
[bookmark: OLE_LINK2]3GPP TSG RAN WG1 #96	                                                                                     R1-1901671
Athens, Greece, 25th February – 1st March, 2019 

Source:	vivo
Title:	Views on 2-step RACH design
[bookmark: Source]Agenda Item:	7.2.1.3
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN #82 meeting, a new WID regarding “2-step RACH for NR” was approved. The objectives of WID is as followed. In this contribution, we discuss the channel design for 2-step RACH and potential fallback procedure for 2-step RACH. 
	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




2. [bookmark: OLE_LINK6]Discussion
2.1. Mapping between PRACH and PUSCH of msgA  
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In 4-step RACH, a PRACH transmission is associated with a certain SSB, where the association between SSB and PRACH occasion is configured by broadcast signaling. Once UE receives RAR from gNB, it is scheduled to transmit msg3 according to the beam correspondence of the SSB associated with the PRACH transmission. Besides, the scheduling information is indicated in RAR, e.g. time and frequency resources allocation. 
Different from legacy 4-step RACH, there is no scheduling information for the PUSCH of msgA before PUSCH transmission. Therefore, the time and frequency resources for PUSCH of msgA should be pre-configured, e.g. by broadcast signaling. Similarly, the time and frequency resource for a PUSCH can be named as “PUSCH occasion”.
For the PUSCH transmission of msgA, the beam correspondence needs to be addressed, in order for gNB to avoid beam sweeping to receive the PUSCH of msgA. For FR2, it is necessary to associate the PUSCH of msgA and the received SSB. For FR1, although wide beam is used, association between PUSCH occasion and SSB can also be beneficial for gNB since it can reduce the power consumption for beam sweeping. One possible way is that a PUSCH occasion is associated with a given SSB. The association between SSB and PUSCH occasion is configured by SIB/MIB. 
Proposal 1: The time and frequency resource of PUSCH for msgA (PUSCH occasion) is associated with SSB
· The association between SSB and PUSCH occasion is configured by SIB/MIB

For 2-step RACH, DMRS is transmitted together for channel estimation for PUSCH reception of msgA. The DMRS parameters, e.g. DMRS port and DMRS scrambling ID, need to be obtained first before PUSCH transmission. One possible method is that DMRS parameter(s) are configured by SIB/MIB. The drawback is that UEs in the cell will share the same DMRS parameter(s) and there is limited flexibility. An alternative way is that DMRS parameter(s) is associated with SSB, PRACH occasion and/or preamble index. For example, for a given SSB, one or multiple DMRS parameters are associated with the SSB, on one of the corresponding PRACH occasion(s) associated with the SSB. There can be one-to-many mapping between DMRS port and SSB and there can be many-to-many mapping between DMRS scrambling ID and SSB.
Proposal 2: The DMRS parameters for msgA PUSCH transmission is associated with SSB, PRACH occasion and/or preamble index.

For 2-step RACH, UE needs to obtain the scrambling ID for PUSCH transmission of msgA. Similar to DMRS parameters of PUSCH for msgA, one alternative is that the scrambling ID of PUSCH is configured by SIB/MIB, e.g. as cell ID. The drawback is that UEs in the cell will share the same PUSCH scrambling ID and there is limited flexibility. Another alternative is that the scrambling ID for PUSCH is associated with SSB, PRACH occasion and/or preamble index. For example, for a given SSB, one or multiple scrambling IDs of PUSCH are associated with the SSB, on one of the corresponding PRACH occasion(s) associated with the SSB. There can be one-to-one or one-to-many mapping between PUSCH scrambling ID and SSB.
Proposal 3: The PUSCH scrambling ID for msgA PUSCH transmission is associated with SSB, PRACH occasion and/or preamble index.

2.2. Potential fallback for 2-step RACH
For a UE in 2-step RACH procedure, UE may not receive msgB corresponding to the transmitted contention resolution ID in msgA from gNB after UE transmitted the msgA. From gNB’s perspective, gNB may respond to the RACH transmission depending on the detection of msg. 
Case 1: gNB fails to detect PRACH
Case 2: gNB detects the PRACH of msgA but fails to decode the PUSCH of msgA
For case 1, gNB will not respond any signal for UE. If UE does not receive response from gNB, UE needs to perform RACH transmission again. 
For case 2, gNB may respond RAR by msgB or msg2 corresponding to the detected PRACH while no contention resolution ID will be included in RAR. If UE receives RAR that does not match the contention resolution ID in msgA, UE will consider RACH procedure is not completed. 


