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1 Introduction
A new work item on “2-step RACH for NR” was approved in RAN#82 [1] and the objectives of this work item for physical layer are identified as follows: 
1. 2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· 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)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH

This contribution discusses the procedure aspects for 2step RACH, including the power control, contents for msg.A and msg. B and fallback procedure.
2 2step RACH procedure
In 2step RACH procedure, a UE needs to transmit the msgA consisting of a preamble and a PUSCH, such that the TA, power control, Tx beam determination for the preamble and PUSCH need to carefully studied. After that the UE will try to detect the feedback (msgB) from the gNB, and UE will further behave based on the content in the feedback, like whether fallback to 4step or not.

1 
2 
Selection on 2step RACH or 4step RACH
According to the latest RAN2 agreements, a criterion to select 2step RACH or 4step RACH shall be specified. Considering that 2step RACH will includes a PUSCH transmission, thus it’s nature to allow these UE who has a qualified channel condition to select 2step RACH. For those DL measurements are not that good, it could follow the 4step RACH procedure to access the network. Thus, a RSRP_threshold of SSB could be indicated by gNB to UE, for selecting the 2step RACH or 4step RACH, e.g., if the RSRP is lower than the indicated threshold, UE choose 4step RACH, and if it’s higher, UE selects 2step RACH.
Proposal 1: a RSRP_threshold of SSB is provided to UE to select whether to initiate 2step RACH or 4step RACH.Agreements:
Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
Subcarrier Spacing (kHz) of the msgA PUSCH data part
Unit 
15
16*64 Tc
30
8*64 Tc
60
4*64 Tc
120
2*64 Tc
· Other options/variations are not precluded

TA related issue
The TA granularity issue has been discussed during last meeting, which left two options in the offline, which is the granularity of the time advance command is based on the msgA PUSCH SCS or the UL BWP SCS. For the indication of TA point of view, both SCS could work since it won’t be any ambiguity between gNB and UE. Thus, we think using the UL BWP SCS could be enough since this is the same logic as that defined for the 4step RACH TA granularity. Besides, if eventually the msg.A PRACH and PUSCH is only supported in different slot, the msgA PUSCH SCS equals the UL BWP SCS, so it maybe doesn’t even matter at the end. In addition, the table is actually the same as that for 4step RACH in Rel-15. 
Proposal 2: the granularity of the TA command in msgB is determined by the same table for the granularity of the TA command in 4step RACH RAR with the subcarrier spacing (kHz) value is based on the UL BWP SCS.
Power control aspects
 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.

The power control parameters for RACH preambles are basically the preamble received target power and the power ramping step size. To the preamble detection point view, there is no motivation to use different preamble received target power or different power ramping step size for 2-step RACH and 4-step RACH.
Proposal 3: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Agreements:
For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC

The general design rule for msgA PUSCH is to reuse the power control mechanism for msg.3 PUSCH. For example, the full path loss compensation should be supported or not needs further carefully discussed. The msgA consists of preamble and PUSCH transmission. Traditionally, in 4step RACH, gNB could give a TPC in the RAR to the UE based on the detected preamble for its msg.3 transmission. However, in this initial msgA transmission, the open-loop power control should also apply to the PUSCH transmission as agreed in RAN1#96 meeting [2], which is a straightforward choice since msgA transmission for 2step RACH is contention based nature and could happens before RRC connected mode. There was a consideration that using the TPC command in the RAR to facilitate the power control for 2step RACH re-attempt. But it is not a reliable choice because UE cannot ensure that RAR is intended for itself or for other UEs. In addition, in 4step RACH mechanism, a power offset PREAMBLE_ Msg3 between preamble and the msg.3 is determined based on the preamble format (including SCS). The same power offset could be applied for transmission power of PUSCH in msgA.
Proposal 4: The PREAMBLE_ Msg3 in NR Rel-15 relative to the preamble received target power should be supported.
For the total power ramp-up requested by higher layers for MsgA PUSCH Tx, the option 6.1 will need to have a separate power ramping procedure for PUSCH part, which is not necessary. The original purpose of having the total power ramp-up (for preamble) requested by higher layer is to level up the msg.3 transmission power to start with the latest successfully detected preamble. To clarify, the latest random access MsgA preamble transmission should also target the msgA preamble which the msgA PUSCH is corresponding to.  
Proposal 5: Total power ramp-up requested by higher layers for MsgA PUSCH Tx is from the first to the current random access MsgA preamble transmission (Prampuprequested).
For the power reduction priority rule in CA/DC, it is not necessary to let msgA PUSCH has same priority as the preamble, since in the simultaneous transmission in CA case if the msgA PUSCH power got reduction thus the its detection at gNB is degraded, it could just follow regular behaviour (to be defined, e.g., receiving the fallback RAR as discussed in RAN2) when gNB detects the preamble but PUSCH fails.
Proposal 6: msgA preamble and PUSCH follow the same power reduction priority rule defined for preamble and PUSCH transmission in Rel-15 in CA/DC, respectively.
Tx beam determination

