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While there has been discussion of 2-step RACH or similar enhancements within multiple work and study items within RAN, including Rel-15 NR, NR-U, URLLC, and NoMA, the work item 2-step RACH for NR itself does not clearly identify the use cases or scenarios, thereby leaving this for further discussion. In RAN1#96 and #96bis, some evaluation scenarios and parameters were identified focusing scheme evaluation on small cell scenarios, which helps clarify the use cases somewhat, although these are largely still left open. 
In this paper, we consider use cases and scenarios suitable for 2-step RACH, making observations on the scenarios that can be inferred from the WID, potential benefits from 2-step RACH to the network, and proposing areas to focus evaluations in. 
Use cases for 2-step RACH
In our understanding, 2-step RACH is motivated by two main use cases: efficient channel access in unlicensed spectrum (i.e. for NR-U), and transmission of small data packets.
For NR-U, both the UE and gNB may need to go through a listen-before-talk (LBT) procedure for each RACH step, and so halving the number of LBT operations via a 2-step RACH can significantly decrease the delay in connecting to the network. We note that NR-U operation targets small cell operation (the study used an UMi scenario with 23 dBm transmit power, 0 dBi gain antennas to investigate outdoor system level performance).
For small packet data transmission, it is well known from prior studies that significant amounts of traffic can have a small packet size. For example, the eDDA study [2] included traffic models of heavier background smartphone traffic where packets sizes were on the order of a median of 100 bytes, but bursty. The overhead from RRC connection setup or RRC resume for such small packets is significant, and so shorter RACH procedures can be appealing.
Another possibility is to support bursty small packet data in RRC_CONNECTED. In such scenarios, uplink overhead can be reduced by not configuring the UE with SR and/or setting the timing advance timer short enough such that the UE releases uplink resources. The use of 2-step RACH may be better than Type 1 or Type 2 configured grants. Configured grants must trade off latency for efficiency by allocating a sufficiently large grant to handle the expected packet sizes from the UE while meeting latency requirements: a large grant can ensure low latency but is less efficient. Type 2 configured grants can improve performance, but require higher PDCCH overhead and knowledge of how much data the UE has in its buffer is needed, which is difficult for bursty small packets.
While a shorter RACH procedure can be beneficial to support small packet transmission, it is not as clear that high levels of effort to optimize msgA capacity are needed. The WID [1] focuses on contention based operation and user plane data is supported as in Rel-15 in RRC_CONNECTED state. The UE requires RACH transmission in RRC_CONNECTED operation when it does not have an uplink (e.g. after its timing alignment timer expires), and so channel state information needed for good msgA link adaption is not likely to be available. However, uplink CSI can be obtained from the msgA transmission, and then used in subsequent uplink grants. Therefore, it seems most beneficial from a capacity viewpoint to quickly complete the RACH procedure and to get good uplink CSI and therefore capacity for PUSCH transmissions following msgA, rather than capacity for msgA itself.
On the other hand, the SINR in a cell can be quite high over a large part of a cell, but rather lower at the cell edge. For example, IMT 2020 requirements [3] for rural eMBB are 3.3 bps/Hz mean user throughput, but 0.12 bps/Hz for 5%-ile user throughput. Therefore, limiting the msgA payload to only the 5% coverage would preclude UEs in the majority of the cell from being able to transmit substantially larger payload sizes.
Observations:
· NR-U is a strong use case for 2-step RACH, due to its benefits for reduced listen-before-talk operations.
· The capacity benefit for 2-step RACH used with small data applications is not likely to come from optimizing the capacity of msgA PUSCH 
· Capacity of PUSCH that can be scheduled after msgB can be substantially better than msgA due to better link adaptation, scheduling flexibility, etc.
· On the other hand, 2-step RACH seems well suited to efficiently carry bursty small packets in RRC_CONNECTED UEs with low latency.
· Also, SNR is likely to be quite high over a substantial part of e.g. a small cell, so some flexibility to support different msgA sizes has potential.
Proposals:
· 2-step RACH designs and evaluations focus on robustness rather than performance with high capacity 
· Study the benefit of variable msgA payload size

Regarding the scenarios for 2-step RACH, it seems clear that the WID targets small cell operation, based on the following text:
· 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.
We observe that Rel-15 PRACH and PUSCH (including its DMRS) are to be used without any signal structure optimizations for cells with large round trip time. If 2-step RACH is used in cells with large RTT, and the msgA PUSCHs collide with other PUSCHs (either carrying msgA or not) with timing differences greater than a CP collide, the loss of orthogonality will clearly degrade performance. Therefore, studies of performance for 2-step RACH collision seem only needed for small cell scenarios where Rel-15 signal structures support them. On the other hand, small packet transmission can occur in any size cell, and so 2-step RACH operation should not be limited to only small cell scenarios. The gNB can mitigate collisions of msgA PUSCH by managing the amount of 2-step RACH resources and UEs, by using UE uplink transmissions including SRS to maintain time alignment, etc.
Observations:
· The 2-step RACH work item objectives target performance in small cell scenarios
· NR-U is a primary use case for 2-step RACH and targets small cells
· gNB implementation can compensate for performance degradations of 2-step RACH msgA PUSCH in large cell scenarios
Proposals:
· 2-step RACH designs and evaluations target small cell scenarios, but do not preclude operation in cells with RTT>CP
· Parameters for evaluations such as maximum coupling loss / minimum SNR, UE speed, etc. should be set accordingly 
· Performance enhancements for RTT>CP are left to gNB implementation
Conclusion
We have considered use cases and scenarios suitable for 2-step RACH, including the scenarios that can be inferred from the WID, potential benefits from 2-step RACH to the network, and areas to focus evaluations in. We drew the following observations, leading to the proposals below.
Observations:
· NR-U is a strong use case for 2-step RACH, due to its benefits for reduced listen-before-talk operations.
· The capacity benefit for 2-step RACH used with small data applications is not likely to come from optimizing the capacity of msgA PUSCH 
· Capacity of PUSCH that can be scheduled after msgB can be substantially better than msgA due to better link adaptation, scheduling flexibility, etc.
· On the other hand 2-step RACH seems well suited to efficiently carry bursty small packets in RRC_CONNECTED UEs with low latency
· Also, SNR is likely to be quite high over a substantial part of e.g. a small cell, so some flexibility to support different msgA sizes has potential.
· The 2-step RACH work item objectives target performance in small cell scenarios
· NR-U is a primary use case for 2-step RACH and targets small cells
· gNB implementation can compensate for performance degradations of 2-step RACH msgA PUSCH in large cell scenarios

 Proposals:
· 2-step RACH designs and evaluations focus on robustness rather than performance with high capacity
· Study the benefit of variable msgA payload size
· 2-step RACH designs and evaluations target small cell scenarios, but do not preclude operation in cells with RTT>CP
· Parameters for evaluations such as maximum coupling loss / minimum SNR, UE speed, etc. should be set accordingly 
· Performance enhancements for RTT>CP are left to gNB implementation
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