as 2 search spaces per slot.
Proposal 2: For NRU, frequency domain position for Coreset#0 in one LBT subband could be fixed and 3 bits for configuring Coreset#0 in frequency domain could be saved in MIB.
Proposal 3: For NRU, SSB and monitoring occasions of its associated Type 0 PDCCH are confined in the same slot and only 1 bit is used to configure Type 0 PDCCH in time domain.

	MediaTek Inc.
	Proposal 1: For each subcarrier spacing, support only single value [0] for the PRB offset between CORESET#0 and SSB in controlResourceSetZero in pdcch-ConfigSIB1.
Proposal 2: In Rel-16 NR-U, one bit in controlResourceSetZero in pdcch-ConfigSIB1 is used to indicate the number of symbols, {1 or 2}, for CORESET#0. The other three bits can be reserved or used for other purposes.
Proposal 3: In NR-U, UE is not required to monitor Type0-PDCCH for a given SS/PBCH block in two consecutive slots.
Proposal 4: In NR-U, for Type0-PDCCH CSS set configuration, only O = c0 is supported where c0 is the half frame indicator from PBCH.
Proposal 5: In NR-U, for Type0-PDCCH CSS set configuration, only M=1/2 is supported while M=1, and 2 are not supported.
Proposal 6: For M=1/2, i.e. two Type0-PDCCH search space sets per slot, the first symbol index of the Type0-PDCCH CSS set associated with an SS/PBCH block with index i is given by
•	0 for even i and 1 for odd i if  = 1
•	0 for both even and odd i if  = 2   
Proposal 7: In Rel-16 NR-U, the four bits in searchSpaceZero in pdcch-ConfigSIB1 are reserved or can be used for other purposes.

	Nokia, Nokia Shanghai Bell
	Observation 1: Two RB offset values, namely 0 and 2 for 30 kHz, and 10 and 14 for 15 kHz SCS, are needed to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.
Observation 2: One bit information is needed in MIB to signal the RB offset for locating CORESET#0.
Proposal 1: Two RB offset values, namely 0 and 2 in case of 30 kHz SCS, and 10 and 14 in case of 15 kHz SCS, are supported to signal RB offset from the smallest RB index of the CORESET#0 to the smallest RB index of the common RB overlapping with the first RB of the SSB.

	LG Electronics
	Proposal #1: For 30 kHz SCS, time and frequency domain resource for CORESET index 0 is configured by indicating one of the following entries via PBCH, where the offset (RBs) refers to the RB-level gap between RB#0 of SS/PBCH block and RB#0 of CORESET index 0.
N.ed. : 1 & 2 symbols, 48 RBs, and offsets -1, 0, 1, 2 RBs for each

Proposal #2: For 15 kHz SCS, time and frequency domain resource for CORESET index 0 is configured by indicating one of the following entries via PBCH, where the offset (RBs) refers to the RB-level gap between RB#0 of SS/PBCH block and RB#0 of CORESET index 0.
N.ed. : 1 & 2 symbols, 96 RBs, and offsets 8, 10, 12, 14 RBs for each

	Samsung
	Proposal 6: For NR-U, the indication of k_SSB in PBCH payload remains the same as Rel-15.
Proposal 7: NR-U supports the following CORESET #0 configuration tables.

N.ed: Tables indicate:
- 30 kHz SCS: 48 PRBs, 1 & 2 symbols, RB offsets 0 & 4.
- 15 kHz SCS: 96 PRBs, 1 & 2 symbols, RB offset 13.

	OPPO
	Observation 1: Some entries of the table for RMSI COREST in Rel-15 could not be utilized in NR-U.

Observation 2: The relationship between a SSB and the associated RMSI CORESET will be limited or could be a fixed one.

Proposal 1: For RMSI CORESET, the entries for the table could be reduced. For RMSI search space, the relationship between a SSB and the associated RMSI CORESET could be fixed.

	Spreadtrum Communications
	Proposal 2: Keep rows with M=1/2 unchanged in the table of Type0-PDCCH monitoring occasions.
Proposal 3: Change M=1 to M=1/2 in the corresponding rows in the table of Type0-PDCCH monitoring occasions.
Proposal 4: The rows with start symbol of Type0-PDCCH monitoring occasions other than symbol#0 in the table of Type0-PDCCH monitoring occasions should be removed. 
Proposal 5: Consider to adopt the modifications for the table of Type0-PDCCH monitoring occasion as follows.
	Table 13-11: Parameters for PDCCH monitoring occasions for Type0-PDCCH CSS set - SS/PBCH block and CORESET multiplexing pattern 1 and FR1
	Index
	[image: ]
	Number of search space sets per slot
	[image: ]
	First symbol index

	0
	0
	1
	11/2
	0

	1
	0
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	2
	2
	1
	11/2
	0

	3
	2
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	4
	5
	1
	11/2
	0

	5
	5
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	6
	7
	1
	11/2
	0

	7
	7
	2
	1/2
	{0, if [image: ] is even}, {[image: ], if [image: ] is odd}

	8
	0
	1
	2
	0

	9
	5
	1
	2
	0

	10
	0
	1
	1
	1

	11
	0
	1
	1
	2

	12
	2
	1
	1
	1

	13
	2
	1
	1
	2

	14
	5
	1
	1
	1

	15
	5
	1
	1
	2







	Ericsson
	Proposal 1: Support at least the CORESET0 configurations given in Table 6 for operation in Band n46, i.e., at least SSB-CORESET0 offsets of 0, 1, and 2 RBs.  Offsets 3 and 4 can be considered for additional scheduling flexibility. The size of the table remains as 16 as in Rel-15.
Proposal 3: Keep existing Table 13-11 in 38.213 for operation with shared channel access.

	NTT DOCOMO, INC.
	Proposal 1: Monitoring of Type0 PDCCH of the 2nd SSB at symbol#7 is supported only for one symbol CORESET#0 case.
· When two symbols CORESET#0 is configured and Type0-PDCCH monitoring occasions for two search space sets are configured in a slot containing candidate SSB positions, UE assumes that 2nd SSB position in a slot is not used for SSB transmission so that an effective number of search space sets per slot is 1. 
Proposal 2: Two tables (one for 30 kHz SCS case, and another for 15 kHz SCS case) for controlResourceSetZero configurations are newly defined for NR-U frequency bands.
· 
For NR-U frequency bands, 4 bits of controlResourceSetZero configuration are used to indicate “Number of Symbols: ” by using 1 bit (i.e., 1 or 2), “Offset (RBs)” parameters by using 1 bit (i.e., 0 or 2), and “Value of Q” by using 2 bits (i.e., 1, 2, 4, or 8).
Proposal 3: One table for searchSpaceZero configurations is newly defined for NR-U frequency bands.
· The value of “O” have four candidate values {0, 2, 5, 7}.
· The value of “Number of search space sets per slot” have two candidate values {1, 2}.
· When the value of “Number of search space sets per slot” is 1,
· The value of “M” is 1.
· The value of “First symbol index” is 0.
· When the value of “Number of search space sets per slot” is 2,
· The value of “M” is 1/2.
Proposal 4: The searchSpaceZero configuration also indicates whether only candidate SSB positions with even index are to be used or all candidate SSB positions are to be used. 
Proposal 5: UE shall monitor one slot, instead of two consecutive slots, for PDCCH in each Type0-PDCCH CSS monitor set associated with a certain SS/PBCH block position index.

	Qualcomm Incorporated
	Proposal 3. 30KHz SCS CORESET #0 location within each 20MHz LBT bandwidth is fixed as in Table 1 (3rd column), and can be captured by a per 20MHz LBT bandwidth RB level offset from SSB on sync raster to coreset #0.
N.ed: Table lists a single RB offset per GSCN; shows that guardbands are met for each offset.
Proposal 4. For 15KHz SCS, CORESET #0 location can overlap with 30KHz CORESET #0 defined (align at the center of the lowest RE).

	Xiaomi communications
	Proposal 2:  At least 3 bits in PBCH contents could be reused for other purpose.

	
	



Discussion:
Given the lack of consensus for the Alt-1/2/3 discussion, RAN#97 concluded “No further online or scheduled offline discussions will be conducted on [the topic of SSB positions and type-0 PDCCH monitoring in a slot]”.
We thus propose that a high bar on necessity on changes to the Rel-15 type-0 PDCCH monitoring. In particular, we believe the following topics to be optimizations, rather than essential topics, and only to further discussion if there is reasonable consensus:
· the symbol offset for second half-slot.
· number of slots for monitoring (Rel-15: two consecutive slots)
· further reduction in searchSpaceZero configurations (currently: 4 bits) is warranted, e.g. to maintain same-slot configuration of RMSI and SSB.

On the interaction of 2-symbol CORESET0 and the second SSB in a slot, the following paragraph in 38.213, section 10 appears relevant:
“If the UE monitors the PDCCH candidate for a Type0-PDCCH CSS set on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell.”

Only essential changes (i.e. changes without which NR-U is broken) should be considered to Rel-15 type0-PDCCH monitoring, per conclusion of RAN1#97.

Regarding the signalling of frequency offset (NR Rel-15: in controlResourceSetZero) all companies with proposals understand that the number of offsets is limited. 
There is still some uncertainty in interpreting the current RAN4 agreement and state of discussions:
· Five companies (ZTE, Huawei, Vivo, MediaTek, Qualcomm) felt that RAN4 conclusions and expected discussions support fixing the CORESET0 location either to a single value (0 RBs), or deriving the offset implicitly from other known information (carrier, SCS).
· Five companies (Ericsson, Nokia, Samsung, NTT DOCOMO, LGE) preferred a variable offset
· Among these, two (Ericsson, Nokia) thought that some GCSNs cannot be mapped to unique offsets without breaking guardband requirements, when different LBT subbands were considered.

FL Proposal: Further discuss if one or multiple offsets between CORESET0 and sync raster SSB per GSCN is needed, and how the offsets are indicated (Modification to Table 13-6 of 38.213)
For one sync raster entry, do we need multiple RB level offset between coreset #0
FL Proposal: Further discuss if there are two bits in PBCH that can be reused for Q indication

PDSCH resource allocation in DRS
In Rel-15, PDSCH allocations for Type-0 PDCCH cannot rate-match around SSBs (c.f. 3GPP TS 38.214, section 5.1.4): “When receiving the PDSCH scheduled with SI-RNTI in PDCCH Type0 common search space, the UE shall assume that no SS/PBCH block is transmitted in REs used by the UE for a reception of the PDSCH.”

Furthermore, Type-1 allocation (for RMSI) in Rel-15 only allows contiguous PDSCH PRBs.

	Company Name
	Position

	ZTE, Sanechips
	Proposal 7: For NR-U, RMSI PDSCH should be able to be rate matched around SS/PBCH blocks in DRS occasion. The assumption for RMSI PDSCH and SS/PBCH blocks in 3GPP TS 38.214 should be revisited.

	Huawei, HiSilicon
	Proposal 2: NR-U shall support that RMSI PDSCH scheduled by Type-0 PDCCH is rate-matched around the corresponding SSBs.

	Vivo
	Proposal 4: RMSI rate matching around SSB is not necessary.
Proposal 5: CSI-RS resources in DRS should be rate matched for RMSI PDSCH reception based on configured or predefined CSI-RS pattern.
Proposal 6: The default time domain resource allocation table for RMSI scheduling should be enhanced to facilitate NRU DRS transmission, e.g. including Type B allocation for symbol #7-13.

	MediaTek Inc.
	Proposal 8: NR-U does not support rate matching RMSI around SSBs.

	Nokia, Nokia Shanghai Bell
	Proposal 2: To support RMSI delivery of up to 900-1000bits multiplexed in a slot with SSB, introduce a new table entry (K0=0, S=7 and L=7) to default TDRA table.

	Samsung
	Proposal 2: For NR-U DRS, PDSCH of RMSI can rate match around SS/PBCH block(s) within the same slot.
Proposal 3: The DCI format for RMSI (e.g. DCI format 1_0 with CRC scrambled by SI-RNTI) indicates the actually transmitted SS/PBCH blocks within the slot.