[bookmark: _Ref1120084]Figure 1. Example of fallback procedure from 2-step RACH to 4-step RACH transmission



[bookmark: _Ref1166465]Figure 2. Example of fallback procedure with restarting 2-step RACH transmission

During the RACH procedure, after UE transmitted a PRACH, the UE may not receive RAR corresponding to the PRACH. The possible reasons are that the UE does not detect the DCI format with CRC scrambled by the corresponding RA-RNTI or the UE does not correctly receive a corresponding RAR within a window with the length configured by ra-ResponseWindow. In 4-step RACH, if UE does not receive RAR that matches the transmitted preamble within the window, UE may transmit PRACH again after a random backoff time. 
In 4-step RACH, if UE receives RAR that matches the preamble transmitted in the PRACH, UE would transmit msg3 PUSCH carrying a contention resolution ID according to the RAR grant. After that, UE may not detect a DCI format 1_0 with CRC scrambled by the corresponding TC-RNTI scheduling a PDSCH that includes the UE contention resolution ID. In such case, UE would consider the RACH procedure is not successfully completed and transmit PRACH again after a random backoff time.
In case of 2-step RACH, a UE transmits msgA including PRACH carrying a preamble and PUSCH carrying a contention resolution ID. If gNB detects the PRACH but does not correctly decode the PUSCH of msgA, gNB may response a RAR without the contention resolution ID. In this case, either a RAR of msgB for 2-step RACH or a RAR of msg2 for legacy 4-step RACH can be transmitted by gNB. After that, the UE would attempt to detect a DCI with CRC scrambled by the corresponding RA-RNTI scheduling a PDSCH carrying RAR.
If UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, UE may consider the 2-step RACH procedure is not completed. UE may transmit msgA including PRACH and PUSCH again. The mechanism of backoff for PRACH transmission if RACH procedure is not completed in 4-step RACH can be adopted for the case of 2-step RACH. An alternative way is that UE performs fallback procedure to 4-step RACH and transmits msg3 PUSCH according to the RAR grant, if a UL grant is included in the RAR. An example is shown in Figure 1.
[bookmark: OLE_LINK1]If UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window, UE may consider the PRACH is not detected by gNB. Therefore, UE may continue 2-step RACH procedure and transmit msgA including PRACH and PUSCH again after a backoff time, or fallback to 4-step RACH procedure and transmit msg1 including PRACH after a backoff time. An example is shown in Figure 2.

Observation 1: For a UE performing 2-step RACH procedure, following cases may occur after a msgA transmission.
· UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, 
· UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window

[bookmark: OLE_LINK22]Proposal 4: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission


3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on mapping relationship for 2-step RACH and potential fallback procedure for 2-step RACH. The observations and proposals are summarized below.

Observation 1: For a UE performing 2-step RACH procedure, following cases may occur after a msgA transmission.
· UE detects a DCI with CRC scrambled by the corresponding RA-RNTI and receive the RAR that does not contain the contention resolution ID transmitted in msgA, 
· UE does not detect the DCI with RA-RNTI or does not correctly decode the corresponding RAR within a window

Proposal 1: The time and frequency resource of PUSCH for msgA (PUSCH occasion) is associated with SSB
· The association between SSB and PUSCH occasion is configured by SIB/MIB
Proposal 2: The DMRS parameters for msgA PUSCH transmission is associated with SSB, PRACH occasion and/or preamble index.
Proposal 3: The PUSCH scrambling ID for msgA PUSCH transmission is associated with SSB, PRACH occasion and/or preamble index.
Proposal 4: For 2-step RACH, consider following procedures if RACH procedure is not completed
· Alt. 1: UE restarts 2-step RACH with msgA transmission
· Alt. 2: UE switches to 4-step RACH with msg1 or msg3 transmission
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