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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16]This document discusses the remaining issues in 2-step RACH channel structure.
High priority with reply LS needed
· Long preamble sequence for 2-step RACH for NR-U 
· PUSCH resource for CFRA 
Remaining issues needs corrections or further discussions
· Frequency hopping, which hop is considered for mapping
· Clarification on the configuration of new PRACH configuration.
· Additional validation rules for PRACH and PUSCH
· Clarification on the reference point for the slot offset

 On the new PRACH sequences of NR-U
In [1], an LS from RAN2 asked whether the two new root sequences introduced in Rel-16 NR-U are applicable to 2-step RA for NR-U:
	1. Overall Description:
During the running RRC CR[1] discussions question arose whether the newly introduced NR-U PRACH root sequences (of length 571 and 1151) are applicable to 2-step RA. As indicated in the 2-step RA parameter list [2], the parameter msgA-PRACH-RootSequenceIndex shall be applicable to 2-step if the configured, else it shall apply the value configured in 4-step. Since RAN2 has introduced the option of configuring a BWP with only 2-step RA, then if 2-step RA shall support the newly introduced NR-U PRACH root sequences as for the current 4-step RRC configuration[3], then it needs to be explicitly configurable for 2-step RA.
Thus RAN2 ask whether the NR-U PRACH root sequences shall be introduced for 2-step random access.

2. Actions:
To RAN1:
ACTION: RAN2 respectfully ask RAN1 to consider whether the two new root sequences above are applicable to 2-step RA for NR-U.



One of the objectives of the 2-step RACH WI is:
For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Similar to the MSGA PUSCH which supports the interlaced structure defined in NR-U, we think also it is reasonable to support the new root sequences for the MSGA PRACH so as to satisfy the OCB requirements, for the 2-step RACH application for NR-U.
Proposal 1: 
· The two new root sequences introduced in Rel-16 NR-U are applicable to 2-step RA for NR-U.


[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995] PUSCH resource for CFRA
Regarding the agreement in RAN2#109e meeting, it is agreed to support dedicated msgA PUSCH resources for 2-step CFRA.
Agreements 
For 2-step CFRA 
1	Support dedicated msgA PUSCH resources, i.e non-shared msgA PUSCH resources between CFRA and CBRA. 
2	For dedicated msgA PUSCH resources, the full msgA PUSCH configuration is signaled in RACH-ConfigDedicated
3	Dedicated msgA PRACH occasions are optionally configured for 2-step CFRA. If not configured, msgA PRACH occasions for 2-step CBRA are used.

And an LS [2] is received from RAN2 asking RAN1 to choose one alternative for the preamble-to-PRU mapping for CFRA.
	The remaining issue for CFRA after these agreements was identified as part of the open issue summary on Control Plane [1]. The remaining issue is regarding the preamble-to-PRU mapping for CFRA and how to map a dedicated preamble to a dedicated CFRA msgA PUSCH resource. Currently RAN2 have discussed two alternatives for mapping:
Alt 1: Reusing the preamble-to-PRU mapping rule defined by RAN1 for CBRA and signaling the number of contention free preambles per SSB (field msgA-TotalNumberOfCFRAPreambles), and an offset, if needed, to be used for the start of the contention free preamble in each RACH occasion (field msgA-PreambleStartIndex)[2]. And it is noted that for CFRA dedicated configuration may include 1-to-1 mapping between a preamble index and a PUSCH resource unit.
Alt 2: The PUSCH occasions corresponding to a PRACH slot are indexed, first, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions; second, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot and Third, in increasing order of indexes for PUSCH slots corresponding to a PRACH slot. PUSCH occasion index is signaled in RACH-ConfigDedicated in addition to ra-PreambleIndex [3]. The indexing order can either be captured in RAN1 spec or in RAN2 specs. The validation rules for PUSCH resource and the DMRS mapping related aspects are assumed to be transparent to RAN2. 
It is clear from the discussions on these two alternatives that both may either require assistance from RAN1 or may have RAN1 specification impact. Alternative 1 has more support in RAN2.
For CFRA, RAN2 respectfully asks RAN1 to take the above alternatives into consideration and to implement one of the above solutions for CFRA preamble-to-PRU mapping and respond to RAN2 on the required signaling in order for the UE to successfully identify a PRU based on a dedicated preamble in respective SSB(s)/CSI-RS(s).

