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1 Introduction
In RAN2 #106 it was agreed [1] that network response to msgA can include SuccessRAR, FallbackRAR and Backoff Indication. SuccessRAR includes contention resolution identity, C-RNTI and TA command. RRC message can also be optionally included in case of success. FallbackRAR includes RAPID, TC-RNTI, TA command and UL grant.
In order to receive network response, UE monitors PDCCH addressed to certain RNTI(s) in certain search space in response window. In this contribution we discuss the details of these RNTI(s).

2 Discussion
Network response can be transmitted/received by gNB/UE in one of the following ways: 

Approach 1: 
SuccessRAR/FallbackRAR/Backoff Indication is transmitted/received by gNB/UE using a new MsgB MAC PDU format. In this approach PDCCH monitoring is as follows:
· For MsgA including C-RNTI: 

· UE monitors for PDCCH addressed to MsgB-RNTI for FallbackRAR and backoff indication.

· UE monitors for PDCCH addressed to C-RNTI for contention resolution

· For MsgA including CCCH: 

· UE monitors for PDCCH addressed to MsgB-RNTI for SuccessRAR, FallbackRAR and backoff indication.
·  Whether MsgB-RNTI can be derived in same manner as RA-RNTI for 4 step RACH or not is discussed further.

Approach 2: 
SuccessRAR is transmitted/received by gNB/UE using a new MsgB MAC PDU format. FallbackRAR/Backoff indication is transmitted/received by gNB/UE using Legacy RAR MAC PDU format. In this approach PDCCH monitoring is as follows:
· For MsgA including C-RNTI: 

· UE monitors for PDCCH addressed to RA-RNTI for FallbackRAR and backoff indication.

· UE monitors for PDCCH addressed to C-RNTI for contention resolution

· For MsgA including CCCH: 

· UE monitors for PDCCH addressed to MsgB-RNTI for SuccessRAR.

· UE monitors for PDCCH addressed to RA-RNTI for FallbackRAR and backoff indication.
· Whether MsgB-RNTI and RA-RNTI in this approach can be derived in same manner as RA-RNTI for 4 step RACH or not is discussed further.

2.1 RA-RNTI derivation in approach 2
RA-RNTI is used for receiving FallbackRAR and backoff indication. 

Case 1: ROs are shared between 2 step RACH and 4 step RACH:

· If RA-RNTI is derived in same manner for 2 step RACH and 4 step RACH, UEs transmitting Msg1 and MsgA in same RO will monitor PDCCH addressed to same RA-RNTI. UE transmitting Msg1 and MsgA will receive same TB/MAC PDU. However this not an issue . RAN1 has agreed [2] that in case ROs are shared between 2 step and 4 step RACH, separate preambles are configured for 2 step and 4 step RACH. So UEs transmitting Msg1 and MsgA will monitor response corresponding to different RAPIDs.
Observation 1: In approach 2, if ROs are shared but separate preambles are configured for 2 step and 4 step RACH, RA-RNTI for receiving fallbackRAR/backoff indication can be derived in same manner as defined for 4 step RACH.
Case 2: ROs are not shared between 2 step RACH and 4 step RACH:

· Case 2-1: ROs are not shared but frequency division multiplexed

·  As shown in Figure 1, ROs are not shared between 2 step RACH and 4 step RACH. However, RO1 for 2 step RACH and RO1 for 4 step RACH have same values for t_id, s_id and f_id resulting in same RA-RNTI. Note that within a RACH resource pool, FDMed ROs are assigned f_id starting from zero. So RO1 and RO2 in 2 step RACH resource pool will have f_id 0 and 1 respectively. Similarly, RO1 and RO2 in 4 step RACH resource pool will have f_id 0 and 1 respectively. 

·   In this case if preambles for 2 step RACH and 4 step RACH are not different, UE which has transmitted Msg1 and another UE which has transmitted MsgA may end up processing the same RAR.
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Figure 1
· This can be resolved by configuring different preambles for 2 step RACH and 4 step RACH for the case ROs are shared but frequency division multiplexed. Alternately, f_id numbering can be modified such that 2 Step ROs and 4 step ROs uses different f_ids. 
Observation 2a: In approach 2, there will be ambiguity in receiving fallbackRAR using RA-RNTI derived in same manner as defined for 4 step RACH, when ROs are not shared but frequency division multiplexed for 2 step and 4 step RACH.
Observation 2b: In approach 2, if ROs are frequency division multiplexed but separate preambles are configured for 2 step and 4 step RACH, RA-RNTI for receiving fallbackRAR/backoff indication can be derived in same manner as defined for 4 step RACH,.
Case 2-2: ROs are not shared and not frequency division multiplexed

· In this case UEs transmitting Msg1 and MsgA will monitor PDCCH addressed to different RA-RNTI. UE transmitting Msg1 and MsgA will receive different TB/MAC PDU. So UE transmitting Msg1 and MsgA can identify their response without any ambiguity . 

