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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this paper, we discuss the corrections on the RACH procedures define in the specification of TS 38.213[1].  We also provide solutions to several technical issues not solved during the WI, such as PRACH resource validation in FBE, frequency resource allocation for msg 3. The text proposals corresponding to the corrections and solutions in the specification are provided in the Appendix.
Random Access procedures
Random access preamble
In RAN1#99 [2], the following agreement was achieved. 
Agreement:
A PRACH resource is considered invalid if:
· it overlaps with the IDLE period of a fixed frame period when FBE operation is indicated.
The following text highlighted with yellow in TS38.213 v16.0.0 section 8.1[1] reflected the above agreement.-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last SS/PBCH block reception symbol, where [image: ] is provided in Table 8.1-2.
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last downlink symbol and at least [image: ] symbols after a last SS/PBCH block symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon

In the current text, the agreement is valid only when tdd-UL-DL-ConfigurationCommon is provided. The agreement should also applied in the scenario when tdd-UL-DL-ConfigurationCommon is not provided. 
Observation 1: The agreement on the invalid RO in idle period should also applies when tdd-UL-DL-ConfigurationCommon is not provided.
Additionally, validity of PRACH resource IN channel occupancy of a fixed frame period is not clear, considering there is no agreement in RAN1 to introduce FFP initiated by UE. According to the channel access procedures of FBE defined in TS37.213 v16.0.0 [3] , a UE is only allowed to transmit UL transmission bursts after DL transmission burst(s) in the channel occupancy in a FFP.  -	A UE may transmit UL transmission burst(s) after DL transmission burst(s) within the channel occupancy time as follows:
-	If the gap between the UL and DL transmission bursts is at most ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time without sensing the channel.
-	If the gap between the UL and DL transmission bursts is more than ,  the UE may transmit UL transmission burst(s) after a DL transmission burst(s) within the channel occupancy time after sensing the channel to be idle for at least a sensing slot duration   before transmission.

A PRACH resource is valid only if a UE detects any DL transmission in the serving cell before the PRACH resource in the same FFP. The DL transmission can be SSB, PDCCH/PDSCH or DL RS.
[bookmark: _GoBack]Proposal 1: A PRACH resource in the channel occupancy of a Fixed Frame Period is valid only if a UE detects any DL transmission in the serving cell before the PRACH resource in the same FFP. 
Random access response
In RAN1#98bis, an LS [4] from RAN2 was received asking for the feasibility to introduce 2 bits in DCI format 1_0 addressed to RA-RNTI, indicating 2 LSB of SFN where corresponding PRACH(s) were received. It is trying to solve the ambiguity of RA-RNTI corresponding to ROs in different radio frames when the RAR reception window is extended to 20ms or 40ms for the purpose of accommodating potential LBT failure before msg 2 transmission. In RAN1#99, RAN1 replied RAN2 in [5] with positive answer and capture bit field in the definition of DCI format 1_0 in TS38.212 v16.0.0 [6] highlighted in yellow. The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI or msgB-RNTI:

-	Frequency domain resource assignment – bits


-	 is the size of CORESET 0 if CORESET 0 is configured for the cell and  is the size of initial DL bandwidth part if CORESET 0 is not configured for the cell
-	Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of [6, TS38.214]
-	VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5
-	Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of [6, TS38.214], using Table 5.1.3.1-1
-	TB scaling – 2 bits as defined in Clause 5.1.3.2 of [6, TS38.214] 
-	LSBs of SFN – 2 bits for the DCI format 1_0 with CRC scrambled by msgB-RNTI or 2 bits as defined in Clause 8 of [5, TS 38.213] for operation in a cell with shared spectrum channel access; 0 bit otherwise
-	Reserved bits – 14 bits for the DCI format 1_0 with CRC scrambled by msgB-RNTI or for operation in a cell with shared spectrum channel access; otherwise 16 bits

However, the UE behavior is not captured in TS38.213 v16.0.0. Before UE transfer the TB carried in PDSCH scheduled by PDCCH addressed with RA-RNTI RAR to higher layer, UE should also check whether LSBs of SFN in DCI indicates same LSBs of SFN where UE transmit PRACH.
Observation 2: the UE behavior on detection of LSBs of SFN should be added in the section 8.2 of TS 38.213.

