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1	Introduction
This contribution covers corrections for procedure aspects of 2-step RACH. Use of CSI-RS in handover with contention free operation, test of SFN bits for MsgB reception and the reference point of the start of MsgB window for a MsgA with only PRACH part are proposed.
[bookmark: _Ref178064866]2	Discussion
2.1	CSI-RS resource for 2-step CFRA
In NR Rel-15, for Msg1 preamble resource selection with CFRA ordered from higher layers in 4-step RA, either an SSB resource or a CSI-RS resource might be used as a path loss reference. For 2-step RA, CFRA was agreed to be supported for the handover case, for which it should be also possible to use path loss measurement on CSI-RS to determine the MsgA resource for the preamble part.
In section 5.1 of 38.214, it has already been captured that the UE may assume that the DM-RS port of PDSCH is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE used for RACH association when receiving MsgB PDSCH.
In section 8.2 of 38.213, the UE may assume the same DM-RS antenna port quasi co-location properties as for an SS/PBCH block or a CSI-RS resource that the UE used for PRACH association, when receiving RAR in 4-step RA. But in section 8.2A, this assumption is missed for receiving MsgB.
So, we have the proposal below and text proposal TP1 which also captures the test for valid SFN LSBs as discussed in section 2.2.
Observation 1 [bookmark: _Toc32584957]CSI-RS may be used as a path loss reference for handover with 2-step CFRA, which requires a QCL assumption between CSI-RS and MsgB PDSCH DM-RS.
Proposal 1 [bookmark: _Toc37446066]Include the possible QCL assumption between CSI-RS and the DM-RS port for receiving MsgB in section 8.2A of 38.213, according to the text proposal TP1.
RAN2 has sent a LS in [1] to RAN1 on whether there’s any issue to support CSI-RS resource for 2-step RA. Actually, in the agreed running CR of 38.331 [2] for 2-step RACH, csirs-ResourceList has already been captured in CFRA-TwoStep IE.
CFRA-TwoStep-r16 ::=                    SEQUENCE {
	…
        csirs                                   SEQUENCE {
            csirs-ResourceList                      SEQUENCE (SIZE(1..maxRA-CSIRS-Resources)) OF CFRA-CSIRS-Resource,
            rsrp-ThresholdCSI-RS                    RSRP-Range
        }
    },
    totalNumberOfTwoStepRA-Preambles-r16    INTEGER (1..62),
    ...
}

CFRA-CSIRS-Resource ::=         SEQUENCE {
    csi-RS                          CSI-RS-Index,
    ra-OccasionList                 SEQUENCE (SIZE(1..maxRA-OccasionsPerCSIRS)) OF INTEGER (0..maxRA-Occasions-1),
    ra-PreambleIndex                INTEGER (0..63),
    ...
}

According to the discussion above, we make the following proposal (also reflected in the draft LS [3]).
Proposal 2 [bookmark: _Toc37446067]Inform RAN2 in the reply LS that there’s no issue to support CSI-RS resource for 2-step RA.
-------------------------------------------start of TP1 for 38.213 section 8.2A ----------------------------------------
8.2A	Random access response - Type-2 random access procedure
------------------------------------------------Unchanged Text Omitted------------------------------------------
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 MsgB-RNTI 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].
If the UE detects a DCI format 1_0 with CRC scrambled by the corresponding MsgB-RNTI, and the SFN LSBs of the DCI match those of the SFN in which the PRACH transmission occurred, and the UE receives a transport block in a corresponding PDSCH, the UE may assume the 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 DCI format 1_0.
