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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
[bookmark: OLE_LINK99][bookmark: OLE_LINK98][bookmark: _GoBack]From [1], the 2-step RACH work item aims to specify 2-step RACH as general MAC procedure covering both physical layer and higher layer aspects. Only contention based RACH procedures are specified for 2-step RACH. All the work item objectives are applicable for both licensed and unlicensed spectrum.
[bookmark: OLE_LINK72][bookmark: OLE_LINK71]In this contribution, we discuss the related topics of 2-step RACH procedure. The main topics of 2-step RACH procedure consists of the procedure of msgA, msgB, power control, fall back mechanism (to 4-step RACH), and other related procedure issues.
2-step RACH process is illustrated in Figure 1. The channel structure of msgA is preamble and PUSCH carrying payload which includes at least the content of msg3 in the traditional 4-step RACH. MsgB content may include the equivalent contents of msg2 and msg4 of 4-step RACH. MsgB will handle the contention resolution for 2-step RACH.
Further elaborations are provided in the following sections.
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Figure 1: The general procedure and content of msgA and msgB in 2-step RACH
1. MsgA
1. MsgA content
MsgA comprises the preamble and PUSCH carrying payload. UE select one paired RACH occasion and payload occasion for the transmission of msgA.
The content of payload transmitted in step1 should be a MAC PDU, and the MAC PDU may include one or multiple elements of the following: 
· CCCH message
· DCCH message
· MAC CE (e.g. C-RNTI, BSR, PHR), etc.
In Rel-15, the size of CCCH message have two type of CCCH with different size (e.g. 48/64 bits, 56/72 bits with MAC header). 
The payload size determination can use the CCCH size as the starting point and wait for more input from RAN2, i.e. the exact content for msgA in various use cases will be determined by RAN2, while the feasibility of supporting larger payload sizes can be studied in RAN1 [2]

1. Selection of the RA type between 2-step and 4-step RACH 
In case both the 2-step RA configuration and 4-step RA configuration be broadcasted in SIB1, the RA type selection by UE is needed, at least, in initial access case.
At least the following options can be considered in RA type selection between 2-step RACH and 4-step RACH:
· Option1: The UE supporting 2-step RACH will always select 2-step RACH as long as the “ReceivedTargetPower” can be achieved. The ReceivedTargetPower are for the preamble and PUSCH carrying payload reception.
· Option2: RSRP threshold based selection. The UE should select 2-step RACH in case the measured RSRP exceeds one pre-configured threshold. Otherwise, 4-step RACH will be selected.
Proposal 1: Criterion for selection of RA type should be discussed and decided.
1. gNB distinguishing between 2 step and 4 step RACH
The gNB needs to distinguish the RA types whether UE initiates from 2-step CBRA or 4-step CBRA. Otherwise, gNB will always try to decode the payload in each payload occasion and the RAR window will be significantly impacted when the preamble is successfully detection, which is not reasonable in terms of latency and energy efficiency. 
There are some alternatives to indicate the RACH type from the preamble itself: 
· Alt1: Distinguish from the preamble time or frequency resource. System allocates different available T/F resources (ROs) for 2-step CBRA and 4-step CBRA individually which can help to distinguish the types of RACH. There will be two non-overlap sets of parameters of PRACH time/frequency configuration, one for 2-step RACH and the other for 4-step RACH.
· Alt2: Distinguish from the preamble code domain. One group of preamble indices is for 2-step CBRA and the other group of preamble indices is for 4-step CBRA. But the back-compatible issue for legacy UE should be considered when CDM is used.
Proposal 1: The mechanism for gNB distinguishing the types of RA should be specified.
1. Association between SSB and RACH occasion in msgA
The beam searching mechanism in the 2-step RACH stage should also be supported, then how to report the selected downlink beam (SSB index)?
The beam or SSB index information can be explicitly carried in the payload in msgA, but the problem is if the payload not successfully decoded, gNB can’t decide the right beam direction of the msg2 which handle the function of fall back to 4-step RACH.
So the implicitly indication through the association between SSB and RACH occasion in msgA should also be supported. As the association between SSB and RACH occasion will not directly affect the mapping between the preamble and PUSCH/DMRS, the legacy association rule between SSB and RACH occasion can be reused as usual.
1. Scrambling code of the PUSCH in msgA
The scrambling code of the PUSCH in msgA should be used to distinguish different UEs payload in decoding process and to randomize the interference.
It is nature to use to C-RNTI in UE RRC connected mode. But in idle mode, the traditional RACH occasion RA-RNTI is not enough as multiple UEs with different preambles may share the same RACH occasion and may cause the PUSCH decoding performance loss.
Any random value for scrambling code which UE doesn't know before the initialization of RACH would bring the unnecessary blind decoding complexity. So we only consider some known identity for scrambling code:
1) RO RA-RNTI
2) PUSCH RA-RNTI
3) Preamble index
4) Cell ID
At least PUSCH RA-RNTI or preamble index could be additionally used to calculate the RNTI for scrambling code of the PUSCH. For example, the preamble index can distinguish the UEs with different preambles but share the same RACH occasion. The detail could be further decided depending on the mapping rule between the RO/preamble and the PUSCH resource/DMRS.

