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1 Introduction

To work on identified scopes in the WI of Rel-16 2-step RACH for NR [1], the procedure related issues are concluded with by agreements in last meeting:
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

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 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 ([image: image2.png]


Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission ([image: image4.png]


Prampuprequested).
· Note: Latest means most recent transmitted.

· Power reduction priority rule in CA/DC
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.

In this contribution, we give our further views on the content of MsgA and MsgB. And, the relate procedure, parameters and fallback operations are also discussed.

2 Information in MsgA and MsgB 

The 2-step RACH procedure can be considered based on the mechanism of 4-step RACH procedure for Rel-15 NR. As it is defined in the scope, content equivalent to Msg3 should be included in MsgA and content equivalent to Msg2&4 should be included in MsgB.

We also agreed the options can differentiate MsgA preamble and Msg1 preamble to alleviate gNB detection complexity when processing of both. 

2.1 Information by MsgA

As one possible configuration, MsgA can be started with a preamble and followed by a PUSCH as discussed in our companion contribution on the channel design of 2-step RACH [2]. Msg3 in 4-step mode includes RRC connection request and contention resolution information. The similar information should be indicated in PUSCH of MsgA. In the contention resolution information, TC-RNTI, UE Contention Resolution Identity or C-RNTI would be transmitted depending on the UE RRC connection states. That part of information should be fully supported in MsgA.

Since there is not scheduling information prior to MsgA, it should apply pre-configured MCS(s) and resources for transmission.  

It was commonly proposed to support of 56 and 72 bits payload for MsgA PUSCH. In RAN2, 56 and 72 bits are already agreed as basis. Thus, the reference MCSs and PUSCH resource sizes should be based on of 56 and 72 bits. Regarding the extra data payload in PUSCH part, it can be further determined with its extra resources, payload granularity and the maximum payload

Proposal1: MsgA should apply pre-configured MCS(s) and time-frequency resources for PUSCH transmission. The pre-configured MCSs and resources should be based on reference payload sizes.
2.2 Information by MsgB

The MsgB will incorporate information in Msg2 and Msg4. In Rel-15, Msg2 MAC PDU has several types of subheaders. All of them should be considered. For RAR associated with certain subheader, some change may be needed with consideration of fast operation.
The RAR UL grant in MAC is defined as in Table 1 for Rel-15 4-step RACH. For 2-step RACH, the field could be consider to kept for the compatibility of 4-step. However, it is also possible to remove the UL grant totally.  This could be one option for further decision.

In case we kept the UL grant as another option, the grant fields should be re-examined to build up MsgB. 
Table 1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	PUSCH frequency resource allocation
	14

	PUSCH time resource allocation
	4

	MCS
	4

	TPC command for PUSCH
	3

	CSI request
	1


Considering triggering an instant CSI report to facilitate further data scheduling in contention-free random access, CSI request would be needed in earlier stage. The CSI report can be carried by the following PUSCH after MsgB. The following PUSCH can be scheduled by reusing the RAR grant field.
Regarding other MAC layer information, the timing advance (TA) bits should be kept. Even it is not useful for MsgA PUSCH, the following UL transmissions will need that. Together with other information, they can also be discussed or confirmed by RAN2 to form complete RAR part in MsgB. RAN2 can also decide on whether the fields of the RAPID, TC-RNTI and C-RNTI will be reused as in 4-step RACH.
Proposal2: 
Considering the 2 options regarding the supported UL grant in MsgB

Option1: There is not UL grant in MsgB content, following PUSCH is depend on the further UL grant by DCI.

Option2: UL grant for further PUSCH scheduling is included in MsgB. CSI request will be transmitted in the grant at least for contention-free random access procedure. 
Timing advanced command is supported in MsgB.

3 2-step to 4-step RACH Fallback operation

In general, if a 2-step RACH procedure failed in certain stage, a fallback to 4-step can be considered. Fallback definition is also assigned in the WI. Detail of when and how to fall back should be carefully designed.

3.1 Fall back determination

A. Fallback determination based on gNB detection

It is possible to use preamble to acquire the timing advance value, channel and scrambling ID for PUSCH. Thus, PUSCH with smaller CP can be decoded in larger cell size.