	OPPO
	Proposal 2: Rate matching for RMSI-PDSCH over SSBs should be considered in NR-U.
Proposal 3: The bitmap design in Rel-15 could be reused. For a bitmap, if the K-th bit is set to “1”, it means all the SSBs whose index(DMRS index) mod Q equal to K-1 need to be rate matched around.
Proposal 4: Within a COT, UE assume only first Q candidate SSB positions should be considered for rate matching purpose. Within these Q candidate SSB positions, the first Q bits in the bitmap are used to identify the rate matched SSBs. .
Proposal 5: An indication for the first actual transmitted SSB within a COT could be used to identify the actual transmitted SSBs within a COT.
Proposal 6: DMRS sharing among channels within DRS should be considered in NR-U.
Proposal 8: For RMSI in SCell, rate-matching around SSB for RRM is needed in NR-U.

	ETRI
	Observation 2: No further optimization is needed for resource allocation in DRS.
Observation 3: In case of the remaining resource region can be used as follows:  
· Paging/OSI transmission with the existing TDRA table (no further optimization) if the resource is enough for the transmission
· Otherwise, gNB implementation such as transmission of reservation signal and/or another SSB

	Ericsson
	Proposal 2: As in Rel-15, mapping of SIB1 around an SS/PBCH block in a slot is not supported.

	Sharp
	Proposal 2: NR-U supports time domain resource assignment to align SS/PBCH block resource and PDSCH resource. 
Proposal 3: Default PDSCH time domain resource allocation A for normal CP supports (S, L) = (2, 6) with type A. 
Proposal 4: Default PDSCH time domain resource allocation A for normal CP supports (S, L) = (7, 7) with type B.

	AT&T
	Proposal 1: Since there is no legacy LTE CRS transmission in unlicensed bands, those entries defined for LTE-NR coexistence in Rel. 15 are no longer needed for the NR-U initial access procedure and thus can be removed from the default PDSCH SLIV table to make room for new entries.
· Replace rows 9 and 10 of Table 5.1.2.1.1-2 in TS 38.214 with two new rows whereby row 9 becomes S=L=7 and row 10 becomes S = 10 and L = 4 
Proposal 2: Create two new entries for PDSCH type A resource allocation of length 14 OFDM symbols with both dmrs-TypeA-Position equals 2 and 3

	NTT DOCOMO, INC.
	Proposal 6: For NR-U, the new RMSI PDSCH time domain resource allocation table is defined with new configurations with {S,L}={6,7}, {7,7}.

	Qualcomm Incorporated
	Observation 1. Legacy Type0-PDCCH time domain monitoring configuration has multiple options to support both DRS configurations where RMSI PDSCH shares the same slot as SSB, as well as DRS configurations where RMSI PDSCH uses a different slot than SSB
Proposal 2. RMSI PDSCH rate matching around SSB is not supported in NR-U.
Proposal 5. No further enhancement of common PDSCH rate matching around CSI-RS is needed in NR-U Rel-16. Further optimizations can be considered beyond Rel-16 NR-U

	Xiaomi communications
	Proposal 1:  Rate matching of RMSI-PDSCH around SSB should be supported.

	Spreadtrum
	Proposal 6: RMSI PDSCH rate matching around SSB(s) can be supported.
Proposal 7: Broadcast PDSCH rate matching around SSB(s) can be supported, where broadcast PDSCH is scheduled by broadcast PDCCH in search space zero and uses the Default A time-domain resource allocation.
Proposal 8: “Frequency-region level rate matching” can be supported, i.e. UE may assume the frequency resource in all symbols in the RBs overlapping with SSB is not used in resource mapping.

	WILUS, Inc.
	Proposal 1: As a default PDSCH SLIV table configuration for NR-U operation, 
· Symbol #2 and symbol #8 in a slot can be used as the starting symbol of RMSI-PDSCH with 4-symbol length regardless of CORESET#0 symbol length.
· No new SLIV entry for 4-symbol length
· Symbol #6 and symbol #7 in a slot can be used as the starting symbol of RMSI-PDSCH with 7-symbol length regardless of CORESET#0 symbol length.
· New SLIV entry is required e.g. ({S,L}={6,7}) and ({S,L}={7,7})
Proposal 2: 
· If RMSI PDSCH resources collides with associated candidate SS/PBCH block transmission on symbols in a same slot, then the UE assumes that SS/PBCH block is transmitted on the collision resource.
· If RMSI PDSCH resource does not collide with associated candidate SS/PBCH block transmission and occurs collision with other candidate SS/PBCH block transmission, then the UE assume that RMSI PDSCH is transmitted on the resource.



Multiplexing of RMSI PDSCH and SSB in DRS: aspects above pertain to this kind of multiplexing. Companies expressed the following positions:
  a) Allow or evaluate RM around SSB – 7 companies: ZTE, Huawei, Samsung, OPPO, Xiaomi, Wilus, Spreadtrum
  c) No RM around SSB – 5 companies
· Vivo, Mediatek, ETRI, Ericsson, Qualcomm
  b) “Frequency-region level rate matching” – 1 company
· Spreadtrum
  d) Allow/consider RM around CSI-RS – 1 company
· Vivo

FL proposal: Further discuss if RMSI PDSCH rate matches around SSB is supported. If yes, need to consider the following: 
· Which SSBs to rate-match around, and how that information is conveyed to the UE
· Handling of DMRS, in particular for DMRS symbols shared with SSB; two options are proposed:
· DMRS shifting
· DMRS sharing with other channels.
· Whether the feature provides sufficient benefits, to justify the extra complexity and spec impact, in particular absent decisions on Alt-1/2/3

Multiplexing of (non-RMSI) PDSCH and SSB in DRS:
a) UE to assume rate-matching is needed in the first Q positions of COT: Oppo
b) UE to assume rate-matching around actually transmitted SSBs (requires signaling changes): Oppo
c) Broadcast PDSCH rate matching around SSB(s) can be supported (might requires signaling changes): Spreadtrum
This discussion can be further considered in 7.2.2.2,2, where the ssb-PositionInBurst is considered.

New entries for default type A PDSCH allocations: a few companies express openness to consider new PDSCH allocation SLIV entries, for optimal utilization of DRS resources (e.g. LBT, half-slot or full-slot capacity maximization):
· Vivo, Nokia, Sharp, AT&T, NTT DOCOMO, WILUS
	Row index
	[bookmark: _Hlk513099354]dmrs-TypeA-Position
	PDSCH mapping type
	K0
	S
	L

	1
	2
	Type A
	0
	2
	12

	
	3
	Type A
	0
	3
	11

	2
	2
	Type A
	0
	2
	10

	
	3
	Type A
	0
	3
	9

	3
	2
	Type A
	0
	2
	9

	
	3
	Type A
	0
	3
	8

	4
	2
	Type A
	0
	2
	7

	
	3
	Type A
	0
	3
	6

	5
	2
	Type A
	0
	2
	5

	
	3
	Type A
	0
	3
	4

	6
	2
	Type B
	0
	9
	4

	
	3
	Type B
	0
	10
	4

	7
	2
	Type B
	0
	4
	4

	
	3
	Type B
	0
	6
	4

	8
	2,3
	Type B
	0
	5
	7

	9
	2,3
	Type B
	0
	5
	2

	10
	2,3
	Type B
	0
	9
	2

	11
	2,3
	Type B
	0
	12
	2

	12
	2,3
	Type A
	0
	1
	13

	13
	2,3
	Type A
	0
	1
	6

	14
	2,3
	Type A
	0
	2
	4

	15
	2,3
	Type B
	0
	4
	7

	16
	2,3
	Type B
	0
	8
	4



FL Discussion:
· To what purpose is there a need to change the default A PDSCH table?
· Half-slot SSB optimisations. Note that the placement of CORESET0 is at the beginning of the slot without consensus to change the Type0-PDCCH monitoring pattern
· Full-slot SSB optimisations: lengths 10, 11 and 12 are not optimized for single-symbol LBT at the end of the slot: is it essential to add such an optimization to Default A?
· If a change to Default A table is agreed for DRS, which entry/ies to replace?
· AT&T proposes that entries 8 & 9 could be replaced, as AT&T considered these were mostly intended for coexistence with LTE, which is not relevant to NR-U.

Offline consensus:
· For default A table for PDSCH SLIV for normal CP, replacing row 9 with an entry with (S=6, L=7)
· FFS if additional row can be replaced for (7,7)
· Conclusion: RMSI PDSCH rate matching around SSB will not be supported in Rel.16 NR-U

[bookmark: _Ref24713872]RMSI in SCell
	Agreed in RAN4#92:
· RAN4 agreed to place the SSB close to the edge of sub-bands 
· RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band

Agreement in RAN1#98:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:
· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.
· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.
· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 
· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed
Working assumption in RAN1#98bis:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
a. FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited



Most companies wanted to validate the working assumption from RAN1#98bis, with some proposing changes, as follows:
· Fixed offset between the sync raster SSB and Scell CORESET0: ZTE, Vivo
· The offset signalled in SCell PBCH is an integer number of The second offset is expected to be an integer, in the unit of RB: Samsung
· Signal the GSCN for the synchronization raster in the Measurement Object (in RRC): Ericsson

One company (OPPO) wondered whether the SSB for RRM and the RMSI for ANR need to be transmitted within a same LBT subband.

	Company Name
	Position

	ZTE, Sanechips
	Proposal 8: The working assumption reached in RAN1 #98bis could be updated as follows: 
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.
· Also based on the offsets signaled in PBCH payload (including MIB). 
· FFS: How many offsetsThe frequency offset between the smallest RB index of the CORESET#0 and the smallest RB index of the on-sync SS/PBCH block can be set to a fixed value
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited


	Vivo
	Proposal 7: The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined based on only the offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency) and the frequency location corresponding to the GSCN of the synchronization raster entry within the same LBT bandwidth.

	Fujitsu
	Proposal 1: Confirm the working assumption on RMSI transmission with an SSB not on a sync raster.
· Both sub-carrier level offset (k_SSB) and RB level offset should be indicated in PBCH payload.

	Nokia, Nokia Shanghai Bell
	Proposal 3: Confirm working assumption regarding RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster. RB offset in PBCH of off-sync SSB signals the RB offset between the CORESET#0 and in-sync SSB in the sub-band. 		

	Huawei, HiSilicon
	Proposal 6: Confirm the work assumption in RAN1#98bis on the derivation of location of the CORESET0 for RMSI reception on a carrier with an SSB not on a sync raster.

	Samsung
	Proposal 7: Support Alt 1 for RMSI reception on SCell.
Proposal 8: For RMSI reception on SCell, confirm the working assumption with the following clarification:
• The second offset is expected to be an integer, in the unit of RB in term of SCS of CORESET for Type0-PDCCH CSS set.

	OPPO
	Proposal 7: Whether the SSB for RRM and the RMSI for ANR need to be transmitted within a same LBT subband should be considered further. 
Proposal 8: For RMSI in SCell, rate-matching around SSB for RRM is needed in NR-U.

	ETRI
	Proposal 1: It is proposed to confirm the working assumption.

	Ericsson
	Observation 1: In the working assumption, the signalled offsets in the PBCH payload (including MIB) are k_SSB and the SSB-CORESET0 offsets as in Rel-15. The values should be set according to a hypothetical SS/PBCH block transmitted at the frequency location corresponding to the GSCN of the single synchronization raster entry within the same LBT bandwidth.
[bookmark: _Toc24134613]Proposal 4: Confirm the working assumption from RAN1#98b with the following modification:
For RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster, the PBCH in SSB not on a sync raster does not directly provide the location of the CORESET 0 for RMSI reception. 
· The frequency domain difference between an off-sync SS/PBCH block and its associated CORESET #0 is determined at least based on 
· The offset between the frequency location of the off-sync SS/PBCH block configured by gNB (high layer parameter ssbFrequency in MeasObjectNR) and the frequency location corresponding to the GSCN of the a synchronization raster entry within the same LBT bandwidth.
a. The GSCN is provided by an RRC parameter in ReportConfigNR
· Also based on the kSSB and SSB-CORESET0 offsets signaled in PBCH payload (including MIB). 
a. FFS: How many offsets
· Note: For ANR purpose, the SSB and and the associated CORESET0 are expected to be in the same LBT bandwidth
· Note: This working assumption assumes that there is only one sync raster point defined per 20 MHz. If RAN4 decides that there is more than one sync raster point per 20 MHz, then this working assumption is not valid and will be revisited




FL Proposal: Confirm the working assumption.
FL Discussion: Further discuss design details for ANR support in SCell. Also need to consider 15KHz SCS SCell case.