1. MsgB
2. MsgB content
From the objectives in this WID, msgB’s content includes the equivalent contents of msg2 and msg4 of 4-step RACH. Then for the content of RAR in msgB, the following information can be considered:
· Contention resolution ID
· UL Grant: resources for the following UL transmission
· DL Grant: resources for the following DL transmission
· TA Command
· Back off indicator
· Other possible contents in the msg2 and msg4 of 4-step RACH.
MsgB will be sent only if the preamble in msgA has been detected. Depending on whether the payload in msgA is successfully decoded, the content of msgB may be different. 
· For the case both the msgA preamble and payload are successfully detected and decoded, the message of the second step is the msgB for 2-step RACH contention resolution. The RAPID in RAR is redundant as contention resolution ID e.g. C-RNTI disclosed in the payload can well fulfill contention resolution purpose. The UL grant is optional in this case and could be used to schedule the possible uplink data packets right after the RACH procedure if BSR is reported in msgA.
· For the case that the preamble is successfully detected but the payload is not successfully decoded, 
· Alt 1: Fall back to 4-step RACH. The message of second step is identical to msg2 and the content of message will be the traditional RAR which includes the RAPID as well as a TC-RNTI. The UL Grant in fallback mode is for msg3 scheduling as legacy 4-step RACH.
· Alt 2: Retransmit the payload in msgA. In this case, a NACK should be indicated in the content of the message in the second step, and in addition the content may include UL grant for retransmission, TA (timing advance) command, TC-RNTI, power control command and other HARQ information if necessary.
As the content of msgB may include the equivalent contents of msg2 and msg4, the size of msgB may be too large to be handled within the legacy RAR window if multiple UEs’ messages are included. One possible solution is to divide the content into two parts, e.g. the PDSCH for the second part can be indicated by the DL Grant included in the first part of msgB. 
First part of content of msgB
DL grant
Second part of content of msgB

Figure 2: Usage of DL grant in successful response of msgB
Anyway, the content of msgB and related procedure will be discussed and determined in RAN2 group, and we can define the detail of UL grant or DL assignment depending on RAN2 discussion, if they are needed within msgB.
2. MsgA response window
Once the preamble and payload are transmitted in msgA, the UE should monitor the PDCCH of msgB scrambled by RA-RNTI or C-RNTI or other possible type of UE ID within the msgA response window. 
If no corresponding response is received within the window, the UE should assume the msgA transmission attempt failed and initiate another msgA or msg1 transmission attempt, if allowed.
For the msgA response window, the length of msgA response window is configured in RRC signaling as usual. 
It is preferable to reuse the ra-ResponseWindow of Rel-15 NR which is beneficial for the alignment between the procedures of 2-step RACH and 4-step RACH. Less spec impact can be imagined, and additional signaling overhead can be avoided. 
While, there are two main issues for reusing the ra-ResponseWindow of Rel-15 NR: 1) The starting point of ra-ResponseWindow for 2-step CBRA may be different with 4-step RACH, simply because msgA contains both preamble part and data part, which will be TDMed transmitted in two consecutive slots or more slots with the gap between preamble and payload. 2) Whether the window size need to be extended is not clear since it may take more time for decoding the payload and preparing the equivalent content of msg2+msg4. To be sure, the extension of ra-ResponseWindow will significantly impact the RA-RNTI generation.
Proposal 2: 
The msgA ra-ResponceWindow can be separately defined from the msg1 ra-ResponseWindow.
· The msgA ra-ResponseWindow starting point can be considered.

