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1. Introduction
During RAN Plenary #82 meeting the TR related to the Study on NR-Based Access to Unlicensed Spectrum [1] has been approved. In the same meeting a new WID related to NR-Based Access to Unlicensed Spectrum has been approved (latest update [2]), starting the Specifications phase for Release 16; the first package of related CRs has been approved during RAN Plenary #86 and included within the corresponding Release 16 Specifications.
In this contribution, we discuss Release 16 Specifications updates of initial access and mobility related physical layer procedures for NR-U. We consider the following procedures:
· DRS Transmission
· Random Access
· RLM
A few editorial updates are also provided within a dedicated chapter.
2. DRS Transmission
2.1 Cell Search
Within [3] subclause 4.1 the part related to SS/PBCH blocks transmission raises the following issues which may lead to misinterpretation of the Specifications and wrong implementation:
· Both DiscoveryBurst-WindowLength-r16 and ssb-PositionInBurst are provided to the UE for serving cells only.
· The assumption related to quasi-colocation across SS/PBCH blocks - same  value - is valid for both serving and neighboring cells.
· Related to SS/PBCH block index determination,  is always applicable, while  assumes that the candidate SS/PBCH block index is known by the UE.

We therefore propose the following updates:
*** Unchanged text is omitted ***
For operation with shared spectrum channel access, a UE assumes that transmission of SS/PBCH blocks in a half frame is within a discovery burst transmission window that starts from the first symbol of the first slot in a half-frame. For a serving cell:
-  Tthe UE can be provided per serving cell by DiscoveryBurst-WindowLength-r16 a duration of the discovery burst transmission window. If DiscoveryBurst-WindowLength-r16 is not provided, the UE assumes that the duration of the discovery burst transmission window is a half frame.
-  For a serving cell, the UE assumes that a periodicity of the discovery burst transmission window is same as a periodicity of half frames for receptions of SS/PBCH blocks in the serving cell.
-  Tthe UE assumes that one or more SS/PBCH blocks indicated by ssb-PositionsInBurst may be transmitted within the discovery burst transmission window and have candidate SS/PBCH blocks indexes corresponding to SS/PBCH block indexes provided by ssb-PositionsInBurst. If MSB , , of ssb-PositionsInBurst is set to 1, the UE assumes that one or more SS/PBCH blocks within the discovery burst transmission window with candidate SS/PBCH block indexes corresponding to SS/PBCH block index equal to  may be transmitted; if MSB  is set to 0, the UE assumes that the SS/PBCH block(s) are not transmitted.
For operation with shared spectrum channel access, a UE assumes that SS/PBCH blocks in a serving cell that are within a same discovery burst transmission window or across discovery burst transmission windows are quasi co-located with respect to average gain, QCL-TypeA, and QCL-TypeD properties, when applicable [6, TS 38.214], if a value of  is same among the SS/PBCH blocks.  is an index of a DM-RS sequence transmitted in a PBCH of a corresponding SS/PBCH block, and  is either provided by ssbPositionQCL-Relationship-r16 or, if ssbPositionQCL-Relationship-r16 is not provided, obtained from a MIB provided by a SS/PBCH block according to Table 4-1. ssbSubcarrierSpacingCommon indicates SCS of RMSI only for the case of "operation without shared spectrum".The UE assumes that within a discovery burst transmission window, a number of transmitted SS/PBCH blocks on a serving cell is not larger than . The UE can determine an SS/PBCH block index according to , or when the candidate SS/PBCH index is known by the UE, according to  where  is the candidate SS/PBCH block index.
*** Unchanged text is omitted ***
Proposal 1: To include the chapter 2.1 updates for TS 38.213 subclause 4.1 within a related CR.
2.2 PBCH Scrambling
For NR the PBCH scrambling procedure ([5] subclause 7.1.2) does not scramble the candidate SS/PBCH block index bits (if any); as for NR-U the number of candidate SS/PBCH block index bits is different than for NR the scrambling procedure has to be updated accordingly; additionally one instance of “SS/PBCH block index” should be also replaced by “candidate SS/PBCH block index”. We therefore propose the following updates:
[bookmark: _Toc29327742][bookmark: _Toc29326592][bookmark: _Toc26467231][bookmark: _Toc19798760]7.1.2	Scrambling