Paging/OSI and DRS COT

In 38.889, the following was captured:
	The enhancements identified for physical layer signal and channels are captured in Section 7.2.1.2. For SS/PBCH block transmission in NR-U DRS, it has been identified as beneficial to include CSI-RS and RMSI-CORESET(s) and RMSI-PDSCH(s) in the same contiguous burst when transmission of CSI-RS/RMSI are configured. Optionally OSI and paging can be transmitted in the same DRS if there are available resources.




	Company Name
	Position

	Huawei, HiSilicon
	Proposal 5: Indicator for OSI and paging and Q value should be included in MIB.

	Samsung
	Proposal 5: At least one of the following set of configurations on Type0A/2-PDCCH CSS should be supported for NR-U DRS, and PDCCH/PDSCH of OSI/paging are wrapped-around together with the transmission of the QCLed SS/PBCH blocks:
• Option 1: A burst of OSI/Paging is transmitted right after the burst of SS/PBCH blocks;
• Option 2: OSI/Paging shared the same burst with SS/PBCH blocks by muting some SS/PBCH block transmissions.



Two companies discussed the inclusion of OSI and Paging in DRS (Huawei, Samsng).
· Huawei considers that the multiplexing of Paging and OSI in DRS can be signalled in PBCH.
· Samsung indicates two TDM multiplexing option for paging: inside DRS and immediately following DRS

Discussion:
· Further discuss what modifications are needed to ensure that paging can, when sufficient resources exist, be transmitted in the same COT as DRS:
· Whether Type-2 PDCCH monitoring can be configured:
· inside SSBs slots in the SS Burst
· immediately after the SS Burst, in the same COT
· Impact on PDSCH scheduled by Type-2 PDCCH, and potential SLIV table changes
· How/whether UE knows whether paging and DRS are located in the same COT.

[bookmark: _Ref24713876]CSI-RS multiplexing in DRS
	Agreed in RAN4#92:
· RAN4 agreed to place the SSB close to the edge of sub-bands 
· RAN4 will continue discuss the detailed values of offset to the edge of sub-bands considering the adjacent channel interference
RAN4 agreed to introduce single default sync raster for each sub-band




	Company Name
	Position

	ZTE, Sanechips
	Proposal 9: No enhancement on multiplexing CSI-RS with SS/PBCH block in frequency domain is needed  since the SSB offset value (3 RBs) is in the range 0 to 7 RBs ( = 51-20-24 ).

	Vivo
	Proposal 5: CSI-RS resources in DRS should be rate matched for RMSI PDSCH reception based on configured or predefined CSI-RS pattern.

	Intel Corporation
	Proposal-2: Allow configuration of 1-slot or 2-slot aperiodic/periodic TRS in NR-U.

	Samsung
	Proposal 4: CSI-RS can be configured in the symbols not overlapping SS/PBCH block in NR-U DRS.

	Qualcomm Incorporated
	Proposal 5. No further enhancement of common PDSCH rate matching around CSI-RS is needed in NR-U Rel-16. Further optimisations can be considered beyond Rel-16 NR-U



In light of the RAN4 agrement on synch raster, most companies (ZTE, Samsung, Qualcomm) considered that no standard impact is needed to DRS-multiplex CSI-RS in frequency domain (with SSB) or in time domain, for Rel-16.

A few optimizations were proposed:
· Intel proposes to consider a single-slot TRS for NR-U (normally 2-slot, for FR1)
· Vivo proposes to rate-match RMSI around CSI-RS

FL Proposal: CSI-RS multiplexing in DRS is adequately supported for baseline Rel-16 needs. 
Proposed conclusion: Allow Rel.15 CSI-RS transmission in DRS without further optimization

Offline consensus: 
Support CSI-RS multiplexing in DRS following channel access procedures for DRS
Note: This address the FFS in 37.213 on if CSI-RS multiplexing is allowed in DRS


[bookmark: _Hlk24704113]Other (LBT, Terminology)

	Company Name
	Position

	Spreadtrum Communications
	Proposal 9: Do not define “DRS” terminology in spec 38.211/212/213. 

	Sharp
	Observation 1: DRS transmission with two TRPs in a slot is not feasible due to no gap between two CORESETs each corresponding to SS/PBCH blocks in the slot.
Proposal 1: No LBT gap is necessary for a DRS transmission in a slot.



The LBT topic is further discussed in the channel access agenda item. Sharp’s proposal can be considered during CR drafting.

PRACH
In NR release 15, the short PRACH formats occupy 12 contiguous RBs which correspond to 2.16/4.32MHz for SCS of 15/30 kHz. The operation in unlicensed spectrum have various regulatory requirements like minimum occupied channel bandwidth (OCB), transmit power limits (EIRP, PSD), channel access (LBT, MCOT), etc. Based on these requirements the following guidance was provided in RAN#84 on the prioritization of work items related to PRACH for NRU:
Essential
· Wideband PRACH design (long sequence vs repetition)
· Supported PRACH formats (legacy PRACH and new PRACH)
Optimizations
· Additional PRACH numerology
· Multiplexing of PRACH and other channels
· Whether to introduce LBT gap between ROs

PRACH Numerology
Description: The SCS to support for PRACH is yet to be determined. The positions of different companies are provided in the table below: 

	Company
	Position

	ZTE
	Proposal 13: 15 kHz SCS and 30 kHz SCS should be supported in below 7 GHz for NR-U.

	Samsung
	Proposal 11: No new PRACH subcarrier spacings are specified for Rel-16 NR-U.

	Intel
	Proposal-6: Do not support 60 KHz SCS for NR-U PRACH in FR1.

	LG
	Proposal #7: 15 kHz and 30 kHz SCS are supported for enhanced PRACH preamble design for NR-U operation.

	Xiaomi
	Proposal 3:  SCS of 60 kHz is not considered for NR-U PRACH

	Qualcomm
	Proposal 7: Only 15 and 30 kHz SCS will be supported for NR-U PRACH.



Feature lead summary: All the six companies propose to only use 15 and 30 kHz SCS for NR-U PRACH.
FL Proposal: 
· SCS of 15 and 30 kHz is supported for NR-U PRACH. 

PRACH frequency mapping options and evaluation results
The following was agreed in RAN97 ([1]):
Agreement
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA= [571, 1151]
· 30 kHz: Choose one of L_RA= [283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

In some area, it is allowed to temporal transmit 2MHz

Following table summarizes the different company proposals:
	Company
	Position

	Intel
	Proposal-3: Support only NR short PRACH formats (L=139) when temporal allowance of 2 MHz OCB is allowed by regulation.
Proposal-4: In addition to the Rel-15 design for NR short PRACH (sequence length of 139), support enhanced design of NR-U PRACH by adopting single long ZC sequence of the following lengths:
o	15 KHz: LRA = 1151
o	30 KHz: LRA = 571
Proposal-5: Support similar mapping rule as for Rel-15 NR short PRACH (sequence length of 139) to map logical index to sequence number (or root index) for NR-U PRACH with longer sequence lengths.
o	Use a subset of logical indices to restrict high cubic metric root indices

	OPPO
	Proposal 9: 	The PRACH design with short sequence and repetition should be used in NR-U.
Proposal 10: 	If no consensus could be reached in the next meeting, reuse the PRACH design in Rel-15.

	Huawei
	Proposal 7: The NR-U PRACH is based on a single ZC sequence with the following lengths:
	For 15 kHz SCS: L_RA=1151
	For 30 kHz SCS: L_RA=571
	For 60 kHz SCS: L_RA=139
Proposal 8: The following cyclic shifts are used for ZC sequences of length N_ZC:
	If N_ZC=283:  N_CS∈{0,4,5,6,7,8,10,12,15,20,25,31,40,56,94,141}
	If N_ZC=571:  N_CS∈{0,8,10,12,15,17,21,25,31,40,51,63,81,114,190,285}
	If N_ZC=1151:  N_CS∈{0,17,21,25,30,35,44,52,63,82,104,127,164,230,383,575}
Proposal 9: The logical root indices i=0,1,2,3,4,5,⋯ are mapped to the sequence root indices u as 1,N_ZC-1,2,N_ZC-2,3,N_ZC-3,⋯.  

	VIVO
	Observation 1: Obvious CM reduction can be achieved if phase rotation is applied to preambles repeated in frequency.
Observation 2: Long sequence and preamble repetition can achieve similar MCL performance.
Observation 3: More number of preamble repetitions in frequency domain does not necessary bring about noteworthy MCL gain.
Observation 4: The phase rotation applied on preamble is transparent to the receiver since gNB can detect the preambles without knowing the phase rotations on the preamble repetitions.
Observation 5: For preamble repetition scheme, the cubic metric variation among different cyclic shifts for a root sequence is negligible.
Observation 6: Symmetric cubic metric distribution for PRACH can also achieved for preamble repetition scheme.
Observation 7: The cubic metric profile trend for preamble repetition scheme is the same as that for Rel-15 PRACH preamble.
Observation 8: NRU PRACH occupying about half of the resource in sub band, i.e. 4 repetitions for 15 kHz and 2 repetitions for 30 kHz, have advantages over preamble repeated across the whole sub band in multiplexing with other channels.
Observation 9: Rel-15 length 139 preamble repeated in contiguous REs in frequency domain have less spec impact compared with long preamble sequence with or without repetition.
Proposal 8: Length-139 preamble based repetition should be adopted for NRU PRACH.
Proposal 9: Phase rotation should be applied to the preamble repetitions to limit the cubic metric of NRU PRACH with multiple preamble repetitions where the phase rotation combination for multiple preambles is defined (e.g. Table 1)

	ZTE
	Proposal 10: New Long PRACH sequences should not be introduced in Rel-16 NR-U.
Proposal 11: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency can be supported for NR-U.
Proposal 12: 4 repetitions with the phase rotation for 30KHz SCS and 8 repetitions with the phase rotation for 15KHz SCS can be supported.

	Mediatek
	Proposal 9: For PRACH enhancement in NR-U, support long ZC sequence lengths of 1151 for 15 kHz SCS and 571 for 30 kHz SCS.

	Samsung
	Proposal 9: NR-U shall support reusing legacy Rel-15 NR PRACH sequence with repetitions in frequency domain.

Proposal 10: NR-U PRACH with repetition of Rel-15 PRACH sequences can be designed as the following: 
•	NR-U supports PRACH transmission on 4 ROs for 30 kHz SCS and 8 ROs for 15 kHz SCS in a single LBT-subband, wherein each RO has 12 RBs.
•	Same length-139 PRACH preamble sequence with CM reduction mechanism is mapped to subcarriers #2 to #140 in each RO.
o	The CM reduction mechanism includes a time domain cyclic shift and a frequency domain phase shift.

	NOKIA
	Observation 3: Based on WID, new enhanced design of PRACH for NR-U should support minimum bandwidth requirement (16 MHz) by regulation to be applicable in UE initiated COT consisting of PRACH transmission.
Proposal 4: A new enhanced design shall support at least the following options
-	15 kHz SCS
o	Single sequence with length of 1151
o	8 repetitions of length 139
-	30 kHz SCS
o	Single sequence with length of 571
o	4 repetitions of length 139
Proposal 5: A new enhanced design of NR-U PRACH is preferably based on FDMed repetitions of length-139 sequence where repetitions are mapped similarly onto REs as in Rel15 (each length-139 sequence mapped onto length-144 frequency block).
Observation 4: A new higher layer parameter would be needed in RACH configuration to indicate the number of ROs grouped in frequency within a single LBT sub-band and in one time instance to be used for the RACH transmission. 
Observation 5: CM for the frequency repeated PRACH sequence can be reduced significantly using the scheme in [5] compared to pure repetition based transmission. Difference to a single sequence is rather low especially with 30 kHz SCS.

