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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.
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HARQ ACK feedback
According to the RAN2 agreements, the following scenarios for MsgB are possible
· Case 1: MsgB only includes the successRAR of one or more UEs.
· Case 2: MsgB includes the successRAR of one or more UEs along with fallbackRAR and/or backoff indication.
· Case 3: MsgB includes the fallbackRAR and/or backoff indication.
Similar to 4step RACH, when UE can confirm the contention resolution is successful, the UE needs to provide the positive feedback to gNB, i.e., for 2step RACH case, which is when UE detects a matched contention resolution ID in the successRAR. Only ACK(positive acknowledgement) is needed for 2step RACH in Rel-16.
In the release 15 4-step RACH procedure, a UE transmits HARQ ACK feedback for Msg4 on a PUCCH resource from the PUCCH resource set provided by pucch-ResourceCommon signaled in the RMSI through an index to a row of Table 9.2.1-1 in TS 38.213 in an initial UL BWP. The UE determines a PUCCH resource within the PUCCH resource set based on the PUCCH resource indicator (PRI) field in the DCI scheduling Msg4, and the starting CCE index of the corresponding PDCCH. When MsgB contains the successRAR of multiple UEs, each UE should have its own PUCCH resource to allow the gNB to uniquely distinguish the HARQ-ACK feedback of each UE.
In email discussion, in general there will three directions to indicate a unique PUCCH resource for each UE with a successRAR in MsgB
· Direction 1: Explicit PUCCH resource signaling in the DCI based on:
· DCI start CCE, or reuse 1bit-“DAI” indication
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Other UEs: UE PRI and/or PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Alt1: PRI and PDSCH-to-HARQ_feedback timing indicator are unique to each UE
· Alt2: PRI is unique to each UE and PDSCH-to-HARQ_feedback timing indicator is common to all UEs.
· Alt3: PDSCH-to-HARQ_feedback timing indicator is unique to each UE and PRI is common to all UEs.
· Direction 2: Explicit PUCCH resource signaling in the MsgB PDSCH based on:
· DCI start CCE or reuse 1bit-“DAI” indication
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH scheduling MsgB
· Other UEs: UE PRI and/or PDSCH-to-HARQ_feedback timing indicator in PDSCH of MsgB
· Alt1: PRI and PDSCH-to-HARQ_feedback timing indicator are unique to each UE
· Alt2: PRI is unique to each UE and PDSCH-to-HARQ_feedback timing indicator is common to all UEs.
· Alt3: PDSCH-to-HARQ_feedback timing indicator is unique to each UE and PRI is common to all UEs.
· Direction 3: Implicit PUCCH resource signaling based on:
· DCI start CCE or reuse 1bit-“DAI” indication
· First UE: PRI and PDSCH-to-HARQ_feedback timing indicator in PDCCH
· Other UEs implicit derivation based on position order of UE within MAC PDU.
From our point of view, by reusing 1bit-‘DAI’ indication”, it can combine with 3-bits PRI indication to have full flexibility indication of PUCCH resource. While using “DCI start CCE” as part of the PUCCH resource indication could suffer from the PDCCH blocking issue due to limitation of the possible PDCCH positions in a given search space. This issue will become much severer since it is possible that 2step RACH msgB will may share the CORESET/search space for PDCCH(s) of 4step RACH msg.2 or msg.4, or even RMSI. Thus, re-using one bit in the DCI format (together with the 3bit PRI) could enjoy the full flexibility of PUCCH resource indication and will not have impact (especially limits) for PDCCH position. Thus, we prefer to reuse 1bit-‘DAI’ indication instead of DCI start CCE.
Observation 1: reuse 1bit-‘DAI’ indication instead of DCI start CCE is beneficial. 
For direction 2 and 3, indeed direction 3 could save overhead, but since the successRAR will not include the UL grant, thus it is also possible to include the PUCCH resource indication in the successRAR which could enjoy the full flexibility for each UE, e.g., 4-bit indication. And direction 3 needs to define an implicit derivation rule while direction 2 needs MAC sPDU content change (addition).
Observation 2: Full flexibility for PUCCH resource configuration for msgB can be obtained by having 4-bit indication in msgB.
Proposal 1: both direction 2 and 3 can be considered for further down-selection.
TA related issueAgreements:
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

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.
Since TA for msgA PUSCH could also be zero, there will be a similar issue as happened in rel-15 NR, which is the handling of simultaneous transmission of UL signals, especially PRACH and other UL signals. During that time, such issue was also caused due to TA difference between PRACH (zero TA) and other UL signals (configured TA). So we think a similar rules can applied to msgA PUSCH and other UL signals: it’s up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS) if they are in the same slot or the gap between them are smaller than N symbols.
Proposal 3: it’s up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS) if they are in the same slot or the gap between them are smaller than N symbols, FFS N value.
Power control aspects
 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.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.

Proposal 4: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
Agreements from RAN1#96bis:
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


Agreements from RAN1#97
· 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
 

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 ramping behaviour for the msgA preamble and PUSCH, since there will be an offset between the preamble Tx power and PUSCH power to level up the target receive power, thus there is no need to introduce different power ramping behaviour (i.e., neither power ramping counter nor power ramping step size).one may argue that UE may have preamble detected but PUSCH failure in the previous transmission so that the power configuration for preamble and PUSCH might be separately. However, preamble get detected in the previous attempt cannot ensure the preamble in msgA re-transmission will be got detected again, e.g., the UE may face the contention this time while no contention in last time. In a general purpose of power ramping-up, which is not targeting for the power in-sufficient case, but to create power priority proportion to how many times UE has failed before. Thus, alt.1 should be supported.
Proposal 6: Single same power ramp up for MsgA PUSCH and MsgA PRACH should be supported.
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 7: 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 determinationAgreements:
· 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.

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. 
Proposal 8: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
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.
Counter handling during fallback procedure
Since RAN2 has agreed that after N times of 2step RACH attempts, UE will fall back to 4step RACH procedure. But one remaining issue is that, whether the preamble transmission counter and preamble power ramping counter should be re-set or continuing. 
In current rel-16, the trigger event for 2step RACH and 4step RACH are the same, which means, it’s only the channel condition difference will derive UE to initiate 2step RACH or 4step RACH. Thus, once the RACH procedure is initiated, we can regard that such the limitation on the preamble transmission max number if to constraint the overall PRACH attempt. For this purpose, it is more reasonable to keep the preamble transmission counter value when UE fall back to 4step RACH after a N-time unsuccessful 2step RACH attempts. The power ramping counter should have similar behavior due the same reason.
Proposal 10: the preamble transmission counter and power ramping counter should continue counting when UE fallback to 4step RACH procedure.
3 Conclusion
The proposals made in this contribution are summarized below:
Observation 1: reuse 1bit-‘DAI’ indication instead of DCI start CCE is beneficial. 
[bookmark: _GoBack]Observation 2: Full flexibility for PUCCH resource configuration for msgB can be obtained by having 4-bit indication in msgB.
Proposal 1: both direction 2 and 3 can be considered for further down-selection.
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: it’s up to UE implementation to transmit msgA PUSCH or other UL signal (PUCCH/PUSCH/SRS) if they are in the same slot or the gap between them are smaller than N symbols, FFS N value.
Proposal 4: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.
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: Single same power ramp up for MsgA PUSCH and MsgA PRACH should be supported.
Proposal 7: 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 8: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
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: the preamble transmission counter and power ramping counter should continue counting when UE fallback to 4step RACH procedure.
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