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Introduction
In the RAN#82 meeting, the work item for 2-step RACH was approved [1]. The WID includes the following objectives which impact on RAN1.

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)

[bookmark: _GoBack]In the RAN1#96bis meeting, the following agreements were made [2].
Agreements:
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Agreements:
· For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
· MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH.
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.
Agreements:
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH

In this contribution, we discuss the 2-step RACH procedure including fallback, power control, and beam selection. This contribution is revision of R1-1904247.

Discussion
MsgA/MsgB content
In principle, the 2-step RACH procedure can be perceived as a simplified 4-step RACH where the msgA contains Msg.1 and Msg.3 of the 4 step RACH, which corresponds to the preamble (Msg1) followed by a data part (Msg3): for example, the connection request and UE ID. Buffer status report (BSR) is also something that potentially could be included in msgA in some scenarios. Then, msgB consists of the 4-Step RACH Msg.2 and Msg.4, which corresponds to the RA response (RAR), timing advance (TA) information, and finally the RRC response message. Furthermore, we could also consider that the msgA can contain data from the application layer. One potential use-case for the 2 step RACH with data in msgA is the internet of things (IoT), employing mMTC modems, where the data can be ultra-small. The 2-step RA procedure is illustrated in Figure 1.


[bookmark: _Ref471395322]Figure 1: 2 step Random Access Procedure
UL grant is contained in the Msg2 (RAR) of 4-step RACH in order to schedule Msg3 transmission by a UE engaged in the 4-step RACH procedure. However, UL grant contained in the second message (MsgB) is not necessary in 2-step RACH procedure, since no RACH-related message is required after MsgB. Contention resolution would have happened with MsgB successfully received. If UL resource is needed for UE after contention resolution, it can be scheduled normally via DCI.
Proposal 1: UL grant should not be contained in MsgB.

Fallback procedure
As we also discussed in [2], it is envisaged that when 2-step RACH procedure fails, the UE should revert to 4-step RACH procedure. When a UE initiates a 2-step RACH procedure, one of the following can happen at the gNB:
(A) The gNB detects the PRACH preamble contained in MsgA but cannot successfully decode the PUSCH contained in the MsgA.
(B) The gNB does not detect the PRACH preamble nor decode the PUSCH contained in Msg A.

Examples of instances when unsuccessful decoding of PUSCH, case (A) may occur include for example:
· (A-1) the PUSCH collides with another from a different UE 
· (A-2) the SINR is too low for successful decoding of the PUSCH, 
· (A-3) having transmitted the preamble, there then follows a LBT failure for PUSCH transmission on unlicensed spectrum so the PUSCH is not transmitted, etc. 
When PUSCH decoding fails, the UE is expected to fall back to 4-step RACH. 

In the case (A), it may not be necessary to retransmit PRACH preamble of 4-step RACH, since gNB has already detected a PRACH preamble and calculated a TA from it. The procedure at gNB-side should be that, after PRACH preamble reception, the gNB can detect whether the preamble relates to a 2-step or 4-step RACH from either the preamble itself or the RACH occasion in which the preamble was detected. If the preamble relates to a 2-step RACH, the gNB will proceed to decoding the associated PUSCH. If the PUSCH is successfully decoded, the gNB would proceed to compose and send a MsgB. On the other hand, if there is no success in the decoding of an associated PUSCH or indeed the preamble was associated with a 4-step RACH procedure, the gNB would send instead a normal 4-step RACH RAR. At the UE which initiated the 2-step RACH procedure, after MsgA transmission, the UE has to expect that either MsgB or RAR may be received during the relevant RACH response reception window. If the UE receives a MsgB, it would conclude that the 2-step RACH procedure was successful. However, if it receives instead a RAR, it would conclude (after the requisite number of repetitions) that the 2-step RACH procedure has failed and that it needs to fall back to 4-step RACH procedure. In this fall back, the UE can continue with transmitting a Msg 3 of the 4-step RACH procedure since it already has the UL resource allocation for Msg3 and the TA from the RAR.
Proposal 2: RAN1 mandate that any UE that initiates a 2-step RACH procedure should assume that either MsgB or RAR may be transmitted from the gNB.
In this case, since either MsgB or RAR may be transmitted from the gNB within the RACH response reception window, a mechanism for detecting either MsgB or RAR has to be considered. By detecting/receiving a response type (MsgB or RAR) indication according to the recognition mechanism, the UE would be aware of whether its initiated 2-step RACH procedure has failed or succeeded.
Observation 1: Recognition mechanism of MsgB or RAR should be considered.
The format/contents of RAR and MsgB are different so, the UE can recognize which is transmitted from the gNB after decoding the PDSCH. However, decoding of PDSCH without knowing the message format can increase complexity as well as latency. It is desirable that the UE should be aware of some aspects of the response type (MsgB or RAR) from the PDCCH so as to ease decoding of the PDSCH (for RAR or MsgB) and to enable HARQ operation for MsgB. Taking PDCCH blind decoding burden into consideration, using a RNTI for the DCI that schedules the MsgB that is different from RA-RNTI is therefore desirable. 
Proposal 3: RNTI for MsgB should be different from RA-RNTI.
· RNTI can be used for recognition of RAR or MsgB
· The detailed design of RNTI for MsgB is up to RAN2.