------------------------------------------------Unchanged Text Omitted------------------------------------------
-----------------------------------------------------end of TP1------------------------------------------------------------
2.2	2 LSB SFN bits in DCI 1_0 for RAR/MsgB with extended RAR/MsgB window
To accommodate larger random access response (RAR) windows, it was requested by RAN2 [4] to include 2 bits in DCI for Msg2 and MsgB transmissions, i.e., DCI Format 1_0 with CRC scrambled by RA-RNTI or MsgB-RNTI. The proposal from RAN2 was agreed for both NR-U and 2-step RACH (see [5]). In 38.212, two of the reserved bits for DCI format 1_0 are used to signal the two least significant bits of the SFN and a reference is made to 38.213. However, for operation without shared spectrum channel access, if random access type 2 (i.e. 2-step RACH) is used, the corresponding procedure text in 38.213 is missing. 
Furthermore, 38.212, 38.213, and 38.214, are misaligned on the RNTI type naming. 38.212 refers to ‘msgB-RNTI’, while 38.213 and 38.214 refer to ‘MsgB-RNTI’. This should be corrected by using ‘MsgB-RNTI’ in all RAN1 specs.
An LS [6] from RAN2 has also been sent to ask RAN1 to capture the test of 2 least significant SFN bits:
· Capturing the relationship between PDSCH and a the LSBs of the SFN signaled in DCI:
RAN2 agreed a downlink assignment is valid for successful RAR reception if the two LSB bits of the SFN indicated in DCI format 1_0 scrambled by RA-RNTI or msgB-RNTI correspond to the PRACH occasion used to transmit the Random Access Preamble. RAN2 agreed that TS 38.213 should capture such validation, i.e. to determine whether a downlink assignment is valid for successful RAR reception.
According to the discussion above, we make the following proposal and corresponding text proposals TP2 and TP3. Note that a similar test for SFN LSB validity for Msg2 reception in NR-U is provided in [7].
Proposal 3 [bookmark: _Ref31980288][bookmark: _Toc32311544][bookmark: _Toc37446068]Add procedure text to 38.213 checking the SFN LSBs in DCI for MsgB against the SFN in which PRACH is transmitted and correct the description of SFN LSBs and reserved bits in 38.212 with respect to MsgB-RNTI and RA-RNTI, according to text proposals TP2 and TP3.
[bookmark: _Hlk32241298]---------------------------------------------start of TP2 for 38.213, Section 8.2A -----------------------------------
8.2A	Random access response - Type-2 random access procedure
------------------------------------------------Unchanged Text Omitted------------------------------------------
If the UE detects the DCI format 1_0, with CRC scrambled by the corresponding MsgB-RNTI and the SFN LSBs of the DCI match those of the SFN in which the PRACH transmission occurred, and the UE detects 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 and  is as defined for PUSCH transmission in Table 6.1.2.1.1-5 of [6, TS 38.214]
-	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]
-	for operation with shared spectrum channel access, a channel access type and CP extension [15, TS 37.213] for a PUCCH transmission is indicated by a ChannelAccess-CPext field in the successRAR 
-	the PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a last PUSCH transmission
------------------------------------------------Unchanged Text Omitted------------------------------------------
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 MsgB-RNTI within the window with the SFN LSBs of the DCI that match those of the SFN in which the PRACH transmission occurred, 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 MsgB-RNTI within the window with the SFN LSBs of the DCI that match those of the SFN in which the PRACH transmission occurred, 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 Text Omitted------------------------------------------
----------------------------------------------------------end of TP2--------------------------------------------------------

[bookmark: _Hlk32238519]-------------------------------------------start of TP3 for 38.212 section 7.3.1.2.1---------------------------------
------------------------------------------------Unchanged Text Omitted------------------------------------------
The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by RA-RNTI or mMsgB-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] 
[bookmark: _Hlk32235609]-	LSBs of SFN – 2 bits for the DCI format 1_0 with CRC scrambled by mMsgB-RNTI as defined in Clause 8.2A of [5, TS 38.213]; or 2 bits for the DCI format 1_0 with CRC scrambled by RA-RNTI as defined in Clause 8.2 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 mMsgB-RNTI; or 14 bits for the DCI format 1_0 with CRC scrambled by RA-RNTI for operation in a cell with shared spectrum channel access; otherwise 16 bits
------------------------------------------------Unchanged Text Omitted------------------------------------------
-------------------------------------------------end of TP3---------------------------------------------------------------
2.3	Start of MsgB window
In the LS [8] sent from RAN2, it was asked whether the starting point for MSGB window is clear in the RAN1 specifications when the UE does not transmit the MsgA PUSCH.