	NEC
	Observation 1: The CM of first 138 logic index of long ZC sequence is better than repetition with CM reduction.
Observation 2: For repetition with CM reduction, the CM may not be increased by the increasing logic index any more. 
Proposal 1: For a new enhanced design of NR-U PRACH, long ZC sequence is proposed. It can either keep all logic index of long ZC sequence (but smart gNB would only configure the first 138 ones unless capacity issue happens in which case repetition cannot work) or keep only the first 138 logic index of long ZC sequence.
Proposal 2: For NCS design of new length, it’s {9, 17, 25, 33, 43, 51, 57, 63, 71, 81, 95, 114, 142, 190, 285} for 571 and {17, 34, 50, 67, 88, 104, 115, 127, 143, 164, 191, 230, 287, 383, 575} for 1151.

	LG
	Observation #1: In 30 kHz subcarrier spacing, four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.
Observation #2: In 15 kHz subcarrier spacing, eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
Observation #3: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
Proposal #3: 
•	PRACH transmission over 4 ROs for 30 kHz SCS and 8 ROs for 15 kHz SCS in a single LBT-subband is supported for NR-U, wherein each RO has 12 RBs.
•	Same length-139 PRACH preamble sequence is mapped to subcarriers #2 to #140 in each RO, with both phase rotation and cyclic shift across ROs.
•	PRACH preamble sequence generation, PRACH preamble format, and PRACH OFDM symbol generation are the same as in Rel-15 NR.
Proposal #4: Support following PAPR/CM reduction mechanism with both phase rotation and cyclic shift.
•	For 15 kHz subcarrier spacing,
o	Cyclic shift pattern: [a, a+1, a, a+1, a, a+1, a, a+1]
o	Phase shift pattern: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
•	For 30 kHz subcarrier spacing, 
o	Cyclic shift pattern: [a, a+1, a, a+1]
o	Phase shift pattern: [1, 1i, 1i, 1]

	NTT
	Proposal 7: Longer ZC sequence with L_RA = 1151/571 for 15/30kHz is specified for wideband PRACH design.
Proposal 8: PRACH design for NR-U operation should be explicitly indicated, e.g. using prach-RootSequenceIndex in RACH-ConfigCommon IE.

	Qualcomm
	Observation 8: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
Observation 9: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 10: Long ZC sequence with full band contiguous allocation with L_RA=1151 and 571 have better MCL than long ZC sequence with half band contiguous allocation L_RA=571 and 283, respectively for 15/30 kHz SCS.
Observation 11: Long ZC sequence with contiguous allocation provides the best MCL value for both SCS =15 kHz and 30 kHz. Note that, the P_TX computation is pessimistic. If the P_TX formula is updated as min(P_max, 23+X-Backoff)), X =2, then Alt4 (long continuous allocation) has even better MCL gains.
Proposal 12: The root sequences for long ZC sequence are chosen as 1, L_RA-1, 2, L_RA-2, ….
Proposal 13: N_CS values are chosen as follows:
	15 kHz: N_CS∈ {0,17,33,50,66,83,99,108,124,141,157,190,224,282,381,571},
	30 kHz: N_CS∈ {0,8,16,25,33,41,49,53,62,70,78,94,111,140,189,283}.
Proposal 14: SSB to RO mappings with frequency domain multiplexing are replaced by SSB to VRO mappings, where VROs are a set of 64 long sequences. 
Each VRO will have different set of root indices configured by gNB
Proposal 15: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH. Following ZC sequence lengths are supported:
	For 15 kHz: L_RA=1151
	For 30 kHz: L_RA=571.

	Ericsson
	Proposal 6	RAN1 to downselect to one of the following options in RAN1#99 (Ericsson view is that either is acceptable):
•	Option 1: Long ZC with supported lengths 283, 571, 1151
•	Option 2-2: Repetition without gaps with supported repetition factors 2, 4, and 8
Sequence length/repetition factor is configurable (indicated by broadcast (SIB1) and dedicated signalling).

	Xiaomi
	Proposal 4:  NR-U supports repetition of Rel-15 PRACH sequences in frequency domain.



Feature lead summary: 
14 companies have given their positions for frequency mapping options. Out of these, 6 companies have provided evaluation results in the current submission. The positions of different companies on PRACH sequence to frequency mapping are summarized below:
· ZC sequence of following length:
· 15 kHz: 1151 and 30 kHz: 571
· Companies in support: Qualcomm, NTT, NEC, Intel, Huawei, Ericsson, Mediatek
· Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency: 
· 15 kHz 4 repetitions, 30 kHz 2 repetitions: Ericsson, VIVO
· 15 kHz 8 repetitions, 30 kHz 4 repetitions: Nokia, LG, ZTE, Samsung, Ericsson, OPPO, Xiaomi
· If no consensus is reached, reuse Rel. 15 PRACH: OPPO
Frequency repetition can be done in two ways:
· Without gap between repetitions: Ericsson, VIVO
· With 5 RE gap between repetitions (block of 12 RBs per repetition):  Nokia, LG, ZTE, Samsung, OPPO, Xiaomi
The complete set of results from all companies in this submission are given in the appendix. We summarize below a subset of results which includes alternatives proposed by respective companies for comparison:
· SCS=30 kHz, 15 kHz
· L_RA=139 with repetitions, number of reps = 2, 4 (30 kHz) and 2, 8 (15 kHz)
· Long ZC sequence L_RA = 571 (30 kHz), 1151 (15 kHz)






SCS=30 kHz evaluation results:
	Company
	ZC-139 with 2 repetitions
	ZC-139 with 4 repetitions
	ZC-L_RA (L_RA=283)
	ZC-L_RA (L_RA=571)

	
	BW occupied (MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied (MHz)
	MCL
	Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied (MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied
(MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)

	ZTE
	8.34
	
	
	128
	16.68
	131
	1380
	64
	8.490
	
	
	128
	17.13
	129.2
	11970
	64

	Huawei
	
	126.6
	3036
	
	
	129.9
	1518
	
	
	126.54
	6440
	
	
	129
	6440
	

	VIVO
	
	127.6
	3036
	
	
	128.7
	1518
	
	
	
	
	
	
	128.2
	8970
	

	Intel
	
	
	
	
	
	126.9
	
	
	
	
	
	
	
	128.2
	
	

	LG
	
	128.4
	
	
	
	129.9
	
	
	
	
	
	
	
	129.9
	
	

	Qualcomm
	
	127.7
	2208
	
	
	128.1
	1104
	
	
	127.7
	4512
	
	
	129.2
	7410
	

	Ericsson
	
	127.6
	3588
	
	
	
	
	
	
	127.7
	7896
	
	
	
	
	



SCS=15 kHz evaluation results:
	Company
	ZC-139 with 4 repetitions
	ZC-139 with 8 repetitions
	ZC-L_RA (L_RA=571)
	ZC-L_RA (L_RA=1151)

	
	BW occupied (MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied (MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied (MHz)
	MCL
	Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied
(MHz)
	MCL
	Network Capacity
	Cell Capacity
(#FD ROs*64)

	Intel
	8.34
	
	
	128
	16.68
	126.9
	
	64
	8.565
	
	
	128
	17.265
	128.7
	
	64

	LG
	
	130.9
	
	
	
	132.6
	
	
	
	
	
	
	
	132.4
	
	

	VIVO
	
	130.5
	4692
	
	
	130.5
	2346
	
	
	
	
	
	
	131.2
	34500
	

	Qualcomm
	
	130
	2208
	
	
	130.4
	1104
	
	
	130.6
	13680
	
	
	132.3
	26450
	

	Ericsson
	
	130.6
	7452
	
	
	
	
	
	
	130.8
	31920
	
	
	
	
	

	Huawei
	
	129.7
	4692
	
	
	131.4
	2346
	
	
	129.7
	22032
	
	
	132.2
	21216
	

	ZTE
	
	
	
	
	
	134.9
	1380
	
	
	
	
	
	
	133.2
	33350
	



Reference case ZC-139
	Company
	15 kHz SCS ZC-139 
	30 kHz SCS ZC-139 

	
	BW occupied (MHz)
	MCL
	Capacity
	Cell Capacity
(#FD ROs*64)
	BW occupied (MHz)
	MCL
	Capacity
	Cell Capacity
(#FD ROs*64)

	Huawei
	2.09
	122.6
	18768
	512
	4.17
	123
	6072
	256

	Ericsson
	
	123.5
	25392
	
	
	124.0
	7176
	

	ZTE
	
	
	
	
	
	124.60
	5520
	

	VIVO
	
	122.9
	18768
	
	
	122.7
	6072
	

	LG
	
	123.6
	
	
	
	124.0
	
	

	Intel
	
	122.1
	
	
	
	122.4
	
	

	Qualcomm
	
	123.6
	8832
	
	
	123.8
	4416
	



Observation: 
· Approximate equal support for long ZC sequence and for legacy length 139 ZC sequence repeated.
· Most results indicate long ZC sequence provides similar MCL compared to Rel. 15 length 139 ZC sequence with repetition for both 30 kHz and 15 kHz SCS.
· Most companies observe that long ZC sequence provides increased capacity compared to Rel. 15 length 139 ZC sequence with repetition for both 30 kHz and 15 kHz SCS.
· Some companies argue that long ZC sequence leads to a lot of specification changes
FL proposal (high priority):
· Decide between long ZC sequence and frequency repetition of length 139 Rel. 15 PRACH sequence
· For long ZC sequence alternative:
· For 15 kHz SCS L_RA= 1151, For 30 kHz SCS L_RA= 571
· FFS: N_cs tables to be decided
· For frequency repetition discuss the following for 15 kHz and 30 kHz:
· Number of repetitions: For 15 kHz SCS, # of repetition (R) = 4/8, For 30 kHz SCS, # of repetition (R) = 2/4
· FFS: Gap between the repetitions: 0/5 REs
· FFS: PAPR/CM reduction method:
· Alt 1:
· For 15 kHz SCS:
· Cyclic shift pattern: [a, a+1, a, a+1, a, a+1, a, a+1]
· Phase shift pattern: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
· For 30 kHz SCS:
· Cyclic shift pattern: [a, a+1, a, a+1]
· Phase shift pattern: [1, 1i, 1i, 1]
· Alt 2: Different Phase rotation and phase ramp values per repetition



LBT Gaps between RACH occasions
Description: In NR-Rel15 back to back RACH Occasions in time can be configured. In NR-U, a UE has to pass LBT before transmitting RACH preamble. The UE may get blocked by a RACH transmission of another UE in the previous RACH occasion. 
The company positions on this topic are summarized in the table below:
	Company
	Position

	Nokia
	Proposal 7: Within a PRACH slot, allocate 16 or 25 us (e.g. provided via configuration) LBT gap before each RO. CP extension can be used to provide the LBT gap so that “normal FFT” window setting can be used at gNB.

	VIVO
	Proposal 11: To reduce the PRACH delay caused by the blockage issue, LBT Gap between RACH occasions should be supported. Following alternatives can be considered.
· Only even or odd numbered time domain RACH occasions in a RACH slot are used based on existing PRACH configuration.

	ZTE
	Observation 2: The most effective way is to configure a SSB mapped to multiple ROs, which would significantly reduce blocking probability, non-continuous ROs and the GP in some preamble formats may consider as supplementary solutions.
Proposal 14: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.

	Fujitsu
	Proposal 2: For NR-U, NR Rel-15 RO configuration should be enhanced to avoid potential blocking between neighboring time-domain ROs. 
Proposal 3: Introduce a gap in number of symbols between neighboring time-domain ROs. Two alternatives can be considered.
•	Alt. 1: Indicate the gap in number of symbols in RO configuration.
•	Alt. 2: Invalidate odd or even ROs in a PRACH slot.

	Mediatek
	Observation 1: Only PRACH configurations with back-to-back RACH occasions may need to introduce LBT gaps. 
Observation 2: It is unclear how severe the blocking issue is in terms the increase of random access latency.
Observation 3: Introduction LBT gaps is only beneficial when the network has a very high load of users and applied a PRACH configuration with back-to-back RACH occasions. However, no system-level simulation results have been presented to identify the potential gain it may provide.
Observation 4: For a PRACH configuration, RACH capacity is automatically reduced when LBT gaps are inserted between RACH occasions regardless of whether they are actually used or not.
Observation 5: For most preamble formats, PRACH configurations with non-back-to-back RACH occasions within a RACH slot can be found. Introduction of LBT gaps is not needed for these configurations.
Observation 6: For a PRACH configuration, SSB-to-RO association results may be different for licensed operation and for unlicensed operation, depending how LBT gaps are implemented. This increases implementation complexity at both UE and gNB sides.
Proposal 10: Introduction of LBT gaps between back-to-back RACH occasions is not supported.