For PBCH transmission in a frame, the bit sequence  is scrambled into a bit sequence , where  for  and  is generated according to the following:

;

;

while 

if  corresponds to any one of the bits belonging to the candidate SS/PBCH block index, the half frame index, and 2nd and 3rd least significant bits of the system frame number

;
else

;

;
end if

;
end while










The scrambling sequence  is given by Clause 5.2.1of [4, TS38.211] and initialized with  at the start of each SFN satisfying ;  for    or ,  for ,  for  and  for , where   is the number of candidate SS/PBCH blocks in a half frame according to Clause 4.1 of [5, TS38.213]; and  is determined according to Table 7.1.2-1 using the 3rd and 2nd LSB of the SFN in which the PBCH is transmitted.

Table 7.1.2-1: Value of  for PBCH scrambling
	(3rd LSB of SFN, 2nd LSB of SFN) 
	
Value of 

	(0, 0)
	0

	(0, 1)
	1

	(1, 0)
	2

	(1, 1)
	3



Proposal 2: To include the chapter 2.2 updates for TS 38.212 subclause 7.1.2 within a related CR.
3. Random Access
3.1 Handling of new NR-U PRACH preambles for NR
The following has been agreed during the RAN1#99 meeting:

In addition to the Rel-15 design for NR short PRACH (sequence length of 139), support an enhanced PRACH design for NR-U by adopting a single long ZC sequence of the following lengths
· For 15 kHz SCS L_RA= 1151, For 30 kHz SCS L_RA= 571
· Introduce signalling in SIB1 to indicate to UE whether Rel-15 PRACH or enhance PRACH sequences above are used
· Logical root indices, cyclic shifts and frequency position are determined as give in Tables in Appendix B provided in R1-1911863

Observation 1: the “for NR-U” wording clearly indicates that the intention behind such agreement was to allow the use of these new long ZC sequences for NR-U only.

On the other hand according to [4] subclause 6.3.3.1 and [3] subclause 8.1 there is currently no restriction to use these new long ZC sequences for NR as well.

Observation 2: [4] and [3] are not consistent with the above agreement.

Proposal 3: to be discussed and decided by RAN1, either:
- We keep [4] and [3] unchanged, meaning we acknowledge that the use of these new long ZC sequences for NR has to be supported for Release 16, or,
- We update at least [3] (and possibly [4]) to restrict the use of these new long ZC sequences to NR-U according to the above agreement.

4. RLM
4.1 [image: cid:image002.png@01D5D522.EA0DB970]  and [image: cid:image004.png@01D5D522.EA0DB970]  value updates
[3] sub-clause 5 does not take into account ; the table 5-1 should be updated to include  values 10 and 20. 
Observation 3: we believe to have same[image: cid:image002.png@01D5D522.EA0DB970]  and [image: cid:image004.png@01D5D522.EA0DB970]  values than for  = 8 is a suitable approach, as:
- For NR-U it has been agreed in the RAN1#99 meeting that “From a UE’s perspective, the number of transmitted SSBs within a DRS transmission window is not larger than Q”, meaning that from a UE perspective up to Q ≤ 8 SSBs are transmitted within a DRS transmission window.
-[image: cid:image002.png@01D5D522.EA0DB970]  and [image: cid:image004.png@01D5D522.EA0DB970]  values are maximum values hence it should not harm to overestimate them (e.g. for Q ≤ 4).

We therefore propose the following updates:

*** Unchanged text is omitted ***
A UE can be configured for each DL BWP of a SpCell [11, TS 38.321] with a set of resource indexes, through a corresponding set of RadioLinkMonitoringRS, for radio link monitoring by failureDetectionResources. The UE is provided either a CSI-RS resource configuration index, by csi-RS-Index, or a SS/PBCH block index, by ssb-Index. The UE can be configured with up to [image: ] RadioLinkMonitoringRS for link recovery procedures, as described in Clause 6, and for radio link monitoring. From the [image: ] RadioLinkMonitoringRS, up to [image: ] RadioLinkMonitoringRS can be used for radio link monitoring depending on as described in [9, TS 38.104], and up to two RadioLinkMonitoringRS can be used for link recovery procedures. 
For operation with shared spectrum channel access, when a UE is provided a SS/PBCH block index by ssb-Index, the UE is expected to perform radio link monitoring using SS/PBCH block(s) in the discovery burst transmission window as described in Clause 4.1.
If the UE is not provided RadioLinkMonitoringRS and the UE is provided for PDCCH receptions TCI states that include one or more of a CSI-RS
-	the UE uses for radio link monitoring the RS provided for the active TCI state for PDCCH reception if the active TCI state for PDCCH reception includes only one RS
-	if the active TCI state for PDCCH reception includes two RS, the UE expects that one RS has QCL-TypeD [6, TS 38.214] and the UE uses the RS with QCL-TypeD for radio link monitoring; the UE does not expect both RS to have QCL-TypeD
-	the UE is not required to use for radio link monitoring an aperiodic or semi-persistent RS
-	For [image: ], the UE selects the [image: ] RS provided for active TCI states for PDCCH receptions in CORESETs associated with the search space sets in an order from the shortest monitoring periodicity. If more than one CORESETs are associated with search space sets having same monitoring periodicity, the UE determines the order of the CORESET from the highest CORESET index as described in Clause 10.1.
A UE does not expect to use more than [image: ] RadioLinkMonitoringRS for radio link monitoring when the UE is not provided RadioLinkMonitoringRS.
Values of [image: ] and [image: ] for different values of [image: ] are given in Table 5-1. 
Table 5-1: [image: ] and [image: ] as a function of maximum number [image: ] of SS/PBCH blocks per half frame
	[image: ]
	[image: ]
	[image: ]

	4
	2
	2

	8, 10, 20
	6
	4

	64
	8
	8



*** Unchanged text is omitted ***
Proposal 4: To include the chapter 4.1 updates for TS 38.213 subclause 5 within a related CR.
5. Miscellaneous editorial updates
5.1 TS 38.211
Within [4] subclause 7.4.1.4.1 one typo should be corrected as follows:
*** Unchanged text is omitted ***
with  being the maximum number of candidate SS/PBCH candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213].
Proposal 5: To include the chapter 5.1 editorial correction for TS 38.211 subclause 7.4.1.4.1 within a related CR.
5.2 TS 38.212
Within [5] subclause 7.1.1 there are too many redundant references to the  definition and one instance of “SS/PBCH block index” should be replaced by “candidate SS/PBCH block index”. We therefore propose the following editorial corrections:
[bookmark: _Toc19798759][bookmark: _Toc26467230][bookmark: _Toc29326591][bookmark: _Toc29327741]7.1.1	PBCH payload generation



Denote the bits in a transport block delivered to layer 1 by , where  is the payload size generated by higher layers. The lowest order information bit  is mapped to the most significant bit of the transport block as defined in Clause 6.1.1 of [8, TS 38.321].

Generate the following additional timing related PBCH payload bits , where:

-	 are the 4th, 3rd, 2nd, and 1st LSB of SFN, respectively;


-	 is the half frame bit ;
-	if  as defined in Clause 4.1 of [5, TS38.213], 
 is the MSB of  as defined in Clause 7.4.3.1 of [4, TS 38.211].
 is reserved.
 is the MSB of candidate SS/PBCH block index.
-	else if  as defined in Clause 4.1 of [5, TS38.213], 
 is the MSB of   as defined in Clause 7.4.3.1 of [4, TS 38.211].
,  are the 5th and 4th bits of the candidate SS/PBCH block index, respectively.
-	end if
-	if  as defined in Clause 4.1 of [5, TS38.213],

 are the 6th, 5th, and 4th bits of the candidate SS/PBCH block index, respectively.
-	else


 is the MSB of  as defined in Clause 7.4.3.1 of [4, TS 38.211].

 are reserved.
-	end if






Let ; ; ; ; ;


for  to 

if  is an SFN bit

;

;

elseif  is the half radio frame bit



elseif  

;

;
else

;

;
end if
end for

where  is the number of candidate SS/PBCH blocks in a half frame according to Clause 4.1 of [5, TS38.213], and the value of  is given by Table 7.1.1-1.

