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1. INTRODUCTION
At the last RAN1 meeting [1], further progress was made on 2-step RACH procedures and the following agreements were made. In this contribution, we provide our views on msgA PUSCH scrambling procedures for 2-step RACH. 
	· The following parameters are defined per msgA PUSCH configuration:
· Common parameters for both option 1 (separate configuration) and option 2 (relative location), at least include:
· MCS and/or TBS (to be further decided)
· Number of FDMed POs 
· POs (including guard band or guard period, if exist) under the same msgA PUSCH configurations are consecutive in frequency domain
· Number of PRBs per PO
· Number of DMRS symbols/ports/sequences (if support) per PO
· FFS whether or not support repetitions for msgA PUSCH
· FFS bandwidth of PRB-level guard band or duration of guard time
· FFS PUSCH mapping type
· Parameters specific to option 1, at least include:
· Periodicity (msgA PUSCH configuration period)
· FFS value range 
· Offset(s) (e.g., symbol, slot, subframe, etc.) 
· Time domain resource allocation, details FFS, e.g., in a slot for msgA PUSCH: starting symbol, number of symbols per PO, number of time-domain POs, etc.
· Frequency starting point
· Parameters specific to option 2, at least include:
· Single time offset (combination of slot-level and symbol-level indication) with respect to a reference point
· FFS, e.g., each PRACH slot (e.g., start or end of the PRACH slot), etc.
· Number of symbols per PO 
· FFS explicit or implicit indication
· Single frequency offset with respect to FFS (the start of the first RO in frequency or the end of the last RO in frequency)
· FFS: Number of TDMed POs
· Support multiple msgA PUSCH configurations for a UE
· FFS the maximum number of configurations
· FFS which parameters, if any, are common for all configurations
· FFS indication of different msgA PUSCH configurations, e.g. by different ROs, by different preamble groups, or by UCI
· FFS whether or not resources for different msgA PUSCHs can be overlapped in time-frequency, and if so, any spec impact
· FFS whether the frequency resource of msgA PUSCH should be limited to the bandwidth of PRACH
· FFS validation rule of msgA PUSCH
· The c_init for msgA PUSCH scrambling is at least derived based on a RNTI, preamble index, and/or n_ID (which can be  cell ID or configurable, to be FFS).
· FFS details of the RNTI
· FFS the inclusion of DMRS index.
· MsgA shall support all the preamble formats specified for NR release 15.
[bookmark: _Hlk8850408]From RAN1 perspective, when re-transmitting MsgA, and if the MsgA PRACH is on a different spatial filter (beam) than the latest MsgA PRACH transmission, layer 1 notifies higher layer to suspend the power ramping counter of MsgA PRACH, 
· FFS: How to determine the retransmitted MsgA PUSCH Tx power.
Conclusion:
In the reply LS to the RAN2 on power ramping, 
· Include the agreements right above, and
· Mention that RAN1 discussed the suspension of power ramping counter when retransmitting MsgA, and if MsgA preamble is associated with a different SSB than the latest MsgA preamble transmission. The suspension of the power ramping counter for this scenario in case of 4-step RACH is described in the RAN2 specifications. It is up to RAN2 to agree on a similar behavior for 2-step RACH.
The proposals in 5.2.6 of R1-1907900 are agreed
[Copied as below, also captured in the approved LS to RAN2 R1-1907948]
[bookmark: _Hlk8917225][bookmark: _Hlk8932679]During MsgA PUSCH retransmissions, the MsgA PUSCH Tx power in transmission instance  is , where

·  is an offset relative to the preamble received target power that could be configured for 2-step RACH. If the offset parameter is absent, the parameter delta_preamble_msg3 of 4-step RACH is used.
· [Working Assumption] The power component from the transport format  is determined based on the same mechanism and the same parameter deltaMCS of Rel-15 Msg3 for the current transmission instance.
· The power component from pathloss compensation, , is determined by an alpha parameter, which is UE specific that is configured for 2-step separate from that of 4-step RACH. If the 2-step RACH alpha parameter is absent, the parameter msg3-alpha of 4-step RACH is used.
· FFS: cell-specific MsgA PUSCH alpha.
· For the downlink pathloss estimate for MsgA PUSCH power control, the UE uses the same RS resource index as that used for the corresponding MsgA PRACH
· The power ramping component is given by;

· Where,  is the requested ramp up from higher layers
· Further study and down select from the following alternatives:
· Alt1: Same ramp up for MsgA PUSCH and MsgA PRACH
 
· FFS: same power ramping counters for 2-step RACH MsgA PRACH and 4-step RACH Msg1.
· Alt 2: Separate ramp up for MsgA PUSCH and MsgA PRACH, with different counters
 
· Alt3: Separate ramp up for MsgA PUSCH and MsgA PRACH, with the same counter
 
RACH preamble power control parameters include; powerRampingStep and preambleReceivedTargetPower.