	Samsung
	Proposal 13: NR-U shall support non-consecutive ROs within the same RACH slot, with a gap duration introduced between two neighboring ROs for the PRACH LBT resource overhead

	Intel
	Proposal-7: Introduce LBT gap between neighbouring ROs within a RACH slot to avoid blocking of one UE by RACH transmission of another UE in the previous RO.

	LG 
	Proposal #5: Consider the followings for PRACH preamble format in NR-U.
•	Insertion of CCA gap between adjacent RACH occasions (ROs) in time domain 
o	FFS on duration of the CCA gap (e.g. X usec or Y symbol)
•	Addition of GP (Guard Period) after preamble part in PRACH format 
o	Length of the GP is the same with CP length
Proposal #6: Determine CCA gap between adjacent ROs in time domain by considering LBT type applied for PRACH in terms of the channel access priority class and/or variable CWS (in case of Cat-4 LBT based PRACH transmission).

	Xiaomi
	Proposal 5:  NR-U shall support RO gap configuration on current PRACH formats.

	NTT
	Proposal 9: Rel-15 PRACH configuration table for FR1 and unpaired spectrum may be reused for NR-U operation.
•	Some parameters in the table may be replaced according to the introduction of LBT gap between ROs
Proposal 10: 2 symbols for SCS = 15 kHz and 3 symbols for SCS = 30 kHz before each RO within a PRACH slot should be considered for LBT gap.
•	Enable or disable for LBT gap for PRACH is configured using RRC parameter.

	Qualcomm
	Proposal 6: Introduce gaps between consecutive TDM-ed RACH occasions for UL LBT operation.
· The size of gaps shall match the maximum expected UL LBT duration (e.g. at least larger than that obtained by assuming the largest contention window and no other interferers)
· Gaps should be in units of symbols for easier alignment
· Minimum gap required is 1 or 2 symbols for 15 or 30 kHz SCS respectively
· Gaps can be introduced in the following way:
· Use only the even Rach Occasions within a slot



Feature lead summary
Back to back RACH occasions with small gaps could lead to blocking of a later RACH occasion by RACH transmissions in an earlier RACH occasion. NR RACH formats may need to be enhanced to provide larger gaps to mitigate the blocking issue. 
Summary of company positions:
· NR Rel.15 RO configuration should be enhanced to avoid potential blocking between neighbouring ROs: Fujitsu
· Provide explicit gap: NTT,  Intel, LG, Fujitsu
· Use alternate ROs: QCOM, VIVO, Intel, Samsung, Fujitsu
· Addition of GP after preamble: LG
· FFS: Configure the exact LBT gap
· NR-Rel.15 is sufficient to configure non-blocking occasions, gaps not supported for Rel-16: 
· Solve by implementation: ZTE, Mediatek
FL proposal (not on essential list)
· NR Rel-15 RACH occasion configuration should be enhanced to avoid potential blocking between neighbouring time-domain RACH occasions.
· Even RO s within a slot are valid for NR-U PRACH

Multiplexing PRACH and other channels
Description: In NR-Rel15, it is possible to multiplex RACH resource with PUSCH/PUCCH of another UE in frequency. In NR-U there may be the following issues which may need to be considered while multiplexing PRACH with other channels in frequency.
· PUSCH/PUCCH frequency domain allocation may be interlaced
· PUSCH/PUCCH transmissions blocking RACH transmission due to LBT
· Interference from neighbouring tones.

The positions of different companies on these multiplexing issues are summarized in the table below:
	Company
	Position

	Huawei
	Proposal 10: No solution with specification impact is adopted for handling multiplexing between PRACH and PUSCH/PUCCH.

	ZTE
	Proposal 15: Only TDM of PRACH and other channels is supported.

	Samsung
	Proposal 12: NR-U shall support multiplexing between PRACH and PUSCH/PUCCH in a TDM manner only, at least for initial access purpose.

	VIVO
	Proposal 10: Other UL channel rate match around the RBs of RACH occasions should be allowed, if number of length 139 preamble repetitions is 4 and 2 for SCS = 15 kHz and 30 kHz, respectively.



Feature lead summary:  
Summary of company positions:
· Support TDM only: ZTE, Samsung
· Rate matched around PRACH: VIVO
· No specification change required: Huawei (FDM if no overlap)

Discuss further after concluding on the PRACH waveform.

Virtual PRACH occasions
Description: The SSB to RO mappings in NR-U have to be updated if long PRACH formats are selected. Virtual PRACH occasions address this issue to reduce specification changes in NR-U from NR.
The company positions on this topic are summarized in the table below:
	Company
	Position

	Qualcomm
	Proposal 14: SSB to RO mappings with frequency domain multiplexing are replaced by SSB to VRO mappings, where VROs are a set of 64 long sequences. 
· Each VRO will have different set of root indices configured by gNB



Discussion:
Discuss further if methods to reduce RO overhead need to be considered.
PRACH configuration 
	Company
	Position

	Ericsson
	Proposal 5	Support a higher layer parameter (see below table) in the cell-specific RACH configuration (within RACH-ConfigCommon IE) which indicates to the UE which PRACH sequence mapping shall be used by the UE. The configuration choices are (1) legacy Rel-15 sequence mapping, or (2) enhanced Rel-16 mapping. As in Rel-15, the cell-specific RACH configuration is provided to the UE via SIB1 for the initial UL BWP and is provided to the UE through dedicated signalling for serving cell addition (PSCell or SCell).


RO association
	Company
	Position

	Nokia
	Proposal 6: For NR-U, define association between actually transmitted beams (based on Q and ssb-PositionsInBurst) and ROs/preambles.
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Appendix: Previous agreements
DRS
Agreement: 
· UE assumes 30KHz SCS for SS/PBCH block for 5GHz band and 6GHz band if the SCS is not indicated by higher layers.
· Support configuration by higher layers of 15KHz or 30KHz SCS for SS/PBCH block
· Include this agreement in a LS to RAN4 for inclusion in specs managed by RAN4 

Conclusion:
No changes are required to the time and frequency position of the PSS/SSS/PBCH relative to each other in one PSS/SSS/PBCH block.

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

Agreement:
Only coreset #0 lengths of 1 and 2 symbols are supported for NR-U

Agreement:
Select one of the following options in RAN1 #97:
· Alt 1: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 at least for the first SSB in a slot
· Support Type0-PDCCH in symbol (#6, #7) for length-2 coreset 0 and symbol #6 or symbol #7 for length-1 coreset 0 for the second SSB in a slot
· FFS: configurable between symbols #6 and #7 for the length-1 coreset 0 for the second SSB in a slot
· Alt2: New SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7, #8) for length-2 coreset 0 and symbol (#7) for length-1 coreset 0 for the second SSB in a slot
· Alt 3: Legacy SSB positions in a slot
· Support Type0-PDCCH in symbol (#0, #1) for length-2 coreset 0 and symbol (#0) for length-1 coreset 0 for the first SSB in a slot
· Support Type0-PDCCH in symbol (#7) for coreset 0 for the second SSB in a slot

PRACH
RAN1#93


Agreement:
· An interlaced waveform can have benefits in some scenarios including
· Link budget limited cases with given PSD constraint
· As one option to efficiently meet the occupied channel bandwidth requirement. 
· A waveform contiguous in frequency may be adequate in some scenarios
· To inherit legacy contiguous allocation designs.
Note: It is RAN1’s understanding that the temporal allowance of not meeting occupied channel bandwidth by regulation can be exploited if the minimum bandwidth requirement, e.g., 2 MHz, is satisfied.

RAN1#94 
UL Signals
Agreement:
· For scenarios in which a block-interlaced waveform is used for PUCCH/PUSCH, it has been identified that from FDM-based user-multiplexing standpoint it can be beneficial to have UL channels on a common interlace structure, at least for PUSCH, PUCCH, associated DMRS, and potentially PRACH
· Note: This is only from a user-multiplexing perspective. Other aspects of PRACH design need to be considered, i.e., timing estimation accuracy, miss detection rate, PAPR, RACH capacity, transmission power
· For scenarios in which a contiguous allocation for PUSCH and PUCCH is used, it is beneficial to use contiguous resource allocation for PRACH
· FFS: Potential LBT blocking due to TA difference between FDM’d PUSCH, PUCCH, and PRACH

initial access and mobility section
Agreement: 
If preamble transmissions are dropped due to LBT failure, then
· From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented

RAN1#95
Frame structure

Agreement:
Adopt the following text proposal for section 7.2.1.2 of the TR
------------------------------------------ Start of Text Proposal ----------------------------------------------
It has been identified that support of different numerology candidates at least has the following specification impacts:
· For PRB-based block-interlace design for 15, 30, and 60 kHz SCS, the following spec impacts have been identified: Number of interlaces and number of PRBs per interlace need to be defined; the resource allocation mechanism needs to be defined; channel estimation aspects need to be considered, such as impact on PRG. In addition to the above impact, for sub-PRB-based block-interlace design for 60 kHz SCS, reference signal design (such as DMRS) needs to be revisited and alternative resource allocation mechanism is needed.
· For NR-U DRS design for 15 and 30 kHz SCS, the SS/PBCH block time domain pattern is already supported in Rel-15. For 60 kHz SCS, there is no SS/PBCH block time domain pattern defined in Rel-15. SS/PBCH block to CORESET configuration tables (38.213 Section 13) need to be defined as well.
· For PRACH design for 15, 30, and 60 kHz SCS, signalling mechanism of RACH configuration indicating PRACH numerology may need modification to support more than two numerologies for PRACH for NR-U.
------------------------------------------- End of Text Proposal ---------------------------------------------

The text proposals in Sections 7.1 and 7.2 of R1-1814137 are endorsed for the TR.
Section 7.2
It has been identified that enhancement of one or more legacy PRACH formats is feasible for NR-U. Four potential design alternatives, including no interlacing, have been identified for the frequency mapping of PRACH sequences for NR-U, where consensus on which one(s) to support for NR-U has not yet been achieved:
· Alt-1: Uniform PRB-level interlace mapping
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to all of  the PRBs of one or more of the interlaces in the PRB-based block interlace structure. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that a uniform mapping (equal spacing of PRBs) in the frequency domain produces a zero-autocorrelation zone, of which the duration is inversely proportional to the frequency spacing between the PRBs.
· Alt-2: Non-uniform PRB-level interlace mapping 
· In this approach a PRACH sequence for a particular PRACH occasion is mapped to some or all of  the PRBs of one or more of the interlaces in the same PRB-based block interlace structure used for PUSCH/PUCCH. Within a PRB, either all or a subset of REs are used. Different PRACH occasions are defined using an orthogonal set of PRBs, or an orthogonal set of REs within the PRBs, from one or more same/different interlaces.
· It has been identified that an irregular mapping (non-equal spacing of PRBs/REs) in the frequency domain reduces the false peaks in the PRACH preamble auto-correlation function.
· Alt-3: Uniform RE-level interlace mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion consists of a “comb-like” mapping in the frequency domain with equal spacing between all used REs. Different PRACH occasions are defined by way of different comb offsets.
· Since this approach does not fit with the common PUSCH/PUCCH interlace structure, one source suggests that only TDM multiplexing of PUSCH/PUCCH and PRACH should be supported. Another source suggests that puncturing/rate matching PUSCH/PUCCH around the used PRACH REs may be used. 
· Alt-4: Non-interlaced mapping 
· In this approach, a PRACH sequence for a particular PRACH occasion is mapped to a number of contiguous PRBs, same or similar to NR Rel-15.
· Some sources propose that to fulfill the minimum OCB requirement, that the PRACH sequence is mapped to a set of contiguous PRBs, and the PRACH sequence mapping is repeated across the frequency domain, potentially with guard RE(s)/PRB(s) between repetitions. For each repetition, a different cyclic shift or different base sequence may or may not be applied.

