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Introduction
In the last RAN2 #106 meeting, RAN2 has the following agreements regarding the msgB window.
· From RAN2 perspective, no further offset is needed for the start of msgB monitoring window (i.e. no offset is needed to cover the RRC processing delay and/or F1 delay).
· The UE will monitor for response message using the single msgB agreed window
In this paper, we would like to discuss the RAR window for msgB reception and RNTI design for msgB.
Discussion
In 2-step RACH, msgA payload contains CCCH SDU and possibly other MAC CE and user’s UL data, which should consist of the equivalent information of msg1 and msg3 of 4-step RACH. The ra-ContentionResolutionTimer is used to monitor whether UE can receive the contention resolution in msg4 after UE sending msg3 in 4-step RACH. Usually the value of ra-ContentionResolutionTimer is larger than the RAR window (i.e. ra-ResponseWindow). This is because network need more time for the RRC message processing and propagation delay after receiving msg3. Therefore, when network receives the msgA in 2-step RACH, like processing msg3 in 4-step RACH, network needs extra time to process msgA PUSCH payload which may contain the CCCH SDU information. Meanwhile, 2-step RACH UE should also expect a longer RAR window to avoid missing the late msgB RAR.
[bookmark: _Hlk7450728]Observation 1: Network needs extra time to process PUSCH payload receiving from msgA in 2-step RACH.
On the other hand, in the last RAN2 #105bis meeting, NR-U has already agreed to extend the maximum RAR window to [20] ms in 4-step RACH in [1]. 
Observation 2: NR-U conclusion was to extend the maximum RAR window for 4-step RACH.
Considering that the requirement for extra time to process msgA payload and 2-step RACH design should be also applicable for NR-U scenario, the extension of RAR window should be also supported for 2-step RACH.
Proposal 1: The RA response window can be extended for 2-step RACH.
If longer RAR window is agreed to be used and RA-RNTI is still based on the current formula, there can be ambiguity in UE’s RA-RNTI. If multiple UEs use RACH occasions in different radio frames but have the same symbol, slot, and frequency index, their RA-RNTIs would be the same due to current RA-RNTI calculation only unique within a duration of one radio frame. This ambiguity results in collision between these two RACH requests and hence reduces network’s RACH capacity.
Observation 3: Longer RAR window may cause ambiguity in UE’s RA-RNTI if the current RAR calculation formula is reused for 2-step RACH UE.
In the case of shared RO for 2-step RACH and 4-step RACH UE, the legacy 4-step RACH UE may receive and further decode the msgB which should response to the 2-step RACH UE if the current RA-RNTI formula is still used for msgB reception. It will cause ambiguous issue if the legacy UE decodes the msgB RAR content and misunderstands the network’s response especially for the RAR corresponding to the successfully received msgA. Therefore, the legacy UE should be precluded from receiving the msgB of 2-step RACH.
Observation 4: If current RA-RNTI calculation formula is used for 2-step RACH UE, the legacy 4-step RACH UE may decode the msgB of 2-step RACH which causes ambiguous issue.
One method to resolve above issue may be to use separate CORESET/search space to distinguish msg2 and msgB. But the possible problem is that it is inefficient to reserve the PDCCH resource for dedicated allocation for different RACH type users. In addition, this method does not address the potential issue of longer RAR window. 
Taking the above analysis into account, the simpler and more efficient method is to propose a new RA-RNTI formula for msgB reception. 
Proposal 2: A new RA-RNTI formula is needed for msgB reception to differentiate it from the RA-RNTI for msg2 reception.
The current RA-RNTI formula in MAC spec [2] is expressed as
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211, f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
The new RA-RNTI formula can be simply extended by adding a new parameter, for example, radio frame index (rf_id), which can be expressed as the actual radio frame index modulo the number of radio frames that RAR window spans and plus 1. Specifically, for a 2-step RACH user, the definition of rf_id for a RACH occasion is rf_id = mod (radio frame index, N) + 1, where N is the number of radio frame that RAR window spans. The new RA-RNTI is computed as 
new RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × rf_id,
where 0 ≤ rf_id ≤ N, and the definition of other parameters are not changed. 
If the new RA-RNTI formula is for 4-step RACH user, rf_id is 0, then the new RA-RNTI formula is the same as current Rel-15 RA-RNTI formula. If the new RA-RNTI is for 2-step RACH user, rf_id is mod (radio frame index, N) + 1 and rf_id is from 1 to N. It should be noted that the value of N depends on the agreed RA response window length. 
If we calculate the RA-RNTI based on the new formula with the maximum value for each parameter, the 16-bit RA-RNTI space is enough. 
Proposal 3: RAN 2 adopts the new RA-RNTI formula which includes the radio frame index. The range of radio frame index is 1 to N for 2-step RACH user.

Conclusion
We make the following observations related to the RAR window issue and RNTI design for msgB.
[bookmark: _Hlk16510064]Observation 1: Network needs extra time to process PUSCH payload receiving from msgA in 2-step RACH.
Observation 2: NR-U conclusion was to extend the maximum RAR window for 4-step RACH.
Observation 3: Longer RAR window may cause ambiguity in UE’s RA-RNTI if the current RAR calculation formula is reused for 2-step RACH UE.
Observation 4: If current RA-RNTI calculation formula is used for 2-step RACH UE, the legacy 4-step RACH UE may decode the msgB of 2-step RACH which causes ambiguous issue.
We’d recommend RAN2 to discuss and adopt the following proposals:
[bookmark: _Hlk16510074]Proposal 1: The RA response window can be extended for 2-step RACH.
Proposal 2: A new RA-RNTI formula is needed for msgB reception to differentiate it from the RA-RNTI for msg2 reception.
[bookmark: _Hlk16608147]Proposal 3: RAN 2 adopts the new RA-RNTI formula which includes the radio frame index. The range of radio frame index is 1 to N for 2-step RACH user.
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