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1. INTRODUCTION
[bookmark: _Hlk521410680][bookmark: _GoBack]The discussion on 2-step RACH channel structure progressed in RAN1 #98b meeting [1]. Further discussions were made related to the preamble-to-PUSCH mapping and PUSCH scrambling initialization, and following agreements were reached,

	· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.
· Different configuration periodicity for msgA PRACH and PUSCH is not supported in Rel.16
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)
· All msgA PUSCH occasions and the associated msgA RACH occasions are confined within a single 20 MHz carrier/LBT bandwidth 
· 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
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period 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 
· 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
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination



In this contribution, we provide our views on preamble-to-PUSCH mapping and remaining details of PUSCH scrambling. 

2. MSGA CHANNEL STRUCTURE

One-to-multiple mapping
	At RAN1 #98, the following was agreed: 
	· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping



[bookmark: proposal1]With one-to-one mapping, each preamble is mapped to a dedicated PUSCH resource which is not shared with any other UE. The gNB can determine the msgA PUSCH resources directly based on the detected RAPID. With multiple-to-one mapping, multiple preambles are mapped to one PUSCH resource. The PUSCH resource is shared between multiple preambles and the gNB can distinguish the overlapping transmissions based on an enhanced PUSCH scrambling design. At this stage, it remains FFS whether one-to-multiple mapping is supported.

For some applications the reliability of msgA PUSCH transmission may be critical. PUSCH resources in different frequency regions can provide diversity benefits which increases the reliability of the PUSCH transmission. Alternatively, variable MCS can be achieved with a fixed payload size spread over variable number of PUSCH resources. This can be beneficial to support a wide range of payload sizes and reliability targets. If the UE requires a payload transmission that cannot be reliably supported with one PUSCH resource, multiple resources can be aggregated to carry the TBS in one shot rather than waiting for another PUSCH Occasion. 

The one-to-multiple can be supported through, for example, relative configuration. The preamble can map to multiple PUSCH resources in different locations with different time and frequency offsets as shown in Figure 1. Parameters Δt2 and Δf2 represent configurable time and frequency offset value of PUSCH Resource 2 with respect to the preamble location, respectively. 

Proposal 1: Support one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit. 



Figure 1
PUSCH scrambling
	The design agreed in RAN1 #98b targets an IDLE mode UE which does not have a C-RNTI assigned to scramble its PUSCH. The UE selects and transmits a preamble in a RACH Occasion (RO), and follows with transmission of a msgA. The preamble is TDMed with a PUSCH containing payload data. The UE initializes the scrambler using c_init which is calculated using the RA-RNTI and the preamble index. The gNB decodes the PUSCH of each UE by descrambling according to c_init where the scrambling initialization c_init is calculated using the RA-RNTI and preamble ID. 
	· The initialization ID for msgA PUSCH scrambling is:
· cinit = RA-RNTI216+RAPID210+nID
· nID is a cell-specific higher-layer parameter if configured; otherwise nID =NIDcell 
· RA-RNTI is as same as Rel.15 
· FFS whether or not to replace the RAPID by DMRS index, if 1-to-multiple mapping between preambles and PRUs is supported.



The FFS in the above agreement from the last meeting states whether to replace the RAPID by the DMRS index for the scrambling initialization. In our view, there are cases which can benefit from using the DMRS index as part of the scrambling initialization. For example, if the PUSCH resources are configured in a same time/frequency location, using the preamble alone may not be sufficient since all the resource are linked to the same preamble. In case of use of a same preamble by more than one UE, the scrambling for all UEs involved will be initialized based on a same c_init value. Therefore, a gNB cannot separate msgA PUSCH transmissions if they all use the same scrambling. However by including the DMRS index in the scrambling initialization, c_init for different UEs can be different, and gNB will have a better chance in differentiating and decoding msgA transmissions. Inclusion of DMRS index for scrambling initialization adds in an additional dimension to facilitate decoding at gNB, and it would be beneficial regardless of the type of preamble to PUSCH mapping.  We prefer that the DMRS index is used in addition to the RAPID.

Proposal 2: DMRS index is supported in addition to RAPID to define c_init for initialization of msgA PUSCH scrambling. 

3. Conclusion
In this contribution, we discussed issues related to linking preambles to PUSCH, and the remaining details of the scrambling initialization. Based on the discussion, following proposals are made,

Proposal 1: Support one-to-multiple mapping between preambles in each RO and associated PUSCH resource unit. 
Proposal 2: DMRS index is supported in addition to RAPID to define c_init for initialization of msgA PUSCH scrambling.  
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