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Introduction
In RAN2 #106 meeting, RAN2 had 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 RAN2 #107 meeting, it was agreed that HARQ feedback for msgB is needed from RAN2 point of view and RAN2 sent a LS to RAN1 to ask RAN1 the mechanisms of HARQ feedback for msgB in case that multiple UEs are multiplexed.
Agreements
=>	HARQ feedback for msgB would be needed from RAN2 point of view
In RAN2 #107bis meeting, it was further agreed that RAN2 should study a new RA-RNTI design for msgB, and no UE-specific RNTI will be designed for 2-step RACH in case CCCH SDU was included in msgA.
Agreements
1. No UE specific RNTI will be designed for 2-step RACH in case CCCH SDU was included in MsgA.
2. RAN2 will work on specifying a new RA-RNTI design for msgB.

The remaining issue is to design a new RA-RNTI formula for msgB reception for the case of CCCH SDU included in msgA. In this paper, we would like to discuss RAR window for msgB reception and new RA-RNTI formula 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 RAN2 #107bis meeting, NR-U has already agreed to extend the maximum RAR window to 40ms in 4-step RACH in [1]. Considering that the requirement for extra time to process msgA payload and 2-step RACH procedure should be also applicable for NR-U scenario, the extension of RAR window should be also supported for 2-step RACH. 
Then the next question is what the appropriate value for the RAR window for the 2-step RACH is. In Rel-15, the maximum value of ra-ResponseWindow is 10ms for 4-step RACH. The reason for network to require more time to transmit the access response in unlicensed spectrum is because of potential LBT failure. This is different from 2-step RACH in licensed spectrum. The intention for introducing the 2-step RACH concept is for the shorter latency for channel access. The larger RAR window may potentially cause larger latency for UE to receive the random access response for 2-step RACH. In that sense, it is not reasonable to also extend the RAR window of 2-step RACH in licensed spectrum to the same value (i.e. 40ms) of that in 4-step RACH of unlicensed spectrum. Given the above analysis, we propose the RA response window should be extended up to 20ms for 2-step RACH.
Observation 2: The larger RAR window may potentially cause large latency for UE to receive the random access response for 2-step RACH.
Proposal 1: The RA response window should be extended up to 20ms for 2-step RACH.
If longer RAR window is agreed to be used and RA-RNTI is still based on the existing 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. Therefore, the new RA-RNTI formula should resolve the ambiguous issues caused by longer RAR window.
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. Noted that it also has been agreed that legacy 4-step RACH UEs are not required to decode the msgB of 2-step RACH. Therefore, the new RA-RNTI formula should also consider resolving the issues that the legacy 4-step RACH UE may decode the msgB of 2-step RACH which causes ambiguous issue.
Observation 4: The new RA-RNTI formula should consider resolving the issues that the legacy 4-step RACH UE may decode the msgB of 2-step RACH which causes ambiguous issue.
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.
[bookmark: _GoBack]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 considering one new parameter, radio frame index, for the RACH occasion where preamble is transmitted by this UE. The radio frame index (rf_id) 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. According to our first proposal that the RAR window should be extend up to 20ms for 2-step RACH, the maximum number of radio frame the RAR window spans, N, should be 2. 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, rf_id always sets to 0, and the new RA-RNTI formula is the same as the existing Rel-15 RA-RNTI formula. If the new RA-RNTI formula is for 2-step RACH user, rf_id is defined as mod (radio frame index, 2) + 1 and rf_id is 1 or 2 considering the maximum 20ms RAR window.
If we calculate the new RA-RNTI formula with the maximum value for each parameter, the current16-bit RNTI space is enough. Therefore, we propose RAN2 to adopt the new RA-RNTI formula which includes the radio frame index.
Proposal 3: RAN2 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.
Alternative for new RA-RNTI formula is to introduce an RA type offset for the RA-RNTI formula if the proposal 3 is not agreed. The added RA type offset ensures the new RA-RNTI derived by the 2-step RACH is different from the 4-step RACH users. The simplest RA type offset can be 14 × 80 × 8 × 2 = 17920, which is the max value calculated from original RA-RNTI formula for 4-step RACH.
Since this new RA-RNTI formula (i.e. with an RA type offset) is only unique within each radio frame, the same value can be derived for the RACH occasion with the same symbol, slot and frequency index but in the subsequent system frames. NR-U has discussed and agreed to include the LSB of SFN in the DCI to avoid extending the RA-RNTI space in the similar cases [1]. But this solution still waits for the RAN1 to check the feasibility issues on the new DCI format design or reserved fields of existing DCI format. This solution also increases the UE processing complexity, since UE should perform CRC check for PDCCH decoding which is scrambled by the new RNTI, and further decode DCI to check if SFN index matches its RO.
Proposal 4: If proposal 3 is not agreed, introduce an RA type offset (i.e. 17920) in msgB-RNTI formula for 2-step RACH for distinguishing msg2 and msgB reception.
Conclusion
We make the following observations related to the RAR window for msgB reception and new RA-RNTI formula for msgB.
Observation 1: Network needs extra time to process PUSCH payload receiving from msgA in 2-step RACH.
Observation 2: The larger RAR window may potentially cause large latency for UE to receive the random access response for 2-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: The new RA-RNTI formula should consider resolving the issues that 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:
Proposal 1: The RA response window should be extended up to 20ms 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.
Proposal 3: RAN2 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.
Proposal 4: If proposal 3 is not agreed, introduce an RA type offset (i.e. 17920) in msgB-RNTI formula for 2-step RACH for distinguishing msg2 and msgB reception.
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