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Introduction
This paper lists TPs for a few issues identified for agenda item “initial access and mobility procedures for NR-U”.
Processing SFN for Random Access Procedure
In RAN1#99, 3GPP concluded that it is possible to include 2 bits for SFN LSB used for PRACH transmission within the DCI format 1_0 for both 2-step and 4-step RACH operation.
	Agreement:
· If 2 bits are available for DCI format 1_0 for 2-step RACH, include 2 bits of SFN LSB information using the reserved bits in DCI format 1_0 for both 2-step and 4-step RACH for operation in unlicensed spectrum



The provisioning of this information within DCI was captured in TS 38.212 DCI format 1_0. 
Even though this discussion was initiated based on an RAN2 LS, we believe that it would be more appropriate to perform processing of LSBs of SFN within TS 38.213 because physical layer can avoid decoding the PDSCH for RAR based on the value of LSBs of SFN. Note that physical layer currently decides whether to perform PDSCH decoding or not based on value of RA-RNTI used for scrambling the DCI of RAR.
Proposal 1. Add validation of 2 LSB of SFN in RAR DCI when RAR window is up to 40ms for NR-U 4-step RACH and NR/NR-U 2-step RACH.
============TP for 38.213 Section 8.2====================================
--Unchanged part omitted------------------------
[bookmark: _Hlk31213169][bookmark: _Hlk31215281][bookmark: _Hlk505324461]In response to a PRACH transmission, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PRACH occasion corresponding to the PRACH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set as defined in Clause 10.1. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow. 
Upon detecting a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI, UE performs validation of the DCI based on following:
- For operation without shared spectrum channel access, UE considers DCI is validated.
- For operation with shared spectrum channel access, UE considers DCI is validated if LSBs of SFN field within the DCI contains the 2 LSBs of SFN of the PRACH resource.
If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and the DCI is validated and a transport block in a corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers parse the transport block for a random access preamble identity (RAPID) associated with the PRACH transmission. If the higher layers identify the RAPID in RAR message(s) of the transport block, the higher layers indicate an uplink grant to the physical layer. This is referred to as random access response (RAR) UL grant in the physical layer. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI but the DCI is not validated within the window or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit a PRACH. If requested by higher layers, the UE is expected to transmit a PRACH no later than [image: ] msec after the last symbol of the window, or the last symbol of the PDSCH reception, where [image: ] is a time duration of [image: ] symbols corresponding to a PDSCH processing time for UE processing capability 1 assuming [image: ] corresponds to the smallest SCS configuration among the SCS configurations for the PDCCH carrying the DCI format 1_0, the corresponding PDSCH when additional PDSCH DM-RS is configured, and the corresponding PRACH. For [image: ], the UE assumes [image: ] [6, TS 38.214]. For a PRACH transmission using 1.25 kHz or 5 kHz SCS, the UE determines [image: ] assuming SCS configuration [image: ].
If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and the DCI is validated and receives a transport block in a corresponding PDSCH, the UE may assume same DM-RS antenna port quasi co-location properties, as described in [6, TS 38.214], as for a SS/PBCH block or a CSI-RS resource the UE used for PRACH association, as described in Clause 8.1, regardless of whether or not the UE is provided TCI-State for the CORESET where the UE receives the PDCCH with the DCI format 1_0. 
If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for the SpCell [11, TS 38.321], the UE may assume that the PDCCH that includes the DCI format 1_0 and the PDCCH order have same DM-RS antenna port quasi co-location properties. If the UE attempts to detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI in response to a PRACH transmission initiated by a PDCCH order that triggers a contention-free random access procedure for a secondary cell, the UE may assume the DM-RS antenna port quasi co-location properties of the CORESET associated with the Type1-PDCCH CSS set for receiving the PDCCH that includes the DCI format 1_0.
A RAR UL grant schedules a PUSCH transmission from the UE. The contents of the RAR UL grant, starting with the MSB and ending with the LSB, are given in Table 8.2-1. 
If the value of the frequency hopping flag is 0, the UE transmits the PUSCH without frequency hopping; otherwise, the UE transmits the PUSCH with frequency hopping.
The UE determines the MCS of the PUSCH transmission from the first sixteen indexes of the applicable MCS index table for PUSCH as described in [6, TS 38.214]. 
The TPC command value [image: ] is used for setting the power of the PUSCH transmission, as described in Clause 7.1.1, and is interpreted according to Table 8.2-2. 
The CSI request field is reserved. 
The ChannelAccess-CPext field indicates a channel access type and CP extension for operation with shared spectrum channel access [15, TS 37.213].
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14, for operation without shared spectrum channel access 
12, for operation with shared spectrum channel access