It has been identified that the long PRACH sequence length defined in NR Rel-15 (L = 839) is not beneficial for NR-U, since PRACH formats based on this length are tailored toward large cells not expected in an NR-U deployment. However, when it comes to shorter sequence lengths, some sources propose reusing the short sequence length (L = 139) defined in NR-Rel-15, whereas other sources propose defining new sequence lengths depending on which of the 4 alternatives above is supported.
It has been identified that the following common design attributes need to be considered in the detailed design of an interlaced PRACH waveform for 4-step random access for NR-U when specifications are developed:
· Multiplexing of PRACH and PUSCH/PUCCH, considering block interlaced structure used for PUSCH/PUCCH, e.g.,
· FDM
· TDM
· Supported PRACH sequence and PRACH sequence length(s)
· PRACH capacity
· Number of PRACH preambles per cell
· Number of root sequences
· Number of cyclic shifts
· Number of PRACH occasions
· Maximum supported Tx power
· PAPR/CM
· Number of PRACH formats
· Simulation assumptions for evaluation of performance, e.g.,
· Single vs. multi-cell assumptions
· Performance metrics
· Timing estimation error
· Miss-detection probability
· False-detection probability
· False-alarm probability

RAN1#AH-1901

Agreement: 
Companies are encouraged to provide results comparing the different alternatives using the following simulation assumptions to select between alternative PRACH designs.
· The Rel-15 PRACH design should be simulated as a baseline
	Property
	Value

	Carrier frequency
	5 GHz

	Channel model
	TDL-C

	Delay scaling
	10ns, 100 ns

	Antenna configuration at BS(1)
	(M,N,P) = (1,1,2) with omni-directional antenna element

	Antenna configuration at UE
	Single omni-directional antenna element

	Antenna port virtualization
	No beamforming and no beam selection

	Frequency offset
	0.05ppm (fixed) at TRP, and 0.1 ppm (fixed) at UE

	UE speed
	3 km/h

	Initial timing offset
	Uniformly distributed in [0, 1.2 µs (corresponding to 300 m ISD)]
Optional: Uniformly distributed in [0, 2 µs (corresponding to 500 m ISD)]

	PRACH format
	A1 with other formats optional

	Subcarrier spacing
	15/30 kHz.  (with other SCS optional)

	PRACH sequence and frequency resource allocation 
	For evaluation purpose, the Rel-15 PRACH ZC sequence (with possible length change) should be simulated. Additional/new sequences can be simulated. Each company should provide details on the sequence (type and length) and the resource allocation (e.g., Alt1~Alt4 and detailed mapping).

	Total number of preambles per cell
	64, each company should provide details on how these 64 preambles are generated

	Preamble detector
	Each company should provide details on used algorithm

	Interference assumption
	No interference. 
Optional: -3/0/3dB interference power compared with target PRACH

	Detection Criteria
	1% maximum mis-detection probability(2)

	
	0.1% maximum false alarm probability(3)

	
	maximum timing estimation error being 50% of the normal CP length

	Formatting of results (please also reference Section 8 of R1-1704144 for reporting formats)
	Mis-detection probability vs. SNR

	
	False alarm probability vs. SNR(4)

	
	CDF of timing estimation error

	
	PRACH capacity (maximum number of preambles)

	
	Peak-to-average power ratio and cubic metric

	
	MCL(5)

	(1) See Table 7-1 of R1-1704144
(2) The missed detection probability is defined as the ratio between the total number of transmitted preambles that are either not detected, or detected as a different preamble, or detected but with timing error greater than the maximum value (i.e., 50% of normal CP length), and the total number of transmitted preambles within an observation interval.  
(3) Maximum false alarm probability refers to the case when input at receiver is noise only (considering 64 preamble detectors as in 3GPP TS 36.104, section 8.4.1). 
(4) False alarm probability is defined as the ratio of total number detected but not transmitted preambles, and the total number of possible detection occurrences, where each occurrence (occurrence refers to 64 detections, one for each of the 64 preambles in a cell) is one potential preamble transmission in a RO.
(5) In the MCL calculation, needs to consider the maximum transmit power supported by the PRACH design under PSD limitation and PAPR/EVM characteristic of the design.

Note: Assumptions on the following should be stated
· use of a guard band (if any) 
· definition of SNR
· signal bandwidth used



RAN1#96
Agreement: 

For PRACH proposal comparison, the following metrics are to be provided
· Noise power Np = -174+10*log10(L_RA*SCS)+NF  dBm, with NF=5dB and SCS is in Hz.
· SNR actual corresponds to 1% miss detection probability read from the simulation curve
· P_TX is computed as follows
· Assume 23dBm max power when transmitting legacy PRACH waveform with ZC139
· P_max is the allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme
· P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff
· Backoff is computed as 95% percentile of CCDF of cubic metric over the preambles in the RO
· MCL = P_TX-SNR-Np;
· Number of interlace used for each RO is how many uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) an RO occupies
· For continuous PRACH design, as the RO occupies some RBs from each interlace, “Partial” is marked in the column.
· N_FDM = Number of FDM RACH occasions within 20MHz
· PRACH capacity, with all RO in 20MHz assigned.
	Parameter
	Value
	Notes

	Scheme
	
	Eg. Alt4-ZC139x2

	SCS
	
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	
	Eg. 139, 

	# of repetition (M)
	
	If repetition of sequence is used in freq domain

	N_cs

	
	Eg. 11

	# of RBs used for one RO (N_RB)
	
	# of RBs with PRACH tone assigned. Eg. 12 for ZC139 design

	# of interlaces used by one RO (N_interlace)
	
	# of uniform interlaces (M=5 for 30KHz and M=10 for 15KHz) with RBs used for one PRACH RO

	RACH frequency span (MHz)
	
	The actually used bandwidth with one RO, SCS*L_RA*M

	Noise level, Np (dBm)
	
	Np= -174+10*log10(SCS*L_RA*M)+NF
NF=-5dB

	SNR (dB)
	
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	
	Backoff is computed as 95% percentile of CCDF of cubic metric over the preambles in the RO

	P_TX (dBm)
	
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCS (dB)
	
	MCL = P_TX-SNR-Np

	N_FDM
	
	# of ROs in 20MHz

	Capacity
	
	Across all ROs in 20MHz

	
	
	


RAN1#96 Bis

Agreement:
PRB/RE-interlaced PRACH is not considered further. Consider the following alternatives should be studied further as options.
· Alt 1: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers, with repetitions in frequency
· FFS: Guard bands between repetitions
· FFS: Number of repetitions
· FFS: Whether repetitions are constrained to be contiguous in frequency or not
· Alt 2: A single PRACH sequence mapped to contiguous PRBs according to one of the following alternatives
· Alt 2.1: ZC sequence with longer length than 139
· Alt 2.2: New sequence with longer length than 139

RAN1#97
Agreement:
For a new enhanced design of NR-U PRACH in addition to the Rel-15 design (sequence length of 139) further discussion is limited to the following options
· ZC sequence of the following lengths
· 15 kHz: Choose one of L_RA= [571, 1151]
· 30 kHz: Choose one of L_RA= [283, 571]
· Repetition of Rel-15 PRACH sequences in frequency domain with potentially some mechanisms to improve the cubic metric
· Consider one of 2 and 4 repetitions for 30 kHz and one of 4 and 8 repetitions for 15 kHz
· Note: Decision will be based on previously agreed evaluation metrics, capacity per cell (i.e., number of preambles per RACH occasion and number of RACH occasions) for the same time and frequency resources, specification impact and implementation complexity.
· Note: Companies should state any deviations in assumptions from the agreed evaluation assumptions.

RAN1#98
Agreement:
· No new PRACH formats are specified for operation in unlicensed spectrum.

Appendix: Evaluation results for PRACH proposals
In this section, we present the performance evaluation results for different PRACH proposals from all companies collected from the paper submissions to RAN1 #98 bis. The MCL results are summarized in Table 1 in Section 3.3.2.
ZTE
[bookmark: OLE_LINK22]Table 7: PRACH frequency mapping parameters
	Parameter
	Value
	Value
	Value
	Value
	Value
	Notes

	Scheme
	ZC139x1
	ZC139x4 with phase rotation Method 3
	ZC571x1
	ZC139x8 with phase rotation Method 3
	ZC1151x1
	Eg. Alt4-ZC139x2

	SCS
	30KHz
	30KHz
	30KHz
	15KHz
	15KHz
	15KHz or 30KHz

	PRACH sequence length (L_RA)
	139
	139
	571
	139
	1151
	Eg. 139,

	# of repetition (R)
	1
	4
	1
	8
	1
	If repetition of sequence is used in freq domain

	N_cs

	13
	13
	26
	13
	39
	Eg. 11

	# of RBs used for one RO (N_RB)
	12
	47
	48
	93
	96
	# of RBs occupied by PRACH. Eg. 12 for ZC139 design

	RACH frequency occupancy (MHz)
	4.17
	16.68
	17.13
	16.68
	17.265
	The actually used bandwidth with one RO, SCS*L_RA*R

	Noise level, Np (dBm)
	-102.8
	-96.8
	-96.7
	-96.8
	-96.78
	Np= -174+10*log10(SCS*L_RA*R)+NF
NF=5dB

	SNR (dB)
	-5.6
	-12.0
	-11.8
	-16.0
	-15.7
	SNR needed at 1% misdetection, read from simulation curve

	P_max (dBm)
	16.2
	22.22
	22.34
	22.22
	22.37
	Maximum allowed transmit power under PSD limit of 10dBm/MHz measured in any 1MHz chunk and considers the RBs used by the proposed scheme

	Backoff (dB)
	2.33
	0.50
	2.33
	0.82
	2.33
	Backoff is computed as 95% percentile of CCDF of [cubic metric] over the preambles in the RO. Note: If cubic metric is not used, information on the backoff metric used should be provided.

	P_TX (dBm)
	16.2
	22.22
	20.67
	22.18
	20.67
	P_TX=min(P_max, 23- Backoff) is maximum allowed transmit power for the waveform considering backoff

	MCL (dB)
	124.6
	131.02

	129.17
	134.94
	133.15
	MCL = P_TX-SNR-Np

	N_FDM
	4
	1
	1
	1
	1
	# of ROs in 20MHz

	N_TDM
	2
	2
	2
	2
	2
	# of ROs in 1ms



Proposal 10: New Long PRACH sequences should not be introduced in Rel-16 NR-U.
Proposal 11: Legacy NR PRACH sequence of length 139 mapped to contiguous subcarriers with repetitions in frequency can be supported for NR-U.
Proposal 12: 4 repetitions with the phase rotation for 30KHz SCS and 8 repetitions with the phase rotation for 15KHz SCS can be supported.
Observation 2: The most effective way is to configure a SSB mapped to multiple ROs, which would significantly reduce blocking probability, non-continuous ROs and the GP in some preamble formats may consider as supplementary solutions.
Proposal 14: The enhancement to PRACH preamble formats to introduce LBT gaps in time domain between PRACH occasions is not necessary and should not be supported in Rel-16.
Huawei
Table 6. Performance of different PRACH schemes with 30 kHz SCS
	Scheme
	
	
	
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	PRACH capacity

	ZC139 (A1)
	139
	1
	4
	4.17
	-102.80
	-4.05
	16.12
	2.33
	16.12
	122.97
	6072       (92 cells)

	ZC139 (A3)
	139
	1
	4
	4.17
	-102.80
	-8.49
	16.12
	2.33
	16.12
	127.41
	6072       (92 cells)

	ZC139x2 (Ericsson)
	139
	2
	2
	8.34
	-99.79
	-7.54
	19.13
	1.80
	19.13
	126.46
	3036       (46 cells)

	ZC139x2 (LGE)
	139
	2
	2
	8.34
	-99.79
	-7.63
	19.13
	2.52
	19.13
	126.55
	3036       (46 cells)

	ZC283*
	283
	1
	2
	8.49
	-99.71
	-7.64
	19.20
	2.33
	19.20
	126.55
	7896     (112 cells)

	
	
	
	
	
	
	
	