2. Actions:
To RAN1:
ACTION: RAN2 respectfully ask RAN1 to take the above into considerations and choose one alternative for the preamble-to-PRU mapping and reply to RAN2 on the required signaling to identify a PRU in a dedicated PUSCH occasion.



From RAN1 perspective, we think there are several differences between the two alternatives above:
· Q1: whether the PUSCH occasion is implicitly derived or explicitly signalled;
· Q2: whether multiple DMRS resources can be supported per PUSCH occasion.
· Q3: whether the preamble index is explicitly signaled or derived based on an offset from the CBRA preambles

It should be noted that with regards to Q1, both alternatives can be specified without RAN1 impact, i.e. for Alt.1 if the offset of preamble index is defined in RAN2 directly, then RAN1 impacts could be avoided; and for Alt.2 if the ordering is defined in RAN2 along with the ordering as already mentioned in the LS and the validation rule is reused from CBRA, then RAN1 impacts can be avoided. However, in our view, it is better to keep the resource ordering and the validation rules in RAN1 specs (as currently done for CBRA). 
For Q2, Alt.1 can be achieved without RAN1 impact, i.e. reusing the preamble-to-PRU mapping. While for Alt.2, as the DMRS mapping related aspects are assumed to be transparent to RAN2, some RAN1 effort is needed to specify which DMRS port/sequence is used for this case. To avoid such impact for Alt. 2, one possible way is to reuse the ordering of PRU, (i.e. PUSCH occasions and DMRS resources) defined for CBRA.
For Q3, Alt.2 follows the way in Rel-15 4-step CFRA. While Alt.1 requires RAN2 to specify the following parameters in ASN.1: msgA-TotalNumberOfCFRAPreambles and msgA-PreambleStartIndex.
Based on the above analysis, Alt.1 is slightly preferred and the modified Alt.2 could be acceptable. Therefore, we have the following proposal.
Proposal 2: 
· For the resource of CFRA, down-select between:
· Alt.1, i.e. reusing the preamble-to-PRU mapping rule for CBRA defined by RAN1. Confirm to RAN2 that the parameters msgA-TotalNumberOfCFRAPreambles and msgA-PreambleStartIndex shall be included in the ASN.1 signalling for 2-step CFRA. 
· Alt.2 with the following modification. The ordering of PUSCH and DMRS resource follows that of CBRA defined by RAN1, and confirm to RAN2 that the parameter to indicate the PUSCH and DMRS resource index shall be included in RACH-ConfigDedicated in addition to ra-PreambleIndex.


Other remaining issues
1) Frequency hopping
As the frequency hopping is configurable, and if enabled the hopping pattern for msg3 is reused. For FDMed POs, the ordering of frequency resource indexes for the second hop may be different from the first hop. Therefore, it should be clear which hop is used as the reference for determining the ordering. Intuitively we think it should be fine to use the first hop as the reference.
Proposal 3: 
· If frequency hopping for msgA PUSCH is enabled, the first hop is used to determine the ordering of POs in frequency domain.
· Adopt the TP#1 for 38.213.

----------------------------------------Start of TP #1 for TS 38.213------------------------------

8.1A	PUSCH for Type-2 random access procedure
------------------------------------------------Unchanged Text Omitted------------------------------------------
Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot
-	first, in increasing order of preamble indexes within a single PRACH occasion
-	second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion and the associated DMRS resource
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions. If frequency hopping is enabled, the first hop is used to determine the ordering
-	second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
-	third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
-	fourth, in increasing order of indexes for  PUSCH slots
----------------------------------------End of TP #1 ------------------------------

2) Additional validation rules for PRACH and PUSCH
There are some cases which have not been discussed in the WI, including the overlapping with other UL signals or slot format. In general we think the behaviour of msgA PRACH can follow that of PRACH, and the msgA PUSCH can follow that of PUSCH in Rel-15.
Proposal 4: 
· For type-2 random access procedure, PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not mapped to PUSCH occasions, i.e. considered as invalid ROs.
Proposal 5: 
· If MsgA PUSCH and PUSCH/PUCCH/SRS are overlapping in time within a same slot or when a gap between the first or last symbol of a MsgA PUSCH transmission is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission, it is up to UE implementation to transmit msgA PUSCH or other UL signal (PUSCH/PUCCH/SRS). 
Proposal 6: 
· For MsgA PUSCH conflicting with slot format
· The UE behavior is as same as that for Rel-15 PUSCH transmission. 
· For MsgA PRACH conflicting with slot format
· The UE behavior is as same as that for Rel-15 msg1 PRACH transmission
· If the UE cancels the PRACH transmission, the UE shall also cancel PUSCH transmission associated with the PRACH.

3) Clarification on the reference point for the slot offset
There has been some discussion on the following text, regarding the reference point for the slot offset. Basically we think it is clear the offset is at slot level, and there is no ambiguity to determine the slot index for the first PUSCH whether the reference point is at the start of a slot or in the middle of the slot. Therefore, we do not think there is a need to revise the wording.
For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgAPUSCH-TimeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of each PRACH slot.

Proposal 7: 
· There is no need to revise the reference point for the slot offset.

4) Clarification on the configuration of new PRACH configuration.
The following text proposal is to correct an editorial issue, as the new PRACH configuration index should be applied for Table 6.3.3.2-3 only.
Proposal 8: 
· [bookmark: _GoBack]Adopt the TP#2 for 38.211, to correct the applicable tables for the new PRACH configuration index.

----------------------------------------Start of TP #2 for TS 38.211------------------------------
6.3.3.2	Mapping to physical resources
------------------------------------------------Unchanged Text Omitted------------------------------------------
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 and depends on FR1 or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables 6.3.3.2-2 to 6.3.3.2-4 is
-	for Table 6.3.3.2-3 given by the higher-layer parameter prach-ConfigurationIndexNew if configured, otherwise by the higher-layer parameter prach-ConfigurationIndex, or by msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew if configured; and
-	for Tables 6.3.3.2-2 and 6.3.3.2-4 given by the higher-layer parameter prach-ConfigurationIndex, or by msgA-prach-ConfigurationIndex and msgA-prach-ConfigurationIndexNew if configured.
----------------------------------------End of TP #2 ------------------------------


Conclusions
The following proposals are made for the remaining issues of the channel structure.
Proposal 1: 
· The two new root sequences introduced in Rel-16 NR-U are applicable to 2-step RA for NR-U.
Proposal 2: 
· For the resource of CFRA, down-select between:
· Alt.1, i.e. reusing the preamble-to-PRU mapping rule for CBRA defined by RAN1. Confirm to RAN2 that the parameters msgA-TotalNumberOfCFRAPreambles and msgA-PreambleStartIndex shall be included in the ASN.1 signalling for 2-step CFRA. 
· Alt.2 with the following modification. The ordering of PUSCH and DMRS resource follows that of CBRA defined by RAN1, and confirm to RAN2 that the parameter to indicate the PUSCH and DMRS resource index shall be included in RACH-ConfigDedicated in addition to ra-PreambleIndex.
Proposal 3: 
· If frequency hopping for msgA PUSCH is enabled, the first hop is used to determine the ordering of POs in frequency domain.
· Adopt the TP#1 for 38.213.
Proposal 4: 
· For type-2 random access procedure, PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not mapped to PUSCH occasions, i.e. considered as invalid ROs.
Proposal 5: 
· If MsgA PUSCH and PUSCH/PUCCH/SRS are overlapping in time within a same slot or when a gap between the first or last symbol of a MsgA PUSCH transmission is separated by less than N symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission, it is up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS). 
Proposal 6: 
· For MsgA PUSCH conflicting with slot format
· The UE behavior is as same as that for Rel-15 PUSCH transmission. 
· For MsgA PRACH conflicting with slot format
· The UE behavior is as same as that for Rel-15 msg1 PRACH transmission
· If the UE cancels the PRACH transmission, the UE shall also cancel PUSCH transmission associated with the PRACH.
Proposal 7: 
· There is no need to revise the reference point for the slot offset.
Proposal 8: 
· Adopt the TP#2 for 38.211, to correct the applicable tables for the new PRACH configuration index.
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