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The WI on NR extension up to 71 GHz in Rel-17 was finalized in the previous RAN1 #107-bis-e meeting. In this contribution, we discuss remaining open aspects related to initial access for extending NR up to 71 GHz.

Discussion on Initial Access Aspects

Signaling of NSSBQCL in MIB
According to the latest agreement from RAN2, the spare bit from MIB cannot be used for indicating  value [1]. This means that the working assumption on 2-bit indication of  made by RAN1 should be revisited. The following options could be used to address the issue:
· Option 1: As the subcarrierSpacingCommon bit from MIB is still available, use 1-bit indication for  value. In this case, RAN1 should further decide on a set of  values. Possible candidates are {16, 64} or {32, 64}.
· Option 2: Joint coding of  with some other parameter from MIB. Currently, there are three values of  agreed in RAN1 {16, 32, 64}. Theoretically, it’s possible to combine them with the values of some other parameter assuming this parameter does not use all the states available from its bit indication. One example is , which currently requires 11 states, could be combined with  (3 states) thus producing 33 joint states. Then, if one state from 33 joint states could be removed/restricted, the resulting 32 joint states could be encoded using 5 bits.
· Option 3: Support only even values of . Take 1 bit from  indication and support 2-bit indication of .
· Option 4: Do not support 96 PRB and do not support Mux Pattern 3. Use 1 bit from CORESET#0 configuration to support 2-bit indication of .
The last option (Option 4) is not universal for SCS 120 kHz and SCS 480 kHz/960 kHz. There are working assumptions on supporting both 96 PRBs and Mux Pattern 3 only for SCS 480 kHz/960 kHz whereas there is the agreement on supporting 96 PRBs for SCS 120 kHz. Therefore, the entries corresponding to 96 PRB CORESET#0 configuration cannot be removed for SCS 120 kHz. Option 2 potentially requires a lot of specification changes and is not preferred at the stage of maintenance of NR Rel-17.
Between Option 1, 2, and 3, the option 2 and 3 is preferred as it keeps the larger set of  values. In order to borrow 1 bit from  field of MIB, RAN1 should send an LS to RAN4 asking the group about possibility of reducing the width of the  field by 1 bit. This is because currently there is an ongoing work on channel and sync raster design in RAN4. Based on the outcome of this work, there could be an extra bit not used for , for example, if RAN4 conclude that only even values for  parameter are supported.
Proposal 1:
· Working assumption: Use 2 bits for : subcarrierSpacingCommon and 1 bit borrowed from indication.
· Send an LS to RAN4 for confirming borrowing 1 bit from  field of MIB.

CORESET#0 Configuration
Based on LS from RAN4 [2], the CORESET#0 configuration should be defined such that it can support floating channelization for licensed operation in 66 to 71 GHz with an assumption that GSCN are sub-sampled by 3 for 120 kHz cases and by 12 for 480 kHz cases. Based on this we provide some analysis of potential RB offsets required to support all potential cases.
For the analysis we assume the following for potential channels for licensed operation:
· Valid ARFCN for 120kHz with 100 MHz licensed operation: 271333-<2>-2794999 (i.e. increments of 2 (which is 120 kHz) from 271333 to 2794999)
· Total of 408834 potential channels
· Valid ARFCN for 120kHz with 400 MHz licensed operation: 2715833-<8>-2792499
· Total of 38334 potential channels 
· Valid ARFCN for 480kHz with 400 MHz licensed operation: 	2715835-<2>-2792499
· Total of 9584 potential channels
· Valid ARFCN for 480kHz with 800 MHz licensed operation: 2719171-<8>-2789163
· Total of 8750 potential channels 
· Valid ARFCN for 480kHz with 1600 MHz licensed operation: 2725835-<8>-2782499
· Total of 7084 potential channels
· Valid ARFCN for 960kHz with 400 MHz licensed operation: 2715843-<2>-2792499
· Total of 4792 potential channels
· Valid ARFCN for 960kHz with 800 MHz licensed operation: 2719171-<8>-2789155
· Total of 4375 potential channels 
· Valid ARFCN for 960kHz with 1600 MHz licensed operation: 2725843-<8>-2782499
· Total of 3542 potential channels
· Valid ARFCN for 960kHz with 2000 MHz licensed operation: 2729171-<8>-2779155
· Total of 3125 potential channels