	1.84
	
	
	6440    (92 cells)

	
	
	
	
	
	
	
	
	0.68
	
	
	3220    (46 cells)

	ZC139x4 (Ericsson)
	139
	4
	1
	16.68
	-96.78
	-10.97
	22.14
	0.50
	22.14
	129.89
	1518       (23 cells)

	ZC139x4 (LGE)
	139
	4
	1
	16.68
	-96.78
	-11.05
	22.14
	2.15
	20.85
	128.68
	1518       (23 cells)

	ZC571*
	571
	1
	1
	17.13
	-96.66
	-11.18
	22.25
	2.33
	20.67
	128.51
	7980     (114 cells)

	
	
	
	
	
	
	
	
	1.83
	21.17
	129.01
	6440    (92 cells)

	
	
	
	
	
	
	
	
	0.35
	22.25
	130.09
	1610    (23 cells)


*For the single long ZC sequences, we provide the 95% CM values using all preambles or by choosing a subset of preambles with the lowest CM values that results in the same PRACH capacity as of the length-139 ZC sequence based schemes.
Table 7. Performance of different PRACH schemes with 15 kHz SCS
	Scheme
	
	
	
	 (MHz)
	 (dBm)
	 (dB)
	 (dBm)
	95% CM (dB)
	 (dBm)
	MCL (dB)
	PRACH capacity

	ZC139 (A1)
	139
	1
	8
	2.085
	-105.81
	-3.64
	13.17
	2.33
	13.17
	122.62
	18768   (272 cells)

	ZC139 (A3)
	139
	1
	8
	2.085
	-105.81
	-7.58
	13.17
	2.33
	13.17
	126.56
	18768   (272 cells)

	ZC139x4 (Ericsson)
	139
	4
	2
	8.34
	-99.79
	-10.53
	19.19
	0.50
	19.19
	129.51
	4692       (68 cells)

	ZC139x4 (LGE)
	139
	4
	2
	8.34
	-99.79
	-10.70
	19.19
	2.15
	19.19
	129.68
	4692       (68 cells)

	ZC571*
	571
	1
	2
	8.565
	-99.67
	-10.74
	19.31
	2.33
	19.31
	129.72
	30780   (380 cells)

	
	
	
	
	
	
	
	
	1.70
	
	
	22032 (272 cells)

	
	
	
	
	
	
	
	
	0.32
	
	
	5508    (68 cells)

	ZC139x8 (LGE)
	139
	8
	1
	17.205
	-96.78
	-13.89
	22.20
	2.26
	20.74
	131.41
	2346    (34 cells)

	ZC1151*

	1151

	1

	1

	17.265

	-96.63

	-14.27

	22.35

	2.33
	20.67
	131.57
	29900   (383 cells)

	
	
	
	
	
	
	
	
	1.68
	21.32
	132.22
	21216 (272 cells)

	
	
	
	
	
	
	
	
	-0.05
	22.35
	133.25
	2652    (34 cells)


*For the single long ZC sequences, we provide the 95% CM values using all preambles or by choosing a subset of preambles with the lowest CM values that results in the same PRACH capacity as of the length-139 ZC sequence based schemes.

Proposal 7: The NR-U PRACH is based on a single ZC sequence with the following lengths:
	For 15 kHz SCS: L_RA=1151
	For 30 kHz SCS: L_RA=571
	For 60 kHz SCS: L_RA=139
Proposal 8: The following cyclic shifts are used for ZC sequences of length N_ZC:
	If N_ZC=283:  N_CS∈{0,4,5,6,7,8,10,12,15,20,25,31,40,56,94,141}
	If N_ZC=571:  N_CS∈{0,8,10,12,15,17,21,25,31,40,51,63,81,114,190,285}
	If N_ZC=1151:  N_CS∈{0,17,21,25,30,35,44,52,63,82,104,127,164,230,383,575}
Proposal 9: The logical root indices i=0,1,2,3,4,5,⋯ are mapped to the sequence root indices u as 1,N_ZC-1,2,N_ZC-2,3,N_ZC-3,⋯.  

VIVO
[bookmark: _Ref20413460]Table 2  MCL and capacity comparison for different PRACH design with 15kHz SCS
	Scheme
	L=139 
(Rel-15)
	L=1151
	L=139 x 2
	L=139 x 4
	L=139 x 8
	L = 571 x 2

	SCS(kHz)
	15
	15
	15
	15
	15
	15

	PRACH sequence length (L_RA)
	139
	1151
	139
	139
	139
	571

	# of repetition (R)
	1
	1
	2
	4
	8
	2

	N_cs
	8
	38
	8
	8
	8
	20

	# of RBs used for one RO (N_RB)
	12
	96
	12
	12
	12
	48

	RACH frequency occupancy (MHz)
	2.085
	17.265
	4.17
	8.34
	16.68
	17.13

	Noise level, Np (dBm)
	-105.81 
	-96.63 
	-102.80 
	-99.79 
	-96.78 
	-96.66 

	SNR (dB)
	-3.77
	-13.86
	-6.56
	-11.3
	-13.37
	-14.19

	P_max (dBm)
	13.34 
	22.38 
	16.35 
	19.37 
	22.38 
	22.38 

	Backoff (dB)
	2.32
	2.33
	2.65
	2.52
	2.63
	2.66

	P_TX (dBm)
	13.34 
	20.67 
	16.35 
	19.37 
	20.37 
	20.34 

	MCL (dB)
	122.92 
	131.16 
	125.71 
	130.45 
	130.52 
	131.19 

	N_FDM
	8
	1
	4
	2
	1
	1

	Capacity
	18768
	34500
	9384
	4692
	2346
	15960



[bookmark: _Ref20413552]Table 3   MCL and capacity comparison for different PRACH design with 30kHz SCS
	Scheme
	L=139 
(Rel-15)
	L=571
	L=139 x 2
	L=139 x 4
	L=283 x 2

	SCS(kHz)
	30
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	599
	139
	139
	283

	# of repetition (R)
	1
	1
	2
	4
	2

	N_cs
	12
	38
	12
	12
	20

	# of RBs used for one RO (N_RB)
	12
	48
	12
	12
	24

	RACH frequency occupancy (MHz)
	4.17
	17.97
	8.34
	16.68
	16.98

	Noise level, Np (dBm)
	-102.80 
	-96.45 
	-99.79 
	-96.78 
	-96.70 

	SNR (dB)
	-3.58
	-11.11
	-8.48
	-11.39
	-11.47

	P_max (dBm)
	16.35 
	22.38 
	19.37 
	22.38 
	22.38 

	Backoff (dB)
	2.32
	2.33
	2.65
	2.52
	2.66

	P_TX (dBm)
	16.35 
	20.67 
	19.37 
	20.48 
	20.34 

	MCL (dB)
	122.73 
	128.23 
	127.63 
	128.65 
	128.51 

	N_FDM
	4
	1
	2
	1
	1

	Capacity
	6072
	8970
	3036
	1518
	3948



Observation 1: Obvious CM reduction can be achieved if phase rotation is applied to preambles repeated in frequency.
Observation 2: Long sequence and preamble repetition can achieve similar MCL performance.
Observation 3: More number of preamble repetitions in frequency domain does not necessary bring about noteworthy MCL gain.
Observation 4: The phase rotation applied on preamble is transparent to the receiver since gNB can detect the preambles without knowing the phase rotations on the preamble repetitions.
Observation 5: For preamble repetition scheme, the cubic metric variation among different cyclic shifts for a root sequence is negligible.
Observation 6: Symmetric cubic metric distribution for PRACH can also achieved for preamble repetition scheme.
Observation 7: The cubic metric profile trend for preamble repetition scheme is the same as that for Rel-15 PRACH preamble.
Observation 8: NRU PRACH occupying about half of the resource in sub band, i.e. 4 repetitions for 15 kHz and 2 repetitions for 30 kHz, have advantages over preamble repeated across the whole sub band in multiplexing with other channels.
Observation 9: Rel-15 length 139 preamble repeated in contiguous REs in frequency domain have less spec impact compared with long preamble sequence with or without repetition.
Proposal 8: Length-139 preamble based repetition should be adopted for NRU PRACH.
Proposal 9: Phase rotation should be applied to the preamble repetitions to limit the cubic metric of NRU PRACH with multiple preamble repetitions where the phase rotation combination for multiple preambles is defined (e.g. Table 1)
LG
Table 3. MCLs for different PRACH preamble mapping (Case 1/2/3/4, 30 kHz SCS).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x2 (Case 2)
	Alt4-ZC139x4 (Case 3)
	Alt4-ZC571 (Case 4)

	SCS
	30 kHz
	30 kHz
	30 kHz
	30 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	571

	# of repetition (R)
	1
	2
	4
	1

	N_cs
	11
	11
	11
	47

	# of RBs used for one RO (N_RB)
	12
	24
	48
	48

	# of interlaces used by one RO (N_interlace)
	-
	-
	-
	-

	RACH frequency occupancy (MHz)
	30k*139*1 = 4.17M
	30k*139*2 = 8.34M
	30k*139*4 = 16.68M
	30k*571*1 = 17.13M

	Noise level, Np (dBm)
	-174 + 10log10(4.17M) + 5 = -102.8
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8
	-174 + 10log10(17.13M) + 5 = -96.7

	SNR (dB) [4]
	-5
	-9.4
	-11.9
	-12.2

	P_max (dBm)
	10+10log10(4.17) = 16.2
	10+10log10(8.34) = 19.2
	10+10log10(16.68) = 22.2
	10+10log10(17.13) = 22.3

	Backoff (dB)
	1.9750
	2.127
	1.804
	1.989

	P_TX (dBm)
	min(16.2, 23-1.9750) = 16.2
	min(19.2, 23-2.127) = 19.2
	min(22.2, 23-1.804) = 21.196
	min(22.3, 23-1.989) = 21.011

	MCL (dB)
= P_TX-SNR-Np
	16.2-(-5)-(-102.8) = 124.0
	19.2-(-9.4)-(-99.8) = 128.4
	21.196-(-11.9)-(-96.8) = 129.896
	21.011-(-12.2)-(-96.7) = 129.911

	N_FDM
(# of ROs in 20MHz)
	4
	1
	1
	1

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	4*64 = 256
	1*64 = 64
	1*64 = 64
	1*64 = 64



Table 4. MCLs for different PRACH preamble mapping (Case 1/2/3/4, 15 kHz SCS).
	Parameter
	Value
	Value
	Value
	Value

	Scheme
	Rel-15 (Case 1)
	Alt4-ZC139x4 (Case 2)
	Alt4-ZC139x8 (Case 3)
	Alt4-ZC1151 (Case 4)

	SCS
	15 kHz
	15 kHz
	15 kHz
	15 kHz

	PRACH sequence length (L_RA)
	139
	139
	139
	1151

	# of repetition (R)
	1
	4
	8
	1

	N_cs
	11
	11
	11
	95

	# of RBs used for one RO (N_RB)
	12
	48
	96
	96

	# of interlaces used by one RO (N_interlace)
	-
	-
	-
	-

	RACH frequency occupancy (MHz)
	15k*139*1 = 2.085M
	15k*139*4 = 8.34M
	15k*139*8 = 16.68M
	15k*1151*1 = 17.265M

	Noise level, Np (dBm)
	-174 + 10log10(2.085M) + 5 = -105.81
	-174 + 10log10(8.34M) + 5 = -99.8
	-174 + 10log10(16.68M) + 5 = -96.8
	-174 + 10log10(17.265M) + 5 = -96.6

	SNR (dB) [4]
	-4.6
	-11.9
	-14.7
	-14.8

	P_max (dBm)
	10+10log10(2.085) = 13.19
	10+10log10(8.34) = 19.21
	10+10log10(16.68) = 22.22
	10+10log10(17.265) = 22.37

	Backoff (dB)
	1.975
	1.805
	1.899
	1.976

	P_TX (dBm)
	min(13.19, 23-1.975) = 13.19
	min(19.21, 23-1.805) = 19.21
	min(22.22, 23-1.899) = 21.101
	min(22.37, 23-1.976) = 21.024