Since the msgA includes 2 signal/channel parts, their BLERs are independent. In procedure, gNB needs to detect sequences and right timing to proceed with PUSCH decoding. However, the follow-up PUSCH decoding may fail, even when the preamble is correctly decoded with right timing advanced value. 

As also illustrated in Figure1, another case could be failed preamble detection but correct PUSCH decoding. However, blind detect timing advance for PUSCH would be highly unlikely. If the PUSCH scrambling ID is also determined by preamble ID, the decoding probability of PUSCH will be even negligible.

Thus, we only consider the case that MsgA is only partially detected with preamble.
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Figure1. The fallback procedure and from 2-step RACH to 4-step RACH
B. Fallback based on maximum MsgA transmission

In case when any part of MsgA cannot be decoded, UE will not be able to detect any of the response. Thus, another fallback could be considered. A maximum Msg A transmission time can be configured to UE. If that transmission time is exceeded, the UE switch to a 4-step RACH procedure.

Respectively, we discussed the procedures in the following.

3.2 Fallback procedure

A. Fallback procedure based on gNB detection

It could be too time-consuming if the UE have to retransmit another MsgA when partial detection happens. So, a fallback operation can be applied as illustrated in Figure2, which will reuse the steps in 4-step RACH procedure.
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Figure2. The fallback procedure and from 2-step RACH to 4-step RACH

In UE side, there are 2 options for UE to determine if it will finish the 2-step RACH procedure or switch to the fall back procedure.

Option1: UE distinguishes the fallback RAR and MsgB by their different time/frequency resources. In that case, 2 detection of RA-RNTI scrambled PDCCH will be performed after MsgA.

Option2: UE can differentiate the MsgB and Fallback msg2 response by MAC signalling. 

For Option2, the detection would be quite simple by reading the certain bits in the structure. Thus, this solution is preferred for simplicity. However, further details of MAC structure will be discussed in RAN2.
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Figure3. MAC RAR payload
As an example, the option 2 can be realized by using the reserving bit ‘R’ in the MAC RAR payload. 
B. Fallback procedure based on maximum MsgA transmission

The mechanism is related to the RACH configuration for the UE. With current agreement, UE can be configured with different 2-step RACH resources/preambles and 4-step RACH resources/preambles. Now, both can be independently operated, and then UE can decide to initiate the fallback RACH procedure by sending a preamble in POs/preambles for 4-step RACH. 

A maximum transmission time of MsgA can be configured by network to set a limit. If that maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH. The maximum transmission value can also be fixed in the spec.
Proposal3: 
Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response in a response window.

UE can differentiate the MsgB response and Fallback msg2 response by MAC structure. 
2-step RACH introduce a maximum transmission time. If the maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH.

4 MsgB or fallback response window

It was discussed during the last meeting about the MsgB window definition. It is unclear how to define the response windows as there is not conclusion if the window if only for MsgB. Several options are left as following for further consideration.

For the MsgA response window, further study the following options (for possible down-selection or combination(s) of the options)

· Option 1: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgA response after the end of MsgA PUSCH.

· Option 2: Window starts after an offset after the end of MsgA PUSCH

· Option 2a: Offset is configurable

· FFS: Impact of LBT

· Option 2b: Offset fixed in the specification.

· Option 3: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgA response after an offset after the end of MsgA PUSCH

· Option 3a: Offset is configurable

· Option 3b: Offset is fixed in the specification.

· Option 4: Window starts in the first symbol of the earliest CORESET the UE is configured to receive PDCCH of MsgA response after the end of MsgA PRACH.

