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1 Introduction
[bookmark: _Hlk71660852]From the RAN1#105-e meeting to the RAN1#106bis-e meeting [1]-[3], RAN1 discussed potential issues such as definition of RedCap UE type, early indication of RedCap UEs, system information indication, and necessary updates of UE capabilities and RRC parameters for high layer support for Redcap UE and the followings were agreed. 
	Working Assumption at RAN1#105-e meeting [1]:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled
· FFS How to support enable/disable the early indication
· FFS details e.g.:
· separate initial UL BWP
· separate PRACH resource
· PRACH preamble partitioning
· FFS the possibility of supporting Msg3 for the early indication
Agreement at RAN1#105-e meeting [1]: (if the above working assumption is confirmed)
· Early indication of RedCap UEs in Msg1 can be enabled/disabled via SIB
Working Assumption