Case (B) would likely occur when the transmission power for Msg A is not enough. In this case, like PRACH retransmission of 4-step RACH, Msg A retransmission with ramping of the Tx power, could be considered.
Proposal 4: MsgA retransmission with power ramping should be supported in a case that neither RAR nor MsgB is received.
On the other hand, since MsgA has to occupy more physical resource compared to PRACH only, MsgA tends to make broad inter-cell interference. In some cases, it would be better to switch from MsgA retransmission to preamble-only retransmission to avoid broad interference caused by MsgA retransmission. Therefore, mechanisms to terminate the number of retransmissions of MsgA should be considered. There are 2 approaches; 
· (option 1) UE counts the number of MsgA retransmissions, 
· (option 2) UE starts a timer when UE first transmits MsgA. 
If the retransmission counter of MsgA exceeds a configured threshold or the timer expires, UE falls back from 2-step RACH to 4-step RACH then start to transmit Msg1 (preamble-only).
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
· Retransmission counter or failure timer are options for the mechanism.
In the case of fallback from 2-step to 4-step when neither RAR nor MsgB is received, 2 options for power ramping counter could be considered; 
a) power ramping counter value is reset, 
b) power ramping counter value is retained. 

If power ramping counter value is reset, UE has to start preamble transmission from low Tx power. Since it is supposed that gNB cannot detect preamble until received power reaches level of reception sensitivity, it would result in random access latency. Therefore, to avoid unnecessary latency, power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fall back.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fall back.

Beam selection
In RAN1#96bis meeting [2], for the beam selection aspect, the following 3 options were made.
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam). Up to UE implementation.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
In most cases, UE tends to select the same Tx beam between MsgA PRACH and MsgA PUSCH. On the other hand, in some cases, using different Tx beams between MsgA PRACH and MsgA PUSCH would be beneficial. For example, in a case that PRACH is associated with SSB and PUSCH is associated with CSI-RS, it would make better performance that UE select rough beam for MsgA PRACH transmission and finer beam for MsgA PUSCH transmission. Since using different Tx beams sometimes brings better performance, we think it is not necessary to restrict Tx beam selection. For option 3, since network can control UE not to select wrong Tx beam, neighbour cell interference could be suppressed. However, it is difficult to completely control idle mode and inactive mode UE. Option 3 could be applied only for connected mode UE.
Proposal 7: For idle mode and inactive mode UE, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.

Conclusions
In this contribution, based on the above discussion we have the following proposals and observation relating to 2-step RACH procedure:
Proposal 1: UL grant should not be contained in MsgB.
Proposal 2: RAN1 mandate that any UE that initiates a 2-step RACH procedure should assume that either MsgB or RAR may be transmitted from the gNB.
Observation 1: Recognition mechanism of MsgB or RAR should be considered.
Proposal 3: RNTI for MsgB should be different from RA-RNTI.
· RNTI can be used for recognition of RAR or MsgB
· The detailed design of RNTI for MsgB is up to RAN2.
Proposal 4: MsgA retransmission with power ramping should be supported in a case that neither RAR nor MsgB is received.
Proposal 5: Mechanism to limit retransmissions of MsgA and fallback to 4-step RACH should be considered.
· Retransmission counter or failure timer are options for the mechanism.
Proposal 6: Power ramping counter for preamble should be inherited from 2-step RACH to 4-step RACH in the case of fallback.
Proposal 7: For idle mode and inactive mode UE, the MsgA PRACH and MsgA PUSCH should use same or different Tx spatial filter (beam) up to UE implementation.
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