2. Fall back from 2-step RACH to 4-step RACH
In the 2-step CBRA RACH procedure, preamble and payload are both transmitted in msgA. However, the receiver sensitivity for the preamble and payload are different. Hence, it is possible that gNB detects the preamble successfully but fails to detect the payload part although the gNB may configure the payload transmitting power offset to the preamble to compensate the different receiver sensitivity. In this situation, as illustrated in section 3.1, there are two possible alternatives for next step. 
· Fall back to 4-step RACH
· Retransmission of payload in msgA

Fall back to 4-step RACH: 
Fall back mode is easy for gNB and UE. When the gNB only detects the preamble and has no correct knowledge of the payload, the gNB can send the content identical with the legacy msg2 to UE at the second step. UE will take the same behavior on the reception of message at second step as the msg2 reception in 4-step RACH procedure. Once the msgB identical with msg2 is receive by UE, the UE should transmit the legacy msg3 according to the UL grant in RAR received. 
The fallback mechanism can avoid the retransmission of CBRA preamble, and keep the same latency of the 4-step RA procedure.
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Figure 3: fallback mechanism from 2-step RACH to 4-step RACH
Retransmission of payload
A possible way in case of the payload is not successfully decoded, the UE may retransmit the payload part from the payload PHY layer buffer based on the NACK indication in msgB. The re-transmission of payload can be treated as the HARQ of payload
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Figure 4: Example of payload re-transmission procedure

The payload retransmission introduce the HARQ process for payload, and introduce a new msgC except for the msg2 and msgB. There is no clear benefit in terms of latency performance but the RACH procedure becomes more complicated. 
Considering the case of payload not decoded is not a large probability event, the way of falling back to 4-step RACH is easy and preferable.
Further more, if the counter of 2-step RACH msgA failed transmission expires, UE can fall back to 4-step RACH.
Proposal 3: Fallback to 4-step RACH should be supported in case of preamble successfully detected but payload decoding failed.

2. Recognition of msgB or msg2
MsgB is used for the 2-step RACH, while msg2 is used for the traditional 4-step RACH. From UE perspective, UE should distinguish the message of response to msgA/msg1 whether is msgB or msg2. For legacy UEs which only support 4-step RACH, it may receive the msgB if the RA-RNTI is same with the RA-RNTI of the UE performing 2-step RACH, which may cause some abnormal behavior in initial access procedure. 
It seems not possible to distinguish between msg2 and msgB depending on the indication bit inserted in the content of msgB, since the legacy UE can not discern the indication bit in msgB due to lack of knowledge of the format of msgB. 
Alternatively, scrambling on PDCCH or different CORESET/search space can be considered to distinguish between msgB and msg2.
To distinguish the MAC PDU for 2-step CBRA and 4-step CBRA, the following alternatives can be considered:
· Alt1: Scramble with 2-step-RA-RNTI and set 2-step-RA-RNTI to different value range from the legacy RA-RNTI. Since the maximum value of RA-RNTI for 4-step CBRA RACH can be calculated as “1+14+14*80+14*80+8+ 14 × 80 × 8 × 2”, it is possible to have a different value range for the 2-step-RA-RNTI for 2-step CBRA RACH by using an offset (which is the max value for RA-RNTI for 4-step RACH as calculated above). It is nature to distinguish between msgB and msg2 when the msgA and msg1 use non-overlap time/frequency resources and generate different RA-RNTI.
· Alt2: Scramble PDCCH of msgB by UE ID carried in msgA. The scheme prohibits the possibility of the fallback to 4-step RACH in the case that preamble index is successfully detected payload in msgA is not decoded.
· Alt3: Scramble PDCCH of msgB by RAPID. If the preambles of 2-step RACH UE and 4-step RACH UE collide, it is impossible to distinguish between the msgB and msg2.
· Alt4: Separate CORESET and/or Search space for 2-step RACH and 4-step RACH. The scheme is more complicated and will bring ambiguity if the two kinds of CORESET/Search space collide.
Based on the above analysis, Alt1 is more preferable for distinguishing the msgB and msg2.
Furthermore, if the length of MsgA ra-ResponceWindow is newly defined and the length exceeds the msg1 ra-ResponceWindow, in consequence, the RA-RNTI for msgB should also be newly designed.
Proposal 4: MsgB PDCCH can be scrambled by 2-step-RA-RNTI with different value range from the legacy RA-RNTI.