For MsgA Tx beam selection, the option 1 makes the most sense for both UE and gNB perspective. From gNB point of view, assuming the UE using the same Tx beam for both preamble and PUSCH could faciliate the efficient decode of msg.A PUSCH. Otherwise, even the gNB detects one preamble, it still cannot be sure the suitable Rx beam for the PUSCH reciption and have to blindly try. The same reason from a UE point view, if UE knows which Tx beam is suitable (e.g., UE have beam correspondence), it should use it for both preamble and PUSCH; if UE did not know the suitable beam (e.g., UE have no beam correspondence), it should select one and no benefits to use different Tx beam for preamble and PUSCH. There is a note in the option 2 which says the Tx beam for both msg.1 and msg.3 are determined by UE, but that conclusion for Rel-15 is not intending for msg.1 and 3 to use different Tx beam but because at that time the beam refinement during RACH procedure is not finished. In current 2-step RACH discussion, such issue is no longer avaiable so that the option 1 should be adopted. 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.

Proposal 7: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Whether the payload of msgA PUSCH could be different in the re-transmission or not, it is highly related that whether gNB will do combining on the previous transmission and current transmission. If the answer is yes, of course asking UE to using the same payload for msgA PUSCH makes sense and has some benefits. However, for the contention based 2-step RACH procedure, gNB has no idea who is transmitting the msgA unless it successfully decodes the payload. Besides, UE might change to another RO/preamble thus another PUSCH occasion for the transmission, which is also unknown to the gNB. Thus, it’s not beneficial to always use the same payload for MsgA PUSCH. In addition, if UE have good DL measurements and use a relative high MCS and put more payload in the PUSCH, but after a few times trying, msgA PUSCH is not successfully detected/decoded by gNB, it should have the flexibility to lower the MCS and reduce the payload size to increase the robustness.     
Proposal 8: MsgA PUSCH payload can be different in a msgA re-transmission. 
Contents for Msg.A 
In 4step RACH, the UE could include the information like BSR, PHR etc. into the msg.3 if the size allowed in addition to a regular UE ID-type of information like CCCH message or C-RNTI MAC CE. Besides these information which already could be included in the msg. 3, there is an discussion on whether a UCI could be added in msgA as well.
Regarding other traditional UCI contents, e.g., ACK/NACK information and CSI feedback, these information should not be included in the msgA PUSCH for the following reasons. The contention based nature of 2-step RACH makes gNB unknown who is transmitting, i.e., gNB won’t know whether the detected msgA PUSCH including whether/which UCI thus it has to blindly try different hypothesizes. This will increase the complexity at gNB side drastically and increase the access delay, which is against the intention of 2step RACH. Thus the traditional UCI should not be supported. Considering PUSCH for 2step RACH is initial UL transmission without any assisted indication, gNB is not able to give too much flexibility on the MCS choice like a traditional 4bits MCS indication in the RAR for the msg.3 transmission. However, it’s not necessary to constraint the MCS choice for PUSCH in 2step RACH to be only one neither. A certain level of flexibility is good for UE to arrange the transmission in PUSCH, e.g., for the UE with the good link quality, it could use a relatively high MCS and put more information in the PUSCH. Thus, to ease the burden of blind detection of gNB, a UCI carrying the MCS indication could be considered in the msgA PUSCH. However, the impact on the UCI pattern design, the gNB decoding complexity etc should be carefully studied before making the decision.
Proposal 9: the traditional UCI should not be supported in the msgA PUSCH and whether to support a UCI carrying the MCS indication should be carefully studied.
Contents for Msg.B
After UE successfully transmits the msgA, it needs to monitor the feedback from gNB within a configured RAR window. Since now the gNB needs time to not only detect the preamble but also the decode PUSCH, the RAR window should start after the PUSCH transmission with a certain gap. 
Proposal 10: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
In general, the msgB is the feedback from gNB regarding the detected msgA, it could have two formats:
1. PDCCH with CRC scrambled by C-RNTI (if C-RNTI is included in the msgA PUSCH);
2. PDCCH with CRC scrambled by RA-RNTI and a scheduled PDSCH by the PDCCH 
Compares to the RAR in the 4step RACH, the msgB now needs to indicate additional information, e.g., a contention resolution ID, to indicate the result of contention resolution. Thus, similar to msg.4, such contention resolution could be done by detecting a PDCCH with CRC scrambled by C-RNTI if this is for a UE who includes the C-RNTI in the msgA; or the PDCCH could also schedule a PDSCH which contains the MAC subhead for RAPID and the RAR for including contention resolution ID.