Observation 3: In approach 2, if ROs are not shared and not frequency division multiplexed for 2 step and 4 step RACH, RA-RNTI for receiving fallbackRAR/backoff indication can be derived in same manner as defined for 4 step RACH.
Based on the discussion we propose:

Proposal 1: If FallbackRAR/Backoff indication is transmitted/received by gNB/UE using Legacy RAR MAC PDU format, RAN2 should discuss and confirm that:
· when ROs are not shared but frequency division multiplexed, separate preambles are configured for 2 step RACH and 4 step RACH. 

2.2 MsgB-RNTI derivation in approach 1/2
If RA-RNTI derived in same manner as in 4 step RACH is used as MsgB-RNTI and search space is common for 2 step RACH and 4 step RACH, UE cannot distinguish whether the received MAC PDU is a legacy MAC PDU or a MsgB MAC PDU in following cases:

· ROs are shared between 2 step RACH and 4 step RACH

·  In this case RA-RNTI will be same for receiving Msg2 and MsgB. UE which has transmitted MsgA may process the received TB carrying Msg2 as MsgB. Similarly UE which has transmitted Msg1 may process the received TB carrying MsgA as Msg2.
· ROs are not shared but frequency division multiplexed

· As shown in Figure 1, ROs are not shared between 2 step RACH and 4 step RACH. However, RO1 for 2 step RACH and RO1 for 4 step RACH have same values for t_id, s_id and f_id resulting in same RA-RNTI. Note that within a RACH resource pool, FDMed ROs are assigned f_id starting from zero. So RO1 and RO2 in 2 step RACH resource pool will have f_id 0 and 1 respectively. Similarly, RO1 and RO2 in 4 step RACH resource pool will have f_id 0 and 1 respectively.
Observation 4: MsgB may not correctly received if RA-RNTI derived in same manner as in 4 step RACH is used as MsgB-RNTI in search space common for 2 step RACH and 4 step RACH. 
Following options can be considered for MsgB-RNTI:
Option 1: Separate Search Space of 2 Step RACH
RA-RNTI derived in same manner as in 4 step RACH is used as MsgB-RNTI. Search space for monitoring PDCCH for MsgB is configured differently from search space configured for monitoring Msg2. 
· With this approach even if RA-RNTI for 2 step RACH and 4 step RACH is same (in cases discussed earlier), UEs performing 2 step RACH and 4 step RACH will not receive same TB.
Option 2: Modified RA-RNTI

We can modify the RA-RNTI formula, so that RA-RNTI used for 2 step RACH is different from 4 step RACH
RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × rach_type
· 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 subclause 5.3.2 in TS 38.211 [8],
·  f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), 

· ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
· rach_type is set to 1 for 2 step RACH. Otherwise it is set to '0'
Based on the discussion we propose:

Proposal 2: RAN2 should discuss and agree on one of the following options for MsgB-RNTI

· Option 1: RA-RNTI is used as MsgB-RNTI. Search space for monitoring PDCCH for MsgB can be configured differently from search space configured for monitoring Msg2.

· Option 2: Modify RA-RNTI formula such that RA-RNTIs used for 2 step RACH and 4 step RACH are different.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1: If FallbackRAR/Backoff indication is transmitted/received by gNB/UE using Legacy RAR MAC PDU format, RAN2 should discuss and confirm that:
· when ROs are not shared but frequency division multiplexed, separate preambles are configured for 2 step RACH and 4 step RACH. 

Proposal 2: RAN2 should discuss and agree on one of the following options for MsgB-RNTI

· Option 1: RA-RNTI is used as MsgB-RNTI. Search space for monitoring PDCCH for MsgB can be configured differently from search space configured for monitoring Msg2.

· Option 2: Modify RA-RNTI formula such that RA-RNTIs used for 2 step RACH and 4 step RACH are different.
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For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:


Option 1: Separate ROs are configured for 2-step and 4-step RACH 


Option 2: Shared RO but separate preambles for 2-step and 4-step RACH
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