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Introduction
In RAN#82, a new work item on “2-step RACH for NR” was agreed. RACH resources allocation and fallback procedure need to be designed in RAN. In RAN1 #96 meeting, some related agreements had been reached. In this contribution, we attempt to discussion the RACH resources allocation and fallback procedure.
Discussion
2.1 RACH resources for 2-step and 4-step RACH
In RAN1 #96, RA occasions for 2-step RA and 4-step RA had been discussed. The following way forward had been achieved [1]. 
· For the relation of PRACH resources between 2-step and 4-step RACH, further study the following options (for possible down-selection or combination(s) of the 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
· Option 3: Shared RO and shared preambles for 2-step and 4-step RACH
With RACH resources (preamble and RO) separation, gNB can be informed the random access motivation. gNB clearly distinguish 2-step RA and 4-step RA after receiving the preamble. If the preamble and/or the occasion of that preamble is configured to 2-step RA, gNB monitors PUSCH related to that preamble. Otherwise, gNB responses Msg2 to UE.   That is to say, the independent PRACH resources allow gNB to identify whether this is for 2-step or 4-step RACH in the first step, which helps to avoid the gNB receiver uncertainty and reduce the access delay. 
One scenario is that Rel-15 and Rel-16 UEs has different capability of supporting 2-step RACH. The advantage for resource sharing is obvious that much resource for the RACH occasion could be saved if both 2-step RACH and 4-step RACH are supported at the same time. Also, as discussed in the fallback procedure, gNB could transmit the RAR based on the detection results of preamble and PUSCH.
From our perspective, both shared and separate RACH resource can be supported for 2-step RACH and 4-step RACH depending on gNB’s configuration.
Proposal 1:  Both shared and separate RACH resource for 2-step RACH and 4-step RACH are supported by configuration.
2.2 Fallback from 2-step to 4-step in one RA procedure
One of the main case for fall back from 2-step to 4-step in one single RA procedure is that, after UE transmits MsgA, gNB successfully decodes only the preamble part but fails to decode PUSCH part. After UE transmits Msg A, UE will monitor the RAR window.
· Case 1: gNB decodes Preamble successfully but the corresponding PUSCH not
· Case 2: gNB decodes Preamble and PUSCH successfully

Figure 1 Fallback from 2-step to 4-step RA
For case 1, If the gNB only decodes Preamble, but fail to decode PUSCH or no corresponding PUSCH is found, from gNB point of view, it is straightforward to consider this RA as 4-step RA. And the gNB replies this preamble with Msg 2 in RAR window, including RAPID, C-RNTI, except contention resolution. After UE receiving Msg 2 in RAR window, UE should fallback to 4-step RA and reply with Msg 3. 
For case 2: If gNB decodes both preamble and the corresponding PUSCH successfully, gNB will reply with Msg B containing contention resolution in RAR window. After UE receiving Msg B in RAR window, UE considers 2-step RA as successful.
So a general proposal is that after initiating 2-step RA, UE should reply with Msg 3 if only Msg 2 is received without contention resolution. And UE considers 2-step RA successful if corresponding Msg B containing contention resolution is received. 
Proposal 2: If only preamble is decoded successfully in Msg A, network can let UE fallback to 4-step RA and respond with Msg 3.
Then next question is how UE can distinguish Msg 2 and Msg B. The main difference is that contention resolution is only inside Msg B but not inside Msg 2. There seems mainly two solutions:
· Implicit indication: Blind detecting contention resolution
· Explicit indication: Fallback indication
The implicit solution is by UE blind detecting whether contention resolution is carried in RAR. The drawback is that UE should detect all the message in RAR blindly to make sure whether the specific contention resolution is transmitted or not, which are both time and power consuming. 
The explicit solution is that a fallback indication is transmitted together with RAPID in Msg 2 to indicate UE to fallback to 4-step RA. After receiving explicit fallback indication corresponding to the RAPID, UE can instantly fallback to 4-step RA without blind detecting anything. Therefore, we propose to support the explicit fallback indication in RAR 
Proposal 3: A fallback indication in RAR to indicate UE to fallback to 4-step RA and respond with MSG3.
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· Case 3: UE receive neither Msg B nor Msg2 before the RAR window expired
· Case 4: Msg B indicates contention resolution failure
For case 3, before the RAR window expired, UE receive neither Msg B nor Msg2. Such case may occur when gNB detects nothing or Msg B/Msg2 transmits fails. To UE, not more information is received from gNB during this RA procedure. The following RACH attempt is also based on the broadcast information. 
For case 4, Msg B brings contention resolution failure indicator. In 2-step RA WID, the RACH procedure is contention based random access. 2-step RA may fail even though gNB successfully decode preamble and PUSCH. gNB response the Msg B to inform UE 2-step RA failure.  Consequently, the Msg B indicating 2-step RA failure may include TA, UL grant, BI and other information to assist in the next random access attempt.
The latency of 2-step RA is less than 4-step RA. From latency of RACH procedure, it is better for UE to fallback to 2-step RA after first limited times of attempting 2-step RA. From reliability of random access perspective, 4-step RA wins. So, UE have to fallback to 4-step RA after times of 2-step RA failure. Considering the uncertain transmission timing, fallback timer is not a good idea.  For case 3 and case 4, RACH failure time is equal to the time of preamble transmission, similar to the parameter PREAMBLE_TRANSMISSION_COUNTER in 38.321. Counter for detecting fallback from 2-step to 4-step RA is needed.
Proposal 4: Msg B indicating contention resolution failure should include TA, BI, UL grant to assist in the next random access attempt.
Proposal 5: UE fallbacks to 2-step RA after first limited times of attempting 2-step RA. 
Proposal 6:  COUNTER for detecting fallback from 2-step to 4-step RA is needed.
Conclusion
In this contribution, we’d like to address the beam failure detection and recovery procedure. As we analysis in the paper, observations and proposals as follow:
Proposal 1:  Both shared and separate RACH resource for 2-step RACH and 4-step RACH are supported by configuration.
Proposal 2: If only preamble is decoded successfully in Msg A, network can let UE fallback to 4-step RA and respond with Msg 3.
Proposal 3: A fallback indication in RAR to indicate UE to fallback to 4-step RA and respond with MSG3.
Proposal 4: Msg B indicating contention resolution failure should include TA, BI, UL grant to assist in the next random access attempt.
Proposal 5: UE fallbacks to 2-step RA after first limited times of attempting 2-step RA. 
Proposal 6:  COUNTER for detecting fallback from 2-step to 4-step RA is needed.
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