In the current version of 38.213, only a MsgA with both PRACH and PUSCH is assumed when defining the requirement of the start of the MsgB window:
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 MsgB-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 msgB-ResponseWindow.
For MsgA without valid PUSCH occasion, only the PRACH part will be transmitted. The issue then is that there will be no reference point if there’s no valid PO. 
Figure 1 below illustrates two cases: where a PO is used as a reference point and where the MsgA RO is used as a reference point. Three POs are shown, one of which (PO#2) is invalid. The mapping ratio calculated in one SSB to RO association pattern period is 1, i.e. preambles in one PRACH slot are one to one mapped to all the valid PRUs defined relative to this PACH slot. Preamble 1 maps to PO1, while preamble 2 maps to PO#3, and preamble 3 is not mapped to a PO, since there are more preambles than valid POs. 
It is possible to use PO#3 (the last valid PO) or the RO as the timing reference. Using the RO will allow the gNB to transmit a fallback RAR or allow the UE to do RA reattempt earlier than if PO#3 is used. On the other hand, since the number of unmapped preambles is likely to be small, the timing advantage will be relatively infrequent, and the worst case delay is the same as when the last valid RO is used. Using the PO is slightly more consistent with existing mechanisms, but is not expected to have a real complexity benefit. Therefore, while either approach is acceptable, we slightly prefer using the RO as timing reference for unmapped preambles.

[bookmark: _GoBack] [image: ]
[bookmark: _Ref37368097]Figure 1 Start of MsgB window
Thus, we have below proposal and corresponding text proposal TP4. And a draft LS reply is also prepared in [9].
Proposal 4 [bookmark: _Toc37446069]For a MsgA transmission with only preamble transmitted, the start of the MsgB window is at least 1 symbol after the last symbol of the PRACH occasion for the MsgA transmission, according to text proposals TP4.
------------------------------------------start of TP4 for 38.213 section 8.2A-----------------------------------------
[bookmark: _Toc29894833][bookmark: _Toc29899132][bookmark: _Toc29899550][bookmark: _Toc29917287][bookmark: _Toc36498161]8.2A	Random access response - Type-2 random access procedure
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 MsgB-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 or after the last symbol of the PRACH occasion corresponding to the PRACH transmission if the MsgA transmission contains only a PRACH, 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 msgB-ResponseWindow.
------------------------------------------------Unchanged Text Omitted------------------------------------------
-------------------------------------------------end of TP4---------------------------------------------------------------
Conclusion
This contribution has considered corrections for procedure aspects of 2-step RACH. Use of CSI-RS in handover with contention free operation, check of SFN bit validity for MsgB reception, and the reference point of the start of the MsgB window for a MsgA with only a PRACH were proposed. They can be summarized as follows, and corresponding text proposals can be found in section 2.
Proposal 1	Include the possible QCL assumption between CSI-RS and the DM-RS port for receiving MsgB in section 8.2A of 38.213, according to the text proposal TP1.
Proposal 2	Inform RAN2 in the reply LS that there’s no issue to support CSI-RS resource for 2-step RA.
Proposal 3	Add procedure text to 38.213 checking the SFN LSBs in DCI for MsgB against the SFN in which PRACH is transmitted and correct the description of SFN LSBs and reserved bits in 38.212 with respect to MsgB-RNTI and RA-RNTI, according to text proposals TP2 and TP3.
Proposal 4	For a MsgA transmission with only preamble transmitted, the start of the MsgB window is at least 1 symbol after the last symbol of the PRACH occasion for the MsgA transmission, according to text proposals TP4.
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