For the analysis we assume the following for potential synchronization positions for licensed operation:
· For 120 kHz GSCN = {24674 + 3*N}, where N = [0:95]
· For 480 kHz GSCN = {24677 + 12*N}, where N = [0:23]
· For 960 kHz GSCN = {24683 + 6*N}, where N = [0:45]
It should be noted that even if we shift the GSCN for 120/480/960 kHz such that valid GSCN entries are sub-sampling slightly different set of entries, e.g. for 120 kHz GSCN of 24675 + 3*N or 24676 + 3*N, we have found that there is no difference in the outcome of the analysis.
We start with finding how many of the potential channels can be supported with the smallest set of RB offsets. We assume the following for the minimum set of RB offsets (Set A):
· For 120 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: 14 RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
· For 480/960 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: 0 RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset


Figure 1. Illustration of required offsets for 48 PRB (Set A). The maximum number of PRB for 120 kHz SCS and 100 MHz channel is 60. The SS block (20 PRB) is centered around the CORESET#0 (48 PRB) with 14 PRB on either side.
We assume the following for the extended set of RB offsets (Set B) which are additional RB offsets on top of Set A:
· For 120 kHz
· Multiplexing pattern 1 with 24 RBs: (same as Set A)
· Multiplexing pattern 1 with 48 RBs: {0, 28} RB offset (in addition to 14 from Set A)
· Multiplexing pattern 1 with 96 RBs: (same as Set A)
· Multiplexing pattern 3 with 24 RB: 24 RB offset (in addition to -20/-21 from Set A)
· Multiplexing pattern 3 with 48 RB: 48 RB offset (in addition to -20/-21 from Set A)
· For 480 kHz
· Multiplexing pattern 1 with 24 RBs: (same as Set A)
· Multiplexing pattern 1 with 48 RBs: {14, 28} RB offset (in addition to 0 from Set A)
· Multiplexing pattern 1 with 96 RBs: 38 RB offset (in addition to 0 from Set A)
· Multiplexing pattern 3 with 24 RB: 24 RB offset (in addition to -20/-21 from Set A)
· Multiplexing pattern 3 with 48 RB: 48 RB offset (in addition to -20/-21 from Set A)
· For 960 kHz
· Multiplexing pattern 1 with 24 RBs: 4 RB offset (in addition to 14 from Set A)
· Multiplexing pattern 1 with 48 RBs: (same as Set A)
· Multiplexing pattern 1 with 96 RBs: (same as Set A)
· Multiplexing pattern 3 with 24 RB: (same as Set A)
· Multiplexing pattern 3 with 48 RB: (same as Set A)

Based on minimal RB offset Set A, and extended RB offset Set B, we provide support coverage analysis of various CORESET#0 configurations in Table 1. In the table, if specific CORESET#0 configurations are not listed, such as support multiplexing pattern 1 with 96 RBs for 120 kHz with 100 MHz, this is because the channel bandwidth will not support that specific CORESET#0 configuration with any RB offset due to bandwidth limitation. In Table 1, the percentage of covered cases are shown for Set A and Set B RB offsets. Please note all analysis was performed with 86% spectrum efficiency assumption for occupied channel bandwidth.
Table 1. Coverage of supported channels with different set of RB offsets
	SCS
	Bandwidth
	CORSET#0
	Set A
	Set B

	120 kHz
	100 MHz
	Mux 1 - 24 RB
	100%
(40834/40834 cases)
	100%
(40834/40834 cases)

	
	
	Mux 1 - 48 RB
	47.4%
(19337/40834 cases)
	94.4%
(38566/40834 cases)

	
	
	Mux 3 - 24 RB
	44.7%*
(18242/40834 cases)
	44.7%*
(18242/40834 cases)
No change from Set A

	
	400 MHz
	Mux 1 - 24 RB
	100%
(38334/38334 cases)
	100%
(38334/38334 cases)

	
	
	Mux 1 - 48 RB
	100%
(38334/38334 cases)
	100%
(38334/38334 cases)