	MCL (dB)
= P_TX-SNR-Np
	13.19-(-4.6)-(-105.81) = 123.6
	19.21-(-11.9)-(-99.8) = 130.91
	21.101-(-14.7)-(-96.8) = 132.601
	21.024-(-14.8)-(-96.6) = 132.424

	N_FDM
(# of ROs in 20MHz)
	8
	2
	1
	1

	# of preambles per RO
	64
	64
	64
	64

	Capacity
	8*64 = 512
	2*64 = 128
	1*64 = 64
	1*64 = 64



Observation #1: In 30 kHz subcarrier spacing, four PRACH sequence repetition and the length-571 contiguous mapping PRACH sequence could obtain almost same MCL.
Observation #2: In 15 kHz subcarrier spacing, eight PRACH sequence repetition and the length-1151 contiguous mapping PRACH sequence could obtain almost same MCL.
Observation #3: Single long PRACH sequence with contiguous mapping is not preferred (thus, not supported) for NR-U.
Proposal #3: 
•	PRACH transmission over 4 ROs for 30 kHz SCS and 8 ROs for 15 kHz SCS in a single LBT-subband is supported for NR-U, wherein each RO has 12 RBs.
•	Same length-139 PRACH preamble sequence is mapped to subcarriers #2 to #140 in each RO, with both phase rotation and cyclic shift across ROs.
•	PRACH preamble sequence generation, PRACH preamble format, and PRACH OFDM symbol generation are the same as in Rel-15 NR.
Proposal #4: Support following PAPR/CM reduction mechanism with both phase rotation and cyclic shift.
•	For 15 kHz subcarrier spacing,
o	Cyclic shift pattern: [a, a+1, a, a+1, a, a+1, a, a+1]
o	Phase shift pattern: [1, 1i, 1i, -1, -1, 1i, 1i, 1]
•	For 30 kHz subcarrier spacing, 
o	Cyclic shift pattern: [a, a+1, a, a+1]
o	Phase shift pattern: [1, 1i, 1i, 1]

Qualcomm
[bookmark: _Ref6921352]Table 4. MCL values for different frequency allocation schemes for SCS=30kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x2
	ZC-139x4
	ZC-571
	ZC-283

	SCS
	30
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	139
	139
	571
	283

	# of repetition (R)
	1
	2
	4
	1
	1

	N_cs
	17
	17
	17
	41
	34

	# of RBs used for one RO (N_RB)
	12
	24
	48
	48
	24

	# of interlaces used by one RO (N_interlace)
	N/A
	N/A
	N/A
	N/A
	N/A

	RACH frequency occupancy (MHz)
	4.17
	8.34
	16.68
	17.13
	8.49

	Noise level, Np (dBm)
	-102.8
	-99.8
	-96.8
	-96.66
	-99.7

	SNR (dB)
	-4.81
	-8.69
	-12.52
	-11.89
	-8.68

	P_max (dBm)
	16.2
	19.2
	22.2
	22.33
	19.28

	Backoff (dB)
	2.34
	3.04
	4.27
	2.34
	2.34

	P_TX (dBm)
	16.2
	19.2
	18.73
	20.66
	19.28

	P_TX with updated formula
	16.2
	19.2
	20.73
	22.33
	19.28

	MCL (dB)
	123.8
	127.69
	128.05
	129.21
	127.66

	MCL with updated formula
	123.8
	127.69
	130.05
	130.88
	127.66

	N_FDM
	4
	2
	1
	1
	2

	Capacity
	4416
	2208
	1104
	7410
	4512




[bookmark: _Ref6921878]Table 5. MCL values for different frequency allocation schemes for SCS=15 kHz
	Parameter
	Value

	Scheme
	Rel 15, ZC-139
	ZC-139x4
	ZC-139x8
	ZC-1151
	ZC-571

	SCS
	15
	15
	15
	15
	15

	PRACH sequence length (L_RA)
	139
	139
	139
	1151
	571

	# of repetition (R)
	1
	4
	4
	1
	1

	N_cs
	17
	17
	17
	50
	46

	# of RBs used for one RO (N_RB)
	12
	24
	96
	96
	48

	# of interlaces used by one RO (N_interlace)
	N/A
	N/A
	N/A
	N/A
	N/A

	RACH frequency occupancy (MHz)
	2.085
	8.34
	16.68
	17.265
	8.565

	Noise level, Np (dBm)
	-105.81
	-99.8
	-96.79
	-96.63
	-99.67

	SNR (dB)
	-4.63
	-11.48
	-14.86
	-14.97
	-11.65

	P_max (dBm)
	13.19
	19.2
	22.22
	22.37
	19.32

	Backoff (dB)
	2.34
	4.29
	4.29
	2.34
	2.34

	P_TX (dBm)
	13.19
	18.71
	18.71
	20.66
	19.32

	P_TX with updated formula
	13.19
	20.71
	20.71
	22.37
	19.32

	MCL (dB)
	123.63
	129.99
	130.36
	132.26
	130.64

	MCL with updated formula
	123.63
	131.99
	132.36
	133.97
	130.64

	N_FDM
	8
	2 
	1
	1
	2

	Capacity
	8832
	2208
	1104
	26473
	13680



Observation 8: Long ZC sequence with contiguous allocation has the maximum capacity for both SCS =15 and 30 kHz.
Observation 9: Long ZC sequence with contiguous allocation have lower CM than repeated 139 length ZC sequences even with the application of CM reduction methods.
Observation 10: Long ZC sequence with full band contiguous allocation with L_RA=1151 and 571 have better MCL than long ZC sequence with half band contiguous allocation L_RA=571 and 283, respectively for 15/30 kHz SCS.
Observation 11: Long ZC sequence with contiguous allocation provides the best MCL value for both SCS =15 kHz and 30 kHz. Note that, the P_TX computation is pessimistic. If the P_TX formula is updated as min(P_max, 23+X-Backoff)), X =2, then Alt4 (long continuous allocation) has even better MCL gains.
Proposal 12: The root sequences for long ZC sequence are chosen as 1, L_RA-1, 2, L_RA-2, ….
Proposal 13: N_CS values are chosen as follows:
	15 kHz: N_CS∈ \{0,17,33,50,66,83,99,108,124,141,157,190,224,282,381,571\},
	30 kHz: N_CS∈ \{0,8,16,25,33,41,49,53,62,70,78,94,111,140,189,283\}.
Proposal 14: SSB to RO mappings with frequency domain multiplexing are replaced by SSB to VRO mappings, where VROs are a set of 64 long sequences. 
Each VRO will have different set of root indices configured by gNB
Proposal 15: Long ZC sequence with contiguous frequency allocation should be used for NRU PRACH. Following ZC sequence lengths are supported:
	For 15 kHz: L_RA=1151
	For 30 kHz: L_RA=571.
Ericsson
Table 10: Metrics summary for 15 kHz SCS and delay scaling 100 ns
	Parameter
	Value

	Scheme
	ZC139
(Rel-15)
	ZC571
	ZC139x4
	ZC139x4, 
CM reduction

	SCS (kHz)
	15
	15
	15
	15

	PRACH sequence length (L_RA)
	139
	571
	139
	139

	# of repetition (R)
	1
	1
	4
	4

	N_cs
	6
(i.e. 23 shifts)
	20
(i.e. 28 shifts)
	5
(i.e. 27 shifts)
	5
(i.e. 27 shifts)

	# of RBs used for one RO (N_RB)
	12
	48
	48
	48

	# of interlaces used by one RO (N_interlace)
	N/A
(Contiguous PRB design)
	N/A
(Contiguous 
PRB design)
	N/A
(Contiguous PRB design)
	N/A
(Contiguous PRB design)

	RACH frequency occupancy (MHz) (1)
	2.085
	8.565
	8.340
	8.340

	Noise level, Np (dBm) (1)
	-105.8
	-99.7
	-99.8
	-99.8

	SNR (dB) corresponding to 1% missed detection probability
	-4.5
	-11.8
	-11.7
	-11.6

	P_max (dBm) (2)
	13.2
	19.3
	19.2
	19.2

	Backoff (dB) (3)
	2.3
	2.3
	5.4
	0.5

	P_TX (dBm)
	13.2
	19.3
	17.6
	19.2

	MCL (dB)
	123.5
	130.8
	129.1
	130.6

	N_FDM
	8
	2
	2
	2

	Capacity for full network (per time-domain PRACH occasion) (4)
	813823 =
 25392
	257028 =
 31920
	213827 =
 7452
	213827 =
 7452

	Capacity for one cell (per time-domain PRACH occasion) (5)
	864 =
 512
	264 =
 128
	264 =
 128
	264 =
 128

	(1) Only includes used subcarriers, for consistency with the SNR definition used in simulations. 
(2) Based on the assumption of a max PSD of 10 dBm per 1 MHz interval. All four designs have a maximum of 66.7 subcarriers within 1 MHz.
(3) Backoff based on 95th percentile of the CCDF of cubic metric.
(4) Obtained as # of freq domain ROs * # of roots * # of cyclic shifts, for the agreed simulation assumptions (300 m ISD).
(5) Obtained as # of freq domain ROs * 64.



Table 11: Metrics summary for 30 kHz SCS and delay scaling 100 ns
	Parameter
	Value

	Scheme
	ZC139
(Rel-15)
	ZC283
	ZC139x2
	ZC139x2, 
CM reduction

	SCS (kHz)
	30
	30
	30
	30

	PRACH sequence length (L_RA)
	139
	283
	139
	139

	# of repetition (R)
	1
	1
	2
	2

	N_cs
	10
(i.e. 13 shifts)
	20
(i.e. 14 shifts)
	10
(i.e. 13 shifts)
	10
(i.e. 13 shifts)

	# of RBs used for one RO (N_RB)
	12
	24
	24
	24

	# of interlaces used by one RO (N_interlace)
	N/A
(Contiguous PRB design)
	N/A
(Contiguous 
PRB design)
	N/A
(Contiguous PRB design)
	N/A
(Contiguous PRB design)

	RACH frequency occupancy (MHz) (1)
	4.170
	8.490
	8.340
	8.340

	Noise level, Np (dBm) (1)
	-102.8
	-99.7
	-99.8
	-99.8

	SNR (dB) corresponding to 1% missed detection probability
	-5.0
	-8.7
	-8.6
	-8.6

	P_max (dBm) (2)
	16.2
	19.3
	19.2
	19.2

	Backoff (dB) (3)
	2.3
	2.3
	2.7
	1.8

	P_TX (dBm)
	16.2
	19.3
	19.2
	19.2

	MCL (dB)
	124.0
	127.7
	127.6
	127.6

	N_FDM
	4
	2
	2
	2

	Capacity for full network (per time-domain PRACH occasion) (4)
	413813 =
 7176
	228214 =
 7896
	213813 =
 3588
	213813 =
 3588

	Capacity for one cell (per time-domain PRACH occasion) (5)
	464 =
 256
	264 =
 128
	264 =
 128
	264 =
 128

	(1) Only includes used subcarriers, for consistency with the SNR definition used in simulations. 
(2) Based on the assumption of a max PSD of 10 dBm per 1 MHz interval. All four designs have a maximum of 33.3 subcarriers within 1 MHz.
(3) Backoff based on 95th percentile of the CCDF of cubic metric.
(4) Obtained as # of freq domain ROs * # of roots * # of cyclic shifts, for the agreed simulation assumptions (300 m ISD).
(5) Obtained as # of freq domain ROs * 64.



Proposal 5	Support a higher layer parameter (see below table) in the cell-specific RACH configuration (within RACH-ConfigCommon IE) which indicates to the UE which PRACH sequence mapping shall be used by the UE. The configuration choices are (1) legacy Rel-15 sequence mapping, or (2) enhanced Rel-16 mapping. As in Rel-15, the cell-specific RACH configuration is provided to the UE via SIB1 for the initial UL BWP and is provided to the UE through dedicated signalling for serving cell addition (PSCell or SCell).
Proposal 6	RAN1 to downselect to one of the following options in RAN1#99 (Ericsson view is that either is acceptable):
•	Option 1: Long ZC with supported lengths 283, 571, 1151
•	Option 2-2: Repetition without gaps with supported repetition factors 2, 4, and 8
Sequence length/repetition factor is configurable (indicated by broadcast (SIB1) and dedicated signalling).
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