Proposal 11: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 12: Contention resolution ID should be contained in the msgB.
Fallback procedure consideration
Subject to the contents in the msgB, a UE could identify several cases on whether the preamble and/or PUSCH is successfully detected/decoded by gNB or not. 
· if a UE fails to detect a PDCCH with CRC scrambled by RA-RNTI when C-RNTI is not included in msgA, UE considers the transmission of preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if a UE fails to detect a PDCCH with CRC scrambled by RA-RNTI, or C-RNTI when C-RNTI is included in msgA, UE considers the preamble and PUSCH transmission failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if a UE fails to detect a PDCCH with CRC scrambled by C-RNTI when C-RNTI is included in msgA, but UE detects a PDCCH with CRC scrambled by RA-RNTI and this PDCCH schedules a PDSCH, it will continue to detect/decode the PDSCH: 
· if the PDSCH includes no matched RAPID, UE considers the preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but a unmatched contention resolution ID, UE considers the preamble is detected but its PUSCH fails but some other UE is succeed, so UE will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but without a valid contention resolution ID (e.g., preconfigured value), the UE considers the preamble is detected but the PUSCH fails and no one selected this preamble in this RO is succeed, so UE will follow the UL grant in the corresponding RAR and fallback to 4step RACH to send msg. 3 in this attempt. If UE still fails in the msg. 4, UE will go for another 2step RACH attempt;
· if a UE detects a PDCCH with CRC scrambled by RA-RNTI when C-RNTI is not included in msgA, and this PDCCH schedules a PDSCH, it will continue to detect/decode the PDSCH:
· if the PDSCH includes no matched RAPID, UE considers the preamble and PUSCH failed in this 2step RACH attempt, and it will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but a unmatched contention resolution ID, UE considers the preamble is detected but the its PUSCH fails but some other UE is succeed, so UE will go for another 2step RACH attempt;
· if the PDSCH includes a matched RAPID but without a valid contention resolution ID (e.g., preconfigured value), the UE considers the preamble is detected but the PUSCH fails and no one selected this preamble in this RO is succeed, so UE will follow the UL grant in the corresponding RAR and fallback to 4step RACH to send msg. 3 in this attempt. If UE still fails in the msg. 4, UE will go for another 2step RACH attempt;
· If the UE fails the 2step RACH more than a configured MAX number, UE should fall back to 4step RACH procedure completely.
The reason to allow UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt is that since the preamble sent by UE is detected (even though sometimes it’s still within a contention between several UEs selecting the same preamble and RO), it’s worth trying to allow the follow-up msg. 3 transmission to solve the contention resolution. Otherwise, the UE needs to face the contention on both preamble and PUSCH for msgA again. 
Proposal 13: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 14: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
3 Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: a RSRP_threshold of SSB is provided to UE to select whether to initiate 2step RACH or 4step RACH.
Proposal 2: the granularity of the TA command in msgB is determined by the same table for the granularity of the TA command in 4step RACH RAR with the subcarrier spacing (kHz) value is based on the UL BWP SCS.
Proposal 3: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Proposal 4: The PREAMBLE_ Msg3 in NR Rel-15 relative to the preamble received target power should be supported.
Proposal 5: Total power ramp-up requested by higher layers for MsgA PUSCH Tx is from the first to the current random access MsgA preamble transmission (Prampuprequested).
Proposal 6: msg.A preamble and PUSCH follow the power reduction priority rule defined for preamble and PUSCH transmission in Rel-15 in CA/DC , respectively. 
Proposal 7: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
Proposal 8: MsgA PUSCH payload can be different in a msgA re-transmission. 
Proposal 9: the traditional UCI should not be supported in the msgA PUSCH and whether to support a UCI carrying the MCS indication should be carefully studied.
Proposal 10: UE should start monitoring msgB from gNB after a certain gap from the end of PUSCH transmission in msgA.
Proposal 11: Detecting a PDCCH with CRC scrambled by C-RNTI could be used for contention resolution in 2step RACH.
Proposal 12: Contention resolution ID could be contained in the msgB.
Proposal 13: Allowing UE to fall back to 4step RACH to transmit msg.3 in one 2step RACH attempt if the transmitted preamble is detected, PUSCH transmission fails and other UEs’ PUSCH also fails (i.e., no contention resolution ID).
Proposal 14: Fallback to 4step RACH procedure when 2step RACH failure exceeds a preconfigured value should be supported.
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