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In RAN meeting #82, a new WID on 2-step RACH for NR was approved [1]. This contribution will discuss the deployment scenarios and design target for 2-step RACH. 
Discussion
Deployment scenarios
During accessing state before entering RRC_CONNECTED, 2-step RACH may reduce the access latency and signaling overhead due to the reduced handshaking steps, though it may cause some new problems due to potential asynchronous transmission which demands extra complexity in the receiver implementation to deal with. Its potential benefit over 4-step RACH may depend on (may not limited to) the payload size, numerology, RACH configuration, latency requirement, UE capability, and gNB capability, etc. in addition to cell size. 
One typical use case of 2-step RACH could be the fast state transition, i.e., from RRC_IDLE or RRLC_INACTIVE to RRC_CONNECTED, where the payload size is 56 or 72 bits including the MAC header. Another potential use case can be the fast access in unlicensed spectrum, where the number of LBT and the associated delay can be reduced during the RACH procedure.
Observation 1: Typical use cases for 2-step RACH mostly conveys small payload, e.g. 56 or 72 bits. 
Regarding the dimensioning for 2-step RACH, collision probability may also need to be considered. As shown in [3], the collision probability should be low enough to guarantee the BLER performance would not have error floor. Assume the UE activity pattern follows a Poisson process, each PRACH occasion (RO) has 64 contention-based preambles all for 2-step RACH transmission, and the traffic density  is defined as UEs/RO, then the collision probability can be approximated as  if the traffic load is not very high. It can be simply verified that when the collision probability is requested to be less than 1%, the traffic load should be no larger than 0.643 UEs/RO. This means in the realistic deployment scenarios, the number of UEs simultaneously transmitting on the same RO should be small. More analysis can be found in [2].
Observation 2: The number of UEs performing contention-based 2-step RACH on the same RO needs to be small to avoid large collision probability and error floor in BLER performance.
Design Target
Though it is not yet clear in which situations that the application of 2-step RACH would have advantage over 4-step RACH from a system point of view, it is possible that a gNB supports both types of RACH procedures. Then, since 4-step RACH is the baseline scheme that has been supported by all NR UEs and used in all conditions defined for RACH, its functionality and performance should not be negatively affected when introducing the new 2-step RACH functionality.
Observation 3: The introduction of 2-step RACH should not have negative impact on the functionality and performance of the conventional 4-step RACH. 
For MsgA transmission, the performance metrics should include misdetection and false-alarm probability of UE detection, the accuracy of TA estimation, and BLER of PUSCH transmission. For these metrics, it is desirable that the MsgA transmission in 2-step RACH should be similar to that of Msg1 and Msg3 in 4-step RACH. Meanwhile, due to the one-shot transmission of PRACH and PUSCH together, the BLER performance of the PUSCH decoding should be jointly evaluated with realistic UE detection, TA estimation, and channel estimation.
Proposal 1: In the case that 2-step RACH is applied, the misdetection rate, the false-alarm rate, as well as the BLER performance of the MsgA transmission should be similar as that of Msg1 and Msg3 in 4-step RACH for the same case.
Proposal 2: The BLER performance of the PUSCH transmission should be evaluated with realistic UE detection, TA estimation, and channel estimation, under given false alarm rate constraint.
Signaling overhead reduction of 2-step RACH compared to 4-step RACH is another potential benefit that motivates the study. However as some of the configurations of RACH and PUSCH including the related parameters for mapping each other at least will be given through system information message, which is anyway periodically broadcasted to all UEs regardless the number of 2-step RACH UEs, limited number of configurations should be aimed. 
Proposal 3: 2-step RACH configurations should take signaling overhead into account to maximize the potential benefits over 4-step RACH.
For 2-step RACH, the PUSCH of MsgA may be transmitted with no valid timing advance (TA) information. In addition to the analysis in section 2.1, when the cell size is large enough, the timing offset between UEs can be larger than the CP which will cause extra inter-UE interference and thus bring performance loss to the PUSCH transmission compared with that with valid TA information. On the other hand, the UEs applying 2-step RACH may also cause interference to or suffer from other UEs with normal PUSCH transmission. Thus, the inter-UE interference caused by 2-step RACH transmission should be carefully studied. Moreover, in order to deal with the asynchronous transmission especially when the timing offset is larger than the cyclic prefix length, at least multiple FFT windows and time domain interference cancellation need to be implemented at the receiver side, where extra complexity is required.
Proposal 4: Further study the impact of timing offsets on PUSCH transmission in terms of inter-UE interference and receiver complexity.
[bookmark: _Ref129681832]Conclusions
In this contribution, we discussed the deployment scenarios and design targets for 2-step RACH. According to the above discussion, we have the following observations and proposals.
Observation 1: Typical use cases for 2-step RACH mostly conveys small payload, e.g. 56 or 72 bits. 
Observation 2: The number of UEs performing contention-based 2-step RACH on the same RO needs to be small to avoid large collision probability and error floor in BLER performance.
Observation 3: The introduction of 2-step RACH should not have negative impact on the functionality and performance of the conventional 4-step RACH. 
Proposal 1: In the case that 2-step RACH is applied, the misdetection rate, the false-alarm rate, as well as the BLER performance of the MsgA transmission should be similar as that of Msg1 and Msg3 in 4-step RACH for the same case.
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Proposal 3: 2-step RACH configurations should take signaling overhead into account to maximize the potential benefits over 4-step RACH.
Proposal 4: Further study the impact of timing offsets on PUSCH transmission in terms of inter-UE interference and receiver complexity.
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