2. Contention resolution for 2-step RACH
If the msgA which may include CCCH message is successfully decoded by gNB, the “UE contention resolution ID” MAC CE should be included in msgB for the purpose of contention resolution. The “UE contention resolution ID” is the first n bits copied from the CCCH message carried in msgA.
Captured from RAN2 agreements, contention resolution is done by including a UE identifier in the first message which is echoed in the second message.
	UE state
	UE identifier

	RRC_connected
	C-RNTI

	RRC_inactive
	ResumeID in RRCResumeRequest

	RRC_idle
	S-TMSI in RRC Setup Request
RandomValue for Attach/TAU and Area update for RAN paging



When the 2-step RACH is finished, UE may send acknowledgement feedback when contention resolution succeeds as LTE/NR does.
If multiple UEs send msgA in the same T/F resource and the preamble indices collide with each other. The responses to the multiple UEs should be included in the msgB by multiplexing the different contents.
1) If all the multiple UEs’ payload are successfully decoded by gNB, the contention resolutions of each UE should be multiplexed in the msgB. 
2) If one UE’s payload is successfully decoded but the other UEs are not, only the successfully decoded UE will get the multiplexed contention resolutions in the msgB. gNB doesn’t know which UEs are not decoded so there is no feedback to the failed UEs. In this case those failed UEs will reattempt the RACH process when the ra-ResponceWindow expires. 
3) If none of the UEs’ payload is successfully decoded but the preamble is detected, the RACH procedure can fall back to 4-step RACH, the msg2 will grant UEs to send the msg3.
4) If neither the payload nor the preamble is successfully received, the UEs will retransmit the msgA or send the new msg1 when the ra-ResponceWindow expires.
Proposal 5: Contention resolution ID MAC CE should be included in msgB for contention resolution purposes.
1. Power control of 2-step RACH
3. Power control of msgA
Power control of the PUSCH carrying the payload in msgA should be considered. 
In traditional 4-step RACH, the power control command mechanism of msg3 is used. The power control command is configured in RAR UL grant. See the table 8.2-1 in 38.213
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	Msg3 PUSCH frequency resource allocation
	14

	Msg3 PUSCH time resource allocation
	4

	MCS
	4

	TPC command for Msg3 PUSCH
	3

	CSI request
	1



As the payload is transmitted in msgA in first step, there is no UE/group specific power control command can be used in first step. Since the power control command can’t be used in 2-step RACH, the new mechanism of payload power control should be considered.
As the receiver sensitivity of preamble and PUSCH for payload is different, to guarantee the payload successful decoding probability, the open loop power offset between the preamble and the PUSCH should be configured in system information. 

For the power control of retransmission of whole msgA, the legacy power ramping or beam reselection procedure can be reused.
Proposal 6: The power offset between the preamble and the PUSCH should be configured in system information
3. Power control command in msgB
The power control command is optional in msgB as usually there may be no subsequent uplink transmission after the contention resolution. If the power control command in msgB is needed, power control command configuration for msg2 can be reused while the detailed values may be different.
1. Others
Frequency hopping of payload
In generally, frequency hopping would bring performance gain of PUSCH decoding. As msgA payload is one-shot transmission if the payload retransmission is not applied, intra-payload frequency hopping of PUSCH is feasible in this case.
For unlicensed operation
As more meetings are needed to reach substantial agreements on the PRACH designs to be specified in Rel-16 NR-U, 2-step RACH procedure will be discussed first in NR licensed operation. The design of 2-step RACH would keep some flexibility for forward compatibility to accommodate NR-U design.
1. Conclusions
The following proposals have been made:
Proposal 1: The mechanism for gNB distinguishing the types of RA should be specified.
Proposal 2: The msgA ra-ResponceWindow can be separately defined from the msg1 ra-ResponseWindow.
-The msgA ra-ResponseWindow starting point can be considered.
Proposal 3: Fallback to 4-step RACH should be supported in case of preamble successfully detected but payload decoding failed.
Proposal 4: MsgB PDCCH can be scrambled by 2-step-RA-RNTI with different value range from the legacy RA-RNTI.
Proposal 5: Contention resolution ID MAC CE should be included in msgB for contention resolution purposes.
Proposal 6: The power offset between the preamble and the PUSCH should be configured in system information
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