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1

	ChannelAccess-CPext
	0, for operation without shared spectrum channel access
2, for operation with shared spectrum channel access



Table 8.2-2: TPC Command [image: ] for PUSCH
	TPC Command
	Value (in dB)

	0
	-6

	1
	-4

	2
	-2

	3
	0

	4
	2

	5
	4

	6
	6

	7
	8



Unless the UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception providing the RAR message.
If the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI but the DCI is not validated within the window or the UE does not correctly receive a corresponding transport block within the window, the UE procedure is as described in [11, TS 38.321]. 
--Unchanged part omitted------------------------

Similar procedure needs to be indicated within 2-step random access procedure where UE might receive DCI scrambled with RA-RNTI for fallback procedure, when UE is operating in shared spectrum channel access.

============TP for 38.213 Section 8.2A====================================
--Unchanged part omitted------------------------
[bookmark: _Hlk31215599]In response to a transmission of a PRACH and a PUSCH, a UE attempts to detect a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest CORESET the UE is configured to receive PDCCH for Type1-PDCCH CSS set, as defined in Clause 10.1, that is at least one symbol, after the last symbol of the PUSCH occasion corresponding to the PUSCH transmission, where the symbol duration corresponds to the SCS for Type1-PDCCH CSS set. The length of the window in number of slots, based on the SCS for Type1-PDCCH CSS set, is provided by ra-ResponseWindow.
Upon detecting a DCI format 1_0 with CRC scrambled by a corresponding RA-RNTI, UE performs validation of the DCI based on following:
- For operation without shared spectrum channel access, UE considers DCI is validated.
- For operation with shared spectrum channel access, UE considers DCI is validated if LSBs of SFN field within the DCI contains the 2 LSBs of SFN of the PRACH resource.
If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding RA-RNTI and the DCI is validated, and a transport block in a corresponding PDSCH within the window, the UE passes the transport block to higher layers. The higher layers indicate to the physical layer
-	an uplink grant if the RAR message(s) is for fallbackRAR and a random access preamble identity (RAPID) associated with the PRACH transmission is identified, and the UE procedure continues as described in Clause 8.2 when the UE detects a RAR UL grant, or
-	transmission of a PUCCH with HARQ-ACK information having ACK value if the RAR message(s) is for successRAR, where 
-	a PUCCH resource for the transmission of the PUCCH is indicated by PUCCH resource indicator field of 4 bits in the successRAR from a PUCCH resource set that is provided by pucch-ResourceCommon 
-	a slot for the PUCCH transmission is indicated by a PDSCH-to-HARQ_feedback timing indicator field of 3 bits in the successRAR having a value  from {1, 2, 3, 4, 5, 6, 7, 8} and, with reference to slots for PUCCH transmission having duration , the slot is determined as  where  is a slot of the PDSCH reception,  is as defined for PUSCH transmission in Table 6.1.2.1.1-5 of [6, TS 38.214], and 
-	the UE does not expect the first symbol of the PUCCH transmission to be after the last symbol of the PDSCH reception by a time smaller than  msec where  is the PDSCH processing time for UE processing capability 1 [6, TS 38.214]
-	the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a last PUSCH transmission
If the UE detects the DCI format 1_0 with CRC scrambled by a C-RNTI and a transport block in a corresponding PDSCH within the window, the UE transmits a PUCCH with HARQ-ACK information having ACK value if the UE correctly detects the transport block or NACK value if the UE incorrectly detects the transport block and the time alignment timer is running [11, TS 38.321]. 
The UE does not expect to be indicated to transmit the PUCCH with the HARQ-ACK information at a time that is prior to a time when the UE applies a TA command that is provided by the transport block.If the UE does not detect the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI within the window, or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI but the DCI is not validated within the window, or if the UE does not correctly receive the transport block in the corresponding PDSCH within the window, or if the higher layers do not identify the RAPID associated with the PRACH transmission from the UE, the higher layers can indicate to the physical layer to transmit only PRACH according to Type-1 random access procedure or to transmit both PRACH and PUSCH according to Type-2 random access procedure [11, TS 38.321]. If requested by higher layers, the UE is expected to transmit a PRACH no later than  msec after the last symbol of the window, or the last symbol of the PDSCH reception, where  is a time duration of  symbols corresponding to a PDSCH processing time for UE processing capability 1 when additional PDSCH DM-RS is configured. For , the UE assumes  [6, TS 38.214].
Unless the UE is configured a SCS, the UE receives subsequent PDSCH using same SCS as for the PDSCH reception providing the RAR message.
If the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI but the DCI is not validated within the window or the UE does not correctly receive a corresponding transport block within the window, the UE procedure is as described in [11, TS 38.321].
--Unchanged part omitted------------------------
SSB Position validation for FBE mode
In RAN1#96bis, FBE mode is introduced for NR-U in Rel-16. Several FFP lengths are also defined for FBE mode. On the other hand, DRS transmission window duration and periodicity are defined for NR-U. It is necessary to validate the SSB positions for FBE mode. Some agreements related to FBE mode and SSB positions are listed as follows.  
In RAN1#96bis, it was agreed that maximum value of DRS transmission window duration is 5ms. Therefore, the maximum number of candidate SSB positions are 10 for 15 kHz SCS and 20 for 30 kHz SCS within a DRS transmission window.
	Agreement:
The maximum DRS transmission window duration is 5 ms.
· The maximum number of candidate SSB positions within a DRS transmission window, Y, is selected as Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS.
· UE determines serving cell timing from the detected SSB candidate position, where the SSB candidate positions within the DRS transmission window are indexed from 0,…,Y-1 (Y = 10 for 15 kHz SCS and Y = 20 for 30 kHz SCS).