[bookmark: _Hlk521410680]
2. MSGA PUSCH SCRAMBLING
The enhancements to PUSCH scrambling are beneficial in the case where the PUSCH resources of msgA are shared by multiple users. For example, when multiple users select preambles which point to the same PUSCH resource, the transmissions of multiple users collide at the gNB and they cannot be decoded. However, if the scrambling sequence generator is initialized differently for these users, then the gNB can differentiate the users and decode each one’s payload. The details of the scrambling sequence generator initialization are currently under discussion.

In the last meeting RAN1 97, it was agreed that the  parameter for PUSCH scrambling is derived based on a RNTI, the preamble index, and/or . In Rel. 15, the scrambling sequence generator is initialized according to [38.211, 6.3.1.1]: 



where  is the RNTI associated with the PUSCH transmission and  is a configurable parameter.  can take on the value:
· {0,1,…1023} if the RNTI is C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 0_0 in a common search space, 
·  otherwise.

The outstanding FFS issues are the details of the RNTI and . Additionally, it is FFS whether DMRS index is needed as part of the initialization of the scrambling sequence generator. In this section, we provide our views on the three FFS components of  : RNTI, , and DMRS index. 

RNTI
For the RNTI, the UE uses a different value depending on its RRC state when it initiates the 2-step RACH procedure. 
In RRC_CONNECTED mode, a RACH procedure has already been successfully carried out between UE and gNB. As a result, a C-RNTI is already generated by the gNB and established at the UE. The C-RNTI can be used as a UE-specific identifier to link the UE to its PUSCH transmission. When the UE generates msgA, it suffices to use the C-RNTI as  to scramble the PUSCH portion of payload data since the gNB is able to decode this UE even if other UEs collide on the same PUSCH. 

In RRC_IDLE mode, the UE does not have a C- or TC-RNTI assigned. The only RNTI available to the UE is the RA-RNTI which is defined based on the PRACH occasion parameters as: 
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id, t_id, f_id, and ul_carrier_id are preconfigured parameters, where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier). Since the RA-RNTI is a common value to multiple preambles configured to the same PRACH transmission occasion, it cannot be used directly to initialize the scrambling sequence generator because all IDLE UEs using the same RACH occasion on the same UL carrier generate the same RA-RNTI and are indistinguishable to the gNB. 

To enhance the RNTI value, the combination of preamble index and RA-RNTI can be used to generate one RNTI per user for 2-step RACH (e.g. 2RA-RNTI) which can be used to scramble on shared PUSCH resource. There is no additional signalling or overhead required to describe the RNTI value since the gNB implicitly determines the value based on preamble detection. As shown in Figure 1, when two UEs initiate the RACH, they randomly select a preamble from a common RACH occasion, and then calculate 2RA-RNTI as a function of the RA-RNTI+preamble index value. The computed 2RA-RNTI is used to as the RNTI value to initialize . At the gNB, the preambles are received first and the preamble indices are determined. The gNB then knows the RA-RNTI since it knows to which RACH occasion the preambles belong and it can reconstruct the 2RA-RNTI to descramble the UE’s payload. The gNB can recover multiple users on the same PUSCH resource in the same way provided they chose different preambles. 



[bookmark: _Ref16584461]Figure 1 2RA-RNTI based on preamble and RA-RNTI for two users

Proposal 1: RNTI used to scramble PUSCH-part of msgA is based on a combination of RA-RNTI and preamble index. 



 is a configurable value. In the CONNECTED mode when a C-RNTI has already been established, it equals an integer value between 0 and 1023 which makes  specific to the UE transmission. However, in IDLE mode, it equals  which is a common value to all UEs attached to the serving cell. There have been some discussions of making  configurable which could be done by changing the  value. UEs can be separated at the gNB based on different  values since it generates different scrambling identities. This requires the gNB to perform a blind detection through possible  values or to include additional overhead such that the gNB is informed of the UE’s  value. In our views, it is sufficient to keep  as defined in Rel-15.  

Proposal 2: The value of  is defined as in Rel. 15. 


DMRS index
It has been proposed in past meetings to use the DMRS index as part of the RNTI generation process. If multiple preambles point to a same PUSCH resource, each preamble can be mapped to a different DMRS port. Then, the DMRS port indices can be used to initialize the scrambling sequence generator and separate the users. 

As previously discussed, the combination of preamble index and RA-RNTI can be used to differentiate users. By inclusion of DMRS index, users can be further distinguished through an additional dimension. For example, a UE randomly selects a preamble, and also randomly selects a DMRS index. If users select the same preamble, their DMRS ports could be different, and hence the scrambling can be different to assist gNB to differentiate the users. 
[bookmark: proposal1]
Proposal 3: DMRS index is supported in addition to preamble indices. 

3. CONCLUSION

In this contribution, we discussed the details of msgA PUSCH scrambling procedures for 2-step RACH. We make the following proposals:

Proposal 1: RNTI used to scramble PUSCH-part of msgA is based on a combination of RA-RNTI and preamble index. 
Proposal 2: The value of  is defined as in Rel. 15. 
Proposal 3: DMRS index is supported in addition to preamble indices. 
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