Table 7.1.1-1: Value of PBCH payload interleaver pattern 
	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	0
	16
	4
	8
	8
	24
	12
	3
	16
	9
	20
	14
	24
	21
	28
	27

	1
	23
	5
	30
	9
	7
	13
	2
	17
	11
	21
	15
	25
	22
	29
	28

	2
	18
	6
	10
	10
	0
	14
	1
	18
	12
	22
	19
	26
	25
	30
	29

	3
	17
	7
	6
	11
	5
	15
	4
	19
	13
	23
	20
	27
	26
	31
	31



Proposal 6: To include the chapter 5.2 editorial corrections for TS 38.212 subclause 7.1.1 within a related CR.
5.3 TS 38.213
Within [3] subclause 4.1 two typos should be corrected as follows:

[bookmark: _Hlk30780562]*** Unchanged text is omitted ***
For a half frame with SS/PBCH blocks, the first symbol indexes for candidate SS/PBCH blocks are determined according to the SCS of SS/PBCH blocks as follows, where index 0 corresponds to the first symbol of the first slot in a half-frame. 
-	Case A - 15 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes of [image: ]. 
-	For operation without shared spectrum channel access:
-	For carrier frequencies smaller than or equal to 3 GHz, [image: ]. 
-	For carrier frequencies within FR1 larger than 3 GHz, [image: ].
-	For operation with shared spectrum channel access, as described in [15, TS 37.213], .
-	Case B - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies smaller than or equal to 3 GHz, [image: ]. For carrier frequencies within FR1 larger than 3 GHz, [image: ].
-	Case C - 30 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. 
-	For operation without shared spectrum channel access
-	For paired spectrum operation
-	For carrier frequencies smaller than or equal to 3 GHz, [image: ]. For carrier frequencies within FR1 larger than 3 GHz, [image: ]. 
-	For unpaired spectrum operation without shared spectrum channel access
-	For carrier frequencies smaller than or equal to 2.4 GHz, [image: ]. For carrier frequencies within FR1 larger than 2.4 GHz, [image: ].
-	For operation with shared spectrum channel access, .
-	Case D - 120 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, [image: ].
-	Case E - 240 kHz SCS: the first symbols of the candidate SS/PBCH blocks have indexes [image: ]. For carrier frequencies within FR2, [image: ].
From the above cases, if the SCS of SS/PBCH blocks is not provided by ssbSubcarrierSpacing, the applicable cases for a cell depend on a respective frequency band, as provided in [8-1, TS 38.101-1] and [8-2, TS 38.101-2]. A same case applies for all SS/PBCH blocks on the cell. If a 30 kHz SS/PBCH block SCS is indicated by ssbSubcarrierSpacing, Case B applies for frequency bands with only 15 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1], and the case specified for 30 kHz SS/PBCH block SCS in [8-1, TS 38.101-1] applies for frequency bands with 30 kHz SS/PBCH block SCS or both 15 kHz and 30 kHz SS/PBCH block SCS as specified in [8-1, TS 38.101-1]. For a UE configured to operate with carrier aggregation over a set of cells in a frequency band of FR2 or with frequency-contiguous carrier aggregation over a set of cells in a frequency band of FR1, if the UE is provided SCS values by ssbSubcarrierSpacing for receptions of SS/PBCH blocks on any cells from the set of cells, the UE expects the SCS values to be same. 
The candidate SS/PBCH blocks in a half frame are indexed in an ascending order in time from 0 to , where 
-	for operation without shared spectrum channel access, , and  is as described in [9, TS 38.104]
-	for operation with shared spectrum channel access,  for 15 kHz SCS of SS/PBCH blocks, and  for 30 kHz SCS of SS/PBCH blocks 
For , a UE determines the 2 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211].
For , a UE determines the 3 LSB bits of a candidate SS/PBCH block index per half frame from a one-to-one mapping with an index of the DM-RS sequence transmitted in the PBCH as described in [4, TS 38.211]
-	for , the UE determines the 1 MSB bit of the candidate SS/PBCH block index from PBCH payload bit  as described in [5, TS 38.212]
-	for , the UE determines the 2 MSB bits of the candidate SS/PBCH block index from PBCH payload bits  as described in [5, TS 38.212]
-	for , the UE determines the 3 MSB bits of the candidate SS/PBCH block index from PBCH payload bits  as described in [5, TS 38.212]
A UE can be provided per serving cell by ssb-periodicityServingCell a periodicity of the half frames for reception of the SS/PBCH blocks for the serving cell. If the UE is not configured a periodicity of the half frames for receptions of the SS/PBCH blocks, the UE assumes a periodicity of a half frame. A UE assumes that the periodicity is same for all SS/PBCH blocks in the serving cell.
*** Unchanged text is omitted ***
Proposal 7: To include the chapter 5.3 editorial corrections for TS 38.213 subclause 4.1 within a related CR.
Within [3] subclause 13 two references to tables should be corrected as follows:

*** Unchanged text is omitted ***
For operation with shared spectrum channel access, a UE determines an offset from a smallest RB index of the CORESET for Type0-PDCCH CSS set to a smallest RB index of the common RB overlapping with a first RB of the corresponding SS/PBCH block
-	according to the offset in Table 13-1A and Table 13-24A, if the frequency position of the SS/PBCH block corresponds to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1], and
-	according to a sum of a first offset and a second offset, where
-	the first offset is provided in Table 13-1A and Table 13-24A, and 
-	the second offset is determined as the difference from the frequency position of the SS/PBCH block provided by ssbFrequency in a measurement configuration associated with a reporting configuration providing reportCGI to the frequency position corresponding to the GSCN of a synchronization raster entry, where the synchronization raster entry is located in the same channel as the SS/PBCH block used for the shared spectrum channel access procedure, as described in [15, TS 37.213], if the frequency position of the SS/PBCH block does not correspond to the GSCN of a synchronization raster entry as defined in [8-1, TS 38.101-1]
where the offsets are defined with respect to the SCS of the CORESET for Type0-PDCCH CSS set that is same as the SCS of the corresponding SS/PBCH block.
*** Unchanged text is omitted ***
Proposal 8: To include the chapter 5.3 editorial corrections for TS 38.213 subclause 13 within a related CR.
6. Conclusions
In this contribution, we have discussed Release 16 Specifications updates of initial access and mobility related physical layer procedures for NR-U and we have additionally proposed editorial updates. Based on the discussion, we make the following observations and proposals:
DRS Transmission
Proposal 1: To include the chapter 2.1 updates for TS 38.213 subclause 4.1 within a related CR.
Proposal 2: To include the chapter 2.2 updates for TS 38.212 subclause 7.1.2 within a related CR.
Random Access
Observation 1: the “for NR-U” wording clearly indicates that the intention behind such agreement was to allow the use of these new long ZC sequences for NR-U only.

Observation 2: [4] and [3] are not consistent with the above agreement.

Proposal 3: to be discussed and decided by RAN1, either:
- We keep [4] and [3] unchanged, meaning we acknowledge that the use of these new long ZC sequences for NR has to be supported for Release 16, or,
- We update at least [3] (and possibly [4]) to restrict the use of these new long ZC sequences to NR-U according to the above agreement.

RLM
Observation 3: we believe to have same[image: cid:image002.png@01D5D522.EA0DB970]  and [image: cid:image004.png@01D5D522.EA0DB970]  values than for  = 8 is a suitable approach, as:
- For NR-U it has been agreed in the RAN1#99 meeting that “From a UE’s perspective, the number of transmitted SSBs within a DRS transmission window is not larger than Q”, meaning that from a UE perspective up to Q ≤ 8 SSBs are transmitted within a DRS transmission window.
-[image: cid:image002.png@01D5D522.EA0DB970]  and [image: cid:image004.png@01D5D522.EA0DB970]  values are maximum values hence it should not harm to overestimate them (e.g. for Q ≤ 4).

Proposal 4: To include the chapter 4.1 updates for TS 38.213 subclause 5 within a related CR.

Miscellaneous editorial updates
Proposal 5: To include the chapter 5.1 editorial correction for TS 38.211 subclause 7.4.1.4.1 within a related CR.
Proposal 6: To include the chapter 5.2 editorial corrections for TS 38.212 subclause 7.1.1 within a related CR.
Proposal 7: To include the chapter 5.3 editorial corrections for TS 38.213 subclause 4.1 within a related CR.
Proposal 8: To include the chapter 5.3 editorial corrections for TS 38.213 subclause 13 within a related CR.
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