In RAN1#98bis, it is agreed that DRS transmission window periodicity is the same as the configuration of SSB burst periodicity.
	Agreement:
Support configuration of the DRS transmission window duration of a UE’s serving cell(s)
· DRS transmission window periodicity is the same as the configuration of SSB burst periodicity
· Note: RAN4 performance requirements depending on the DRS transmission window size, e.g., RRM, will assume a DRS transmission window size of 5 ms.



In RAN1#99, the supported FFP periods are further defined. The configured DRS transmission window duration is further defined. If the DRS transmission window duration is not known, a UE may assume the DRS transmission window has a duration of 5 ms.
	Agreement:
[In FBE mode]
· The fixed frame period is restricted to values of {1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms} (this is including the idle period) 
· The starting positions of the FFPs within every two radio frames starts from an even radio frame and are given by i*P where i={0,1,.., 20/P-1} where P is the fixed frame period in ms
· The idle period for a given SCS = ceil( Minimum idle period allowed by regulations / Ts) where 
· Minimum idle period allowed = max(5% of FFP, 100us)
· Ts is the symbol duration for the given SCS
· Note: Offset does not need to be signaled via RRC

[DRS window duration] 
· DRS transmission window duration can be configured as 0.5 1, 2, 3, 4, or 5 ms
· If the DRS transmission window duration is not known, a UE may assume the DRS transmission window has a duration of 5 ms



For FBE mode, currently the FFP period is 1ms, 2ms, 2.5ms, 4ms, 5ms, 10ms as will be indicated in SIB 1, and DiscoveryBurst-WindowLength-r16 can be configured to 0.5ms, 1ms, 2ms, 3ms, 4ms, 5ms to limit the range SSB can be transmitted. The UE will rate match around SSBs indicated by ssb-PositionInBurst in that window. Also for RLM, the SSBs in that window will be measured.
For FBE operation with period no less than 5ms (5ms or 10ms), since the channel access is at the beginning of the period, if the LBT failed, the entire SSB burst of 5ms will be gone (no SSB can be transmitted even with the up to 20 SSB positions). On the other hand, if the LBT passed, the gNB should transmit the SSBs in the first 8 positions. Therefore, introducing the additional SSB position will not be helpful for those cases. What is more, the UE will continue rate matching of PDSCH over the SSB resource, and measure SSB for RLM even if the SSB is not transmitted. The simple solution is that when FFP is 5ms or 10ms, the range of DiscoveryBurst-WindowLength-r16 is limited to 2ms for 30KHz case and 4ms for 15khz case and longer DiscoveryBurst-WindowLength-r16 will be error case.
For FFP length of 1ms, 2ms, 2.5ms and 4ms, it is not feasible to solve the problem just by limiting the range of DiscoveryBurst-WindowLength-r16 because the SSB positions in the FFP is not fixed. To solve this problem, we can introduce the concept of null/invalid candidate SSB positions with FBE mode. The null/invalid candidate SSB positions are defined to be those candidate SSB positions which will not be used to transmit SSB at all. For PDSCH rate matching and RLM/RRM, UE does not consider the null/invalid candidate SSB positions. The null/invalid candidate SSB positions are uniquely defined based on SSB SCS and the FFP periods. In fact, the null/invalid candidate SSB positions are the additional mask on top of the DiscoveryBurst-WindowLength-r16. Therefore, there is no impact to the configuration of DiscoveryBurst-WindowLength-r16.
The null/invalid SSB positions for 2.5/5/10ms with 30kHz SCS is depicted in Figure 1 when SSB position in the first 5ms of the DRS transmission window period.  The null/invalid SSB positions for 2ms with 30kHz SCS is depicted in Figure 2 when SSB position not in the first 5ms of the DRS transmission window period.
Table 1 Invalid SS/PBCH blocks for different FFP
	Fixed Frame Period
	Null SSB positions with 30KHz SCS SSB 
	Null SSB positions with 15KHz SCS SSB 

