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Introduction
In RAN1 #86bis meeting [1], the following agreements on simplified RACH procedure were made:
Agreements in RAN1#86bis:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs
· RAN1 has discussed the following: 
· The use of a UE identity in Msg 1
· Msg 2: RA response that is addressed to the UE identity in Msg 1
· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure 
· RAN1 to send LS to RAN2
· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios
This contribution will discuss the potential use cases of simplified RACH procedure, and analyze its pros and cons based on a general framework and a channel structure example. 
Discussion
In LTE, both 4-step contention based RACH procedure and 2-step non-contention based RACH procedure are supported. When an UE in idle state needs to transmit data, it needs to turn to the connected state through the 4-step RACH procedure, while after that, 2-step non-contention based RACH procedure can be used, triggered by the event of e.g. handover, DL/UL data arrivals and synchronization recovery due to radio link failure etc. The RACH procedure is initiated by a PDCCH order or by MAC itself in terms of various trigerring events. 
In NR, there was a discussion on the simplified RACH procedure but the targeting use cases are not clear yet. In genenral, as shown in Fig. 1, it has two steps.

Fig.1 the general frame of a simplified 2-step RACH procedure
On top of 4-step RACH baseline and 2-step contention based RACH to be supported, the possible use cases of simplified RACH would be the followings, which need further justifications:  
1. For URLLC scenario, the access latency is expected to be reduced by having quicker UL synchronization and contention resolution. However, it seems URLLC UE should mostly stay in RRC connected state and maintain UL synchronization to ensure the latency after initial access. Necessity of an additional RACH procedure is not clear. 
2. For mMTC scenario, the overhead of RACH procedure is expected to be reduced by less-bulky procedure, e.g., the small data transmission piggybacked on the simplified RACH procedure without open-loop UL synchronization and UL scheduling grant. However, how much overhead can be saved by using this 2-step PRACH needs further investigations.
It can be noted that different to LTE 2-step non-contention based RACH, the proposed simplified 2-step RACH procedure may have the nature of contention, so it is not clear that the above potential benefits can be practically achieved.
Observation 1: the targeting use cases of simplified RACH procedure in NR need further study.
The simplified RACH procedure is basically to combine LTE RACH msg 1 and msg 3 and modify the RAR behavior accordingly:
Step 1 (Msg 1): UE transmits selected preamble + payload where UE ID is included, then three cases may happen:
· Case 1: both preamble detection and payload decoding are successful
· Case 2: preamble detection is successful but payload decoding fails
· Case 3: Neither preamble or payload is successful 
Observation 2: preamble may need to serve for not only blind detection of UE activity and but also demodulation RS of payload decoding.
Step 2 (Msg 2): RA response from gNB corresponding to the above three cases:
· For Case 1: ACK + detected UE ID
· For Case 2: NACK + detected preamble
· For Case 3: No response
By detecting the possible RAR, UE may retrieve different messages:
1. Detecting “ACK + matched UE ID” means successfully accessed;
2. Detecting “ACK + UN-matched UE ID” means RA fails (due to collision) which needs to start a new RACH;
3. Detecting “NACK” means preamble is detected but the payload decoding fails which may initiate retransmission of payload (similar to legacy Msg 3 retransmission)
4. No detection of RAR means RA fail (due to preamble detection failure) which needs to start a new RACH.
Observation 3: quicker contention resolution may be done with 2-steps, based on UE ID detection included in Msg 1, but it is subject to the successful probability of both preamble and payload.
With inclusion of payload (UE ID etc.) in Msg1, the channel structure of the Msg 1 will be much different to LTE one. Following figure gives an example of a basic Msg 1 channel structure. Note that the preamble and the payload may not be necessarilynext to each other. Several aspects of designing the structure need to be considered: 
1. Preamble sequence: could have similar design principles as in LTE;
2. CP length of preamble and payload: subject to round trip time and delay spread;
· CP length of preamble and payload should be equal to guarantee the coverage of preamble and payload. The CP overhead of payload should be counted in evaluation.
3. Resources reservation for payload transmission and association with preamble signatures

Fig. 2  Basic channel structure of Msg 1.
In addition, the contents of payload in Msg 1 and also the RA response are highly related to the triggering events of the simplified 2-step RACH, which may causes variable payload size. The following table gives some example of the trigging events and their corresponding contents for payload and RA response.
Table 1 - Examples of the trigging events and corresponding contents for payload and RAR in 2-Step RACH procedure.
	Trigging Events
	Contents for Payload
	Contents for RAR

	UL initial connection (e.g. for URLLC)
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]RRC connection request, UE ID (e.g., S-TMSI), BSR (optional)
	Preamble ID or Detected UE ID (i.e., contention resolution), confirmation(i.e., ACK/NACK), Timing Advance, UL grant

	UL data arrival
	BSR(optional), UE ID (e.g., C-RNTI), PHR(optional), small data packet (optional),
	UL grant, Detected UE ID+ ACK/NACK, Timing advance

	DL data arrival
	DL CSI (Optional), UE ID (e.g., C-RNTI),
	Detected UE ID, Timing Advance

	Data piggybacked on RACH (e.g for mMTC service)
	Small data packet, UE ID (e.g. S-TMSI, or C-RNTI)
	Detected UE ID, ACK/NACK, successive UL grant + timing advance (optional)



Observation 4: a new channel structure is needed for Msg 1 transmission with inclusion of payload and contents in payload of Msg 1 and in RAR may vary in terms of possible triggering events, which may require significant standardization efforts.
Different to scheduled resource for msg 3 in LTE, the resources for payload transmission in msg 1 should be reserved, and the mapping between preamble signatures and payload resources should be predefined. The design of resource reservation and its association with preamble signatures should consider the resource utilization efficiency and simplifying the msg 1 blind detection at gNB. The mapping relationship between preamble and payload resources could be one2one, one2many and many2one. Given the fact that NR will have higher UE density than in LTE, the methods of one2one and one2many will require having large amount of reserved physical resources and the many2one method will experience the high collision probability of payload as the users selecting different preambles may also end up using same payload resources. 
In case of using preamble as demodulation RS for payload, it is straight forward to make bandwidth for preamble and bandwidth of payload multiplexing same. In this case, as shown in Fig. 3, non-orthogonal multiple access with multi-user detection seems more suitable from the efficient resource utilization perspective. However, great effort of specification support is required. 
[bookmark: _GoBack]
Fig. 3 Multiplexing of payload resources with NoMA
Observation 5: the resource mapping between preamble signatures and payload resources should be predefined. And from efficient resource utilization perspective, multiplexing of payload resource in same time-frequency resource is desirable, e.g., NoMA with MUD. Otherwise, large amount of physical resources need to be reserved.
In sum, some potential benefits from supporting simplified RACH procedure can be seen in some limited use cases however, those potential benefits needs to be carefully evaluated with more insights into targeting use cases/triggering events and detailed msg 1 channel designs, and it should be further evaluated whether the benefits can outweigh the pains (e.g. efforts of specification support). 
Proposal 1: simplified RACH procedure should be evaluated, taking into account of universality of targeting use cases, performance improvement over LTE 4-step RACH and 2-step non-contention RACH in the targeting use cases, and affordable specification impact.
Conclusion
This contribution discussed the simplified 2-step RACH. Based on the observations, the following is proposed:
Proposal 1: simplified RACH procedure should be evaluated, taking into account of universality of targeting use cases, performance improvement over LTE 4-step RACH and 2-step non-contention RACH in the targeting use cases, and affordable specification impact.
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