PUSCH scheduled by RAR UL grant
In the table 8.2-1 in section 8.2 of TS38.213 v 16.0.0, editor assumed 12 bits for PUSCH frequency resource allocation, which keeps same payload on RAR UL grant between licensed band and unlicensed band. It can minimize the impact to other fields in the RAR. 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


Considering the bandwidth of initial UL BWP is 20MHz, corresponding to at most 107 PRB for 15 kHz SCS or 51 PRB for 30 kHz SCS, at most 13 bit is necessary for frequency resource allocation type 1. On the contrary, 5 or 6 bits are necessary for frequency resource allocation type 2, based on the agreements in RAN1#98 and RAN1#99. Given 12 bits FDRA field, how to truncate the field should be clarified. For example, 5 or 6 LSB of 12 bit FDRA is used for frequency allocation type 2. For frequency resource allocation type 1, insert 1 MSB with value set to '0' after the  bits to the frequency domain resource assignment field, where  if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0.  
Proposal 2: Given 12 bits FDRA field in RAR UL grant, the truncation or expansion method of FDRA field should be clarified.
[bookmark: _Ref129681832] 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusions
In this paper, we have following observations and proposals.
Observation 1: The agreement on the invalid RO in idle period should also applies when tdd-UL-DL-ConfigurationCommon is not provided.
Observation 2: the UE behavior on detection of LSBs of SFN should be added in the section 8.2 of TS 38.213.
Proposal 1: A PRACH resource in the channel occupancy of a Fixed Frame Period is valid only if a UE detects any DL transmission in the serving cell before the PRACH resource in the same FFP. 
Proposal 2: Given 12 bits FDRA field in RAR UL grant, the truncation or expansion method of FDRA field should be clarified.
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*** Unchanged text is omitted ***
[bookmark: _Hlk29801864]For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last SS/PBCH block reception symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213], and UE detects any DL transmission from the serving cell in the same channel occupancy before the PRACH slot. 
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last downlink symbol and at least [image: ] symbols after a last SS/PBCH block symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213],  and UE detects any DL transmission from the serving cell in the same channel occupancy before the PRACH slot
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. 
*** Unchanged text is omitted ***

8.2	Random access response - Type-1 random access procedure
[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. 
If the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and a transport block in a corresponding PDSCH within the window, the UE passes the transport block to higher layers. For operation with shared spectrum channel access, if the UE detects the DCI format 1_0 with CRC scrambled by the corresponding RA-RNTI and a transport block in a corresponding PDSCH within the window and LSBs of SFN field in DCI format 1_0 indicating same LSBs of SFN where PRACH is transmitted, 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 LSBs of SFN field in DCI format 1_0 does not indicate same LSBs of SFN where PRACH is transmitted for operation with shared spectrum channel access, 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 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].
*** Unchanged text is omitted ***

[bookmark: _Toc12021464][bookmark: _Toc20311576][bookmark: _Toc26719401][bookmark: _Toc29894834][bookmark: _Toc29899133][bookmark: _Toc29899551][bookmark: _Toc29917288]8.3	PUSCH scheduled by RAR UL grant
An active UL BWP, as described in Clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. For determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 if useInterlacePUSCH-Common is not provided and by uplink resource allocation type 2 if useInterlacePUSCH-Common is provided [6, TS 38.214]. For an initial UL BWP size of [image: ] RBs, if useInterlacePUSCH-Common is not provided, a UE processes the frequency domain resource assignment field as follows
-	if [image: ]
-	truncate the frequency domain resource assignment field to its [image: ] least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert [image: ] most significant bits with value set to '0' after the [image: ] bits to the frequency domain resource assignment field, where [image: ] if the frequency hopping flag is set to '0' and [image: ] is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
For operation with shared spectrum channel access, 
· if useInterlacePUSCH-Common is provided
· if the subcarrier spacing for the active UL bandwidth part is 30 kHz,  truncate the frequency domain resource assignment field to its 5  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
· if the subcarrier spacing for the active UL bandwidth part is 15 kHz,  truncate the frequency domain resource assignment field to its 6  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
· if useInterlacePUSCH-Common is not provided
· if  
· truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
· else
· insert   most significant bits with value set to '0' after the  bits to the frequency domain resource assignment field, where  if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1', and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
· end if
· end if 

*** Unchanged text is omitted ***
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