	1ms
	N/A
	N/A

	2ms
	N/A
	N/A

	2.5ms
	8,9,18,19
	N/A

	4ms
	A
	B
	C
	D
	N/A

	
	8-15
	8-11
	16-19
	12-19
	

	5ms
	8 – 19
	8,9

	10ms
	 8 – 19
	8,9





Figure 1 Null candidate SSB positions with first half frame of 20ms for 30kHz SCS 

[image: ]
Figure 2 Null candidate SBB positions for 4ms FFP with 30kHz SCS
Another problem is the situation where SSB partially overlap idle period. In an FFP, the idle period is defined as the last max(5% of the FFP, 100us) and DL and UL transmission is not allowed to happen in the idle period. However, for some FFP, the SSBs will partially fall into the idle period thus should not be transmitted. The current rule will still rate match around it for PDSCH and measure it for RLM/RRM. The similar solution can be done for this case to define SSBs (partially) in the idle as invalid. 
Table 2 Table 1 Invalid SS/PBCH blocks for different FFP
	 FFP
	Idle length
	SSB positions in idle period for 30KHz SCS
	SSB positions in idle period for 15KHz SCS

	1ms
	100us
	3, 7, 11, 15, 19
	N/A

	2ms
	100us
	A, C
	B, D
	N/A

	
	
	7, 15
	3, 11, 19
	

	2.5ms
	125us
	9, 19
	N/A

	4ms
	200us
	A
	B
	C
	D
	A
	B
	C
	D

	
	
	15
	11
	7
	3,19
	7
	5
	3
	1,9

	5ms
	250us
	19
	9

	10ms
	500us
	N/A
	N/A



In fact, we can jointly deal with the two issues. The final solution can be to define the SSB positions which can not transmit as invalid for FBE mode in Table 3. No PDSCH rate matching needs to be done for those SSB positions and no RLM/RRM measurement is done for those SSB positions
Table 3 Table 1 Invalid SS/PBCH blocks for different FFP
	Fixed Frame Period
	Null SSB positions with 30KHz SCS SSB 
	Null SSB positions with 15KHz SCS SSB 

	1ms
	3, 7, 11, 15, 19
	N/A

	2ms
	A, C
	B, D
	N/A

	
	7, 15
	3, 11, 19
	

	2.5ms
	8,9,18,19
	N/A

	4ms
	A
	B
	C
	D
	A
	B
	C
	D

	
	8-15
	8-11
	7, 16-19
	3, 12-19
	7
	5
	3
	1,9

	5ms
	8 – 19
	8,9

	10ms
	 8 – 19
	8,9



Another simple solution is just to deal with 2.5m/5ms/10ms. When FFP is 5ms or 10ms, the range of DiscoveryBurst-WindowLength-r16 is limited to 2ms for 30kHz SSB and 4ms for 15kHz SSB. When FFP is 2.5ms, the range of DiscoveryBurst-WindowLength-r16 is limited to 2ms for 30kHz SSB. 
Proposal 2. For semi-static channel access, consider SSBs (partially) fall in the idle region of a fixed frame period as invalid. No PDSCH rate matching and no RLM/RRM measurement will be done for those candidate SSB positions.
[bookmark: _GoBack]Proposal 3. Within a fixed frame period, only up to the first 8 candidate SSB positions are considered valid, and no PDSCH rate matching and no RLM/RRM measurement will be done for the remaining candidate SSB positions in the FFP.
============TP for 38.213 Section 4.1====================================
--Unchanged part 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. The 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. In FBE mode, UE does not expect that the SS/PBCH blocks are transmitted in the invalid position defined in Table 4-1. A, B, C and D in the table stand for the first, second, third and fourth half frame in every two frames period. 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. The 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.
Table 4.1-1. Invalid SS/PBCH blocks for different FFP
	Fixed Frame Period (ms)
	Null SS/PBCH blocks positions with 30kHz SCS
	Null SS/PBCH Block positions with 15kHz SCS

	1
	3,7,11,15,19
	N/A

	2
	A, C
	B,D
	N/A

	
	7,15
	3,11,19
	

	2.5
	8,9,18,19
	N/A

	4
	A
	B
	C
	D
	A
	B
	C
	D

	
	8-15
	8-11
	7,16-19
	3,12-19
	7
	5
	3
	1,9

	5
	8-19
	8,9



-----------Unchanged part omitted------------------------
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