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1	Introduction
This contribution addresses corrections for channel structure aspects of 2-step RACH. Issues in defining parameters for contention free msgA transmission are introduced here, and discussed in detail in [1]. Frequency hopping cannot be enabled for msgA PUSCH when interlaced resource allocation is used, which is captured in one TP. Corrections for determining the frequency hopping pattern and identifying licensed vs. unlicensed operation requirements for a time gap between PRACH and PUSCH are also provided. 
[bookmark: _Ref178064866]2	Discussion
2.1 	msgA PUSCH configuration for CFRA
In previous RAN1 discussions in the 2-step RACH work item, only parameters for contention based random access were considered. RAN2 is discussing which parameters and how to indicate the parameters in dedicated signaling for msgA PUSCH transmissions for 2-step contention free random access, and these discussions might benefit from advice RAN1’s perspective.
We may try to reuse the existing parameters for CBRA and simply put them in dedicated signaling, but the following factors need to be considered:
· Some of the parameters for CBRA need to be updated as they were designed considering the whole PO set instead of one PO, e.g. frequencyStartMsgAPUSCH should be changed to the start PRB for the dedicated PUSCH instead of the start of the 1st PO in a set of POs.
· Some of the parameters are not needed which are specific for CBRA, e.g. nrMsgAPO-FDM.
· A dedicated TPC command for power control similar to msg3 or PUSCH scheduled by DCI or configured grant should be used since this is a dedicated PUSCH.
According to the above considerations, we provide in [1] a list of parameters needed for 2-step CFRA. We suggest that RAN1 can discuss this list soon, since it is related to RRC parameter finalization and RAN1 specification changes for 2-step CFRA.
[bookmark: _Toc32593911]RAN1 determines the parameters for msgA PUSCH configurations in CFRA.
2.2	Correction to Frequency Hopping for msgA PUSCH
The description of PUSCH resource allocation type 2 in section 6.1.2.2.3 of 38.214 is referred to by all PUSCH transmissions except msgA PUSCH for which the interlaced frequency domain resource allocation is explicitly described in 38.213. Furthermore, it has been specified that the UE transmits PUSCH resource allocation type 2 without frequency hopping in section 6.3.1 of 38.214.
For msgA PUSCH for 2-step RACH, section 8.1A of 38.213 describes the procedure for msgA PUSCH transmission including frequency hopping. This applies only if the UE is not configured for interlaced PUSCH transmission. Hence, we propose the following:
[bookmark: _Toc32593908]Frequency hopping is not supported for interlaced PUSCH transmission, but this is not presently reflected in 38.213 for msgA PUSCH.
[bookmark: _Toc32505068][bookmark: _Toc32593912]Correct 38.213 section 8.1A to specify that the UE shall transmit msgA PUSCH without frequency hopping if interlacing is configured, according to the text proposal TP1.

--------------------------------------start of TP1 for 38.213 section 8.1A-----------------------------------------
--------------------------------------unchanged text omitted------------------------------------
A UE is provided an MCS for data information in a PUSCH transmission for a PUSCH occasion by msgA-MCS.
For a PUSCH transmission with frequency hopping in a slot, when indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, the frequency offset for the second hop [6, TS 38.214] is determined as described in Clause 8.3, Table 8.3-1 using msgA-HoppingBits instead of [image: ]. If guardPeriodMsgAPUSCH is provided, a first symbol of the PUSCH transmission after frequency hopping is separated by guardPeriodMsgAPUSCH symbols from a last symbol of the PUSCH transmission before frequency hopping; otherwise, there is no time separation of the PUSCH transmission before and after frequency hopping. If the UE is provided with useInterlacePUSCH-Common, it shall transmit PUSCH without frequency hopping. A PUSCH transmission uses a same spatial filter as an associated PRACH transmission. 
A UE determines whether or not to apply transform precoding for a PUSCH transmission as described in [6, TS 38.214].
--------------------------------------unchanged text omitted------------------------------------
------------------------------------------------end of TP1----------------------------------------------------
2.3	Preamble to PUSCH mapping in case of frequency hopping
The following has been agreed in RAN1 to support frequency hopping of msgA PUSCH.
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16

But when frequency hopping is enabled for msgA PUSCH, different hops selected for the mapping from preambles may result in different mapping in some cases. And RAN1 have the following agreements on the mapping between msgA preamble and msgA PUSCH:
Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· 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
· Fourth, in increasing order of indexes for PRACH slots

Agreements:
Update the previous agreement as the following:
· Each M (M>=1) consecutive PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period is updated in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· DMRS indexes within a single PUSCH occasion are in increasing order of DMRS port first and DMRS sequences second. 
· 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