FFS: MsgA response, e.g. MsgB, Msg2

Considering the structure of MsgA is still under discussion, the relative position of response should be based on the end of MsgA instead of MsgA PUSCH. As long as UE can receive a response, the window can be started. Regarding the definition of MsgA response, a unified MsgB/Msg2 window is preferred. However, it may also be viable to define response window for MsgB as first step.
Proposal4: For UE in 2-step RACH procedure, a unified MsgB/Msg2 window started from the first symbol of the earliest monitoring occasion after the MsgA is introduced to response an MsgA. 
5 Selection between 2-step and 4-step

One of the questions further raised is in the case when UE may not be able to freely choose 2-step or 4-step random access resource. It would be due to the limited capacity of 2-step random access resource. In that case, UE should be able to select resource based on predefined criteria. One candidate solution would be using RSRP by UE measurement. In case the RSRP is lower than a threshold, the UE should select 4-step random access resource/preamble. In low SNR, the estimated MCS of PUSCH will be less accurate. In another perspective, it would be less efficient or even slower than 2-step random access in low SNR.
The threshold can be gNB configured and based on the gNB statistic. For different RRC modes, the measurement can be selected from SS-RSRP or CSI-RSRP.

Proposal5: In case of limited capacity of 2-step random access resource, UE with RSRP higher than a threshold can select 2-step RACH resource/preamble.
6 Power Control

Power control for preamble should also be supported in 2-step RACH. Following the fallback discussion in above, the power of preamble in MsgA can be ramped in retransmission if the previous attempt of MsgA is with no response from gNB. 

Another issue for 2-step RACH is power control type. As discussed in above the RAR power control bits may not be used for MsgA. Then, MsgA have to use an open loop power control scheme. As a result, MsgA need to reserve more resources for PUSCH compared with Msg3 transmission with the same payload. In that sense, the PUSCH in MsgA should have more compact payload than that for PUSCH in Msg3.

As been discussed in fallback scheme, the fallback Msg3 can use the same mechanism of legacy power control schemes. Depending on the selection of fallback scheme other power control scheme can be considered if needed.

Proposal6: UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB. Open loop power control is supported for PUSCH in MsgA.

Regarding the detailed power control mechanism, the power control should be configured with power ratios and corresponding parameters. In 4-step RACH, a P nominal is derived for the PUSCH. 
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 can be reused for 2-step RACH to achieve more flexible operation and is compatible to the 4-step RACH procedure. The PUSCH for 2-step RACH may need higher detection probability than PUSCH in normal 4-step PRACH, additional power boost scheme should be supported. This can also compensate the problem of missing close-loop power control. The new delta factor can be indicated in RMSI and the PC values in RAR UL grant can be used. In the same time, 
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is also assumed to be used for both.
Proposal7: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA PUSCH.

7 Conclusion

In this contribution, we discussed 2-step random access procedure for NR. The message content, power control and fallback operation are discussed in more systematically manner. We consider those factors should be combined into a complete solution with good compatibility to 4-step procedure. As summary, we made the following proposals.
Proposal1: MsgA should apply pre-configured MCS(s) and time-frequency resources for PUSCH transmission. The pre-configured MCSs and resources should be based on reference payload sizes.
Proposal2: 

Considering the 2 options regarding the supported UL grant in MsgB

Option1: There is not UL grant in MsgB content, following PUSCH is depend on the further UL grant by DCI.

Option2: UL grant for further PUSCH scheduling is included in MsgB. CSI request will be transmitted in the grant at least for contention-free random access procedure. 
Timing advanced command is supported in MsgB.

Proposal3: 
Fallback scheme based on the MsgA reception should be supported. UE determine the fallback switching based on the gNB response in a response window.

UE can differentiate the MsgB response and Fallback msg2 response by MAC structure. 
2-step RACH introduce a maximum transmission time. If the maximum transmission time is exceeded for MsgA, UE can switch to 4-step RACH from 2-step RACH.

Proposal4: For UE in 2-step RACH procedure, a unified MsgB/Msg2 window started from the first symbol of the earliest monitoring occasion after the MsgA is introduced to response an MsgA. 
Proposal5: In case of limited capacity of 2-step random access resource, UE with RSRP higher than a threshold can select 2-step RACH resource/preamble.
Proposal6: UE ramps the power of preamble in MsgA if the previous attempt of MsgA is with no response from gNB. Open loop power control is supported for PUSCH in MsgA.

Proposal7: Delta_preamble_Msg3 is applicable for both 2-step RACH and 4-step RACH. Additional Delta_PUSCH is introduced for MsgA PUSCH.
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