	
	
	Mux 1 - 96 RB
	100%
(38334/38334 cases)
	100%
(38334/38334 cases)

	
	
	Mux 3 - 24 RB
	100%
(38334/38334 cases)
	100%
(38334/38334 cases)

	
	
	Mux 3 - 48 RB
	100%
(38334/38334 cases)
	100%
(38334/38334 cases)

	480 kHz
	400 MHz
	Mux 1 - 24 RB
	100%
(9584/9584 cases)
	100%
(9584/9584 cases)

	
	
	Mux 1 - 48 RB
	35.8%
(3433/9584 cases)
	94.5%
(9056/9584 cases)

	
	
	Mux 3 - 24 RB
	44.3%*
(4247/9584 cases)
	44.3%*
(4247/9584 cases)
No change from Set A

	
	800 MHz
	Mux 1 - 24 RB
	100%
(8750/8750 cases)
	100%
(8750/8750 cases)

	
	
	Mux 1 - 48 RB
	100%
(8750/8750 cases)
	100%
(8750/8750 cases)

	
	
	Mux 1 - 96 RB
	69.0%
(6034/8750 cases)
	100.0%
(8750/8750 cases)

	
	
	Mux 3 - 24 RB
	100%
(8750/8750 cases)
	100%
(8750/8750 cases)

	
	
	Mux 3 - 48 RB
	100%
(8750/8750 cases)
	100%
(8750/8750 cases)

	
	1600 MHz
	Mux 1 - 24 RB
	100%
(7084/7084 cases)
	100%
(7084/7084 cases)

	
	
	Mux 1 - 48 RB
	100%
(7084/7084 cases)
	100%
(7084/7084 cases)

	
	
	Mux 1 - 96 RB
	100%
(7084/7084 cases)
	100%
(7084/7084 cases)

	
	
	Mux 3 - 24 RB
	100%
(7084/7084 cases)
	100%
(7084/7084 cases)

	
	
	Mux 3 - 48 RB
	100%
(7084/7084 cases)
	100%
(7084/7084 cases)

	960 kHz
	400 MHz
	Mux 1 - 24 RB
	78.0%
(3736/4792 cases)
	100%
(4792/4792 cases)

	
	800 MHz
	Mux 1 - 24 RB
	100%
(4375/4375 cases)
	100%
(4375/4375 cases)

	
	
	Mux 1 - 48 RB
	100%
(4375/4375 cases)
	100%
(4375/4375 cases)

	
	
	Mux 3 - 24 RB
	100%
(4375/4375 cases)
	100%
(4375/4375 cases)

	
	1600 MHz
	Mux 1 - 24 RB
	100%
(3542/3542 cases)
	100%
(3542/3542 cases)

	
	
	Mux 1 - 48 RB
	100%
(3542/3542 cases)
	100%
(3542/3542 cases)

	
	
	Mux 1 - 96 RB
	100%
(3542/3542 cases)
	100%
(3542/3542 cases)

	
	
	Mux 3 - 24 RB
	100%
(3542/3542 cases)
	100%
(3542/3542 cases)

	
	
	Mux 3 - 48 RB
	100%
(3542/3542 cases)
	100%
(3542/3542 cases)

	
	2000 MHz
	Mux 1 - 24 RB
	100%
(3125/3125 cases)
	100%
(3125/3125 cases)

	
	
	Mux 1 - 48 RB
	100%
(3125/3125 cases)
	100%
(3125/3125 cases)

	
	
	Mux 1 - 96 RB
	100%
(3125/3125 cases)
	100%
(3125/3125 cases)

	
	
	Mux 3 - 24 RB
	100%
(3125/3125 cases)
	100%
(3125/3125 cases)

	
	
	Mux 3 - 48 RB
	100%
(3125/3125 cases)
	100%
(3125/3125 cases)



From the analysis we can see that even with minimum RB offset values, we are able to support majority of cases, with the exception of 960 kHz with 400 MHz. If we support other RB offsets as defined by Set B, we are able to provide full coverage (i.e. have at least 1 CORESET configuration for multiplexing pattern 1 that is supported for that SCS and bandwidth combination) for all SCS and bandwidth combinations. RB offset Set B also allows increased coverage for 48 RB CORESET in 120 kHz with 100 MHz and 480 kHz with 400 MHz from 47% and 34%, respectively, to approximately 95% for both cases. It should be noted that for multiplexing pattern 3 no additional cases can be supported when offset of 24 or 48 RB is supported on top of -20/-21 RB offset.  
The RB offsets to support licensed operation is sufficient for both licensed and unlicensed cases as the fixed channel raster will always be a sub-set pattern of the licensed operation. Therefore, based on the analysis above, we propose the following RB offsets. 
Proposal 2:
· For 120 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: {0, 14, 28} RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
· For 480 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: {0, 14, 28} RB offset
· Multiplexing pattern 1 with 96 RBs: {0, 38} RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
· For 960 kHz
· Multiplexing pattern 1 with 24 RBs: {0, 4} RB offset
· Multiplexing pattern 1 with 48 RBs: 0 RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset

The following table 13-10A, 13-10B, and 13-10C as CORESET#0 configuration table for 120, 480, and 960 kHz cases, respectively.
Table 13-10A: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {120, 120} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	48
	1
	0

	2
	1 
	48
	1
	14

	3
	1 
	48
	1
	28

	4
	1 
	48
	2
	0

	5
	1 
	48
	2
	14

	6
	1 
	48
	2
	28

	7
	1
	96
	1
	0

	8
	1
	96
	2
	0

	9
	3 
	24
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	10
	3 
	48
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



Table 13-10B: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {480, 480} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	48
	1
	0

	2
	1 
	48
	1
	14

	3
	1 
	48
	1
	28

	4
	1 
	48
	2
	0

	5
	1 
	48
	2
	14

	6
	1 
	48
	2
	28

	7
	1
	96
	2
	0

	8
	1
	96
	2
	38

	9
	3 
	24
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	10
	3 
	48
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



Table 13-10C: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {960, 960} kHz for FR2-2
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols 
	Offset (RBs) 

	0
	1 
	24
	2
	0

	1
	1 
	24
	2
	4

	2
	1 
	48
	1
	0

	3
	1 
	48
	2
	0

	4
	1
	96
	2
	0

	5
	3 
	24
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	6
	3 
	48
	2
	-20 if k_ssb =0
-21 if k_ssb >0

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	



From the required RB offsets, we note the number of entries are not equal or less than 8 entries. Therefore, will not be possible to leverage the part of the CORESET#0 configure bits for other purposes such as NSSBQCL signaling. At the same time, there is sufficient number of unused entries to support additional useful cases, such as 1 symbol duration CORESET with multiplexing pattern 1 based 96 RB for 480 and 960 kHz. Therefore, we propose to additionally support 1 symbol duration CORESET with 96 RBs.
Proposal 3:
· Additionally support 1 symbol duration 96 RB CORESET for 480 and 960 kHz for multiplexing pattern 1.



Conclusions
In this contribution, we discussed issues related to initial access for extending NR up to 71 GHz. The following is a summary of the proposals:

Proposal 1:
· Working assumption: Use 2 bits for : subcarrierSpacingCommon and 1 bit borrowed from indication.
· Send an LS to RAN4 for confirming borrowing 1 bit from  field of MIB.
Proposal 2:
· For 120 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: {0, 14, 28} RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
· For 480 kHz
· Multiplexing pattern 1 with 24 RBs: 0 RB offset
· Multiplexing pattern 1 with 48 RBs: {0, 14, 28} RB offset
· Multiplexing pattern 1 with 96 RBs: {0, 38} RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
· For 960 kHz
· Multiplexing pattern 1 with 24 RBs: {0, 4} RB offset
· Multiplexing pattern 1 with 48 RBs: 0 RB offset
· Multiplexing pattern 1 with 96 RBs: 0 RB offset
· Multiplexing pattern 3 with 24 RB: -20 or -21 (depending on k_ssb) RB offset
· Multiplexing pattern 3 with 48 RB: -20 or -21 (depending on k_ssb) RB offset
Proposal 3:
· Additionally support 1 symbol duration 96 RB CORESET for 480 and 960 kHz for multiplexing pattern 1.
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