As an example, 2 ROs correspond to one PO set with 2 POs and intra-slot hopping is enabled. When the POs have same ordering in frequency domain as illustrated in Figure 1 below, no matter if hop1 or hop2 is selected for the preamble to PRU mapping, the mapping result will be the same.
[image: ]
Figure 1. POs in same order in frequency domain for 2 hops
When the POs have different ordering in frequency domain, e.g. when the set of POs in the 1st hop are in the middle of the BWP while [image: ] is the indicated frequency offset for the 2nd hop, as illustrated in Figure 2 below, selecting hop1 or hop2 for the preamble to PRU mapping will have different results since the preambles are mapped to POs in the order of frequency first according to the agreements above.
[image: ]
Figure 2. POs in different order in frequency domain for 2 hops
So we have following observation.
[bookmark: _Toc31029186][bookmark: _Toc32593909]Selecting different hops for the preamble to PRU mapping will have different mapping results when POs in different hops have different ordering in the frequency domain.
A simple way to solve this issue is to select the first hop to determine the preamble to PUSCH mapping, and we have following proposal:
[bookmark: _Toc31029188][bookmark: _Toc32593913]When frequency hopping of msgA PUSCH is enabled, the first hop is selected to determine the preamble to msgA PUSCH mapping, according to text proposal TP2.

--------------------------------------start of TP2 for 38.213 section 8.1A-----------------------------------------
8.1A	PUSCH for Type-2 random access procedure
--------------------------------------unchanged text omitted------------------------------------
A consecutive number of  preamble indexes from valid PRACH occasions in a 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
-	first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
-	second, in increasing order of DMRS indexes within a PUSCH occasion, where a DMRS 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
where ,  is a total number of preambles in valid PRACH occasions per association pattern period, and  is a total number of valid sets of PUSCH occasions per association pattern period multiplied by the number of DMRS indexes per valid PUSCH occasion. For a PUSCH transmission with frequency hopping in a slot, when indicated by msgA-intraSlotFrequencyHopping for the active UL BWP, the first hop is selected to determine the mapping from preambles to PUSCH occasions.
------------------------------------------------end of TP2----------------------------------------------------
2.4 	Gap requirement between MsgA preamble and PUSCH 
In the RAN1 #99 meeting, the following agreement was made on the gap requirement between a msgA preamble and msgA PUSCH that applies only to licensed band operation.
Agreements:
· The minimum transmission gap between the end of msgA PRACH and the beginning of msgA PUSCH (guard time excluded) is no less than Ngap symbols, as specified in TS 38.213, i.e., 2 or 4 symbols depending on the SCS
· This is not applied for NR-U
· Note: This is aligned with Rel-15
 
But in section 8.1A of 38.213 V16.0.0, whether useInterlacePUSCH-Common is provided or not is used to determine whether the UE is using NR-U or not. This is incorrect since a normal (non-interlaced) PUSCH can be used in NR-U. NR-U operation is generally identified by the term “operation with shared spectrum channel access” in the physical layer specifications. Thus we have following proposal:
[bookmark: _Toc32593910]Both interlaced and non-interlaced PUSCH operation is supported for NR-U.
[bookmark: _Toc32593914]Use “operation without shared spectrum channel access” instead of if useInterlacePUSCH-Common is provided to determine if random access operation is in a licensed band, according to text proposal TP3.

------------------------------------start of TP3 for 38.213 section 8.1A---------------------------------
8.1A	PUSCH for Type-2 random access procedure
For a Type-2 random access procedure, a UE transmits a PUSCH, when applicable, after transmitting a PRACH. The UE encodes a transport block provided for the PUSCH transmission using redundancy version number 0. For operation without shared spectrum channel accessIf useInterlacePUSCH-Common is not provided, the PUSCH transmission is after the PRACH transmission by at least  symbols where  for  or ,  for  or , and  is the SCS configuration for the active UL BWP.
A UE does not transmit a PUSCH in a PUSCH occasion if the PUSCH occasion is not mapped to a valid PRACH occasions. A UE can transmit a PRACH in a valid PRACH occasion if the PRACH occasion is not mapped to a valid PUSCH occasion.
--------------------------------------unchanged text omitted------------------------------------
---------------------------------------------------end of TP3-------------------------------------------------------------

Conclusion
In the previous sections we made the following observations: 
Observation 1	Frequency hopping is not supported for interlaced PUSCH transmission, but this is not presently reflected in 38.213 for msgA PUSCH.
Observation 2	Selecting different hops for the preamble to PRU mapping will have different mapping results when POs in different hops have different ordering in the frequency domain.
Observation 3	Both interlaced and non-interlaced PUSCH operation is supported for NR-U.

Based on the discussion in the previous sections we propose the following:
Proposal 1	RAN1 determines the parameters for msgA PUSCH configurations in CFRA.
Proposal 2	Correct 38.213 section 8.1A to specify that the UE shall transmit msgA PUSCH without frequency hopping if interlacing is configured, according to the text proposal TP1.
Proposal 3	When frequency hopping of msgA PUSCH is enabled, the first hop is selected to determine the preamble to msgA PUSCH mapping, according to text proposal TP2.
Proposal 4	Use “operation without shared spectrum channel access” instead of if useInterlacePUSCH-Common is provided to determine if random access operation is in a licensed band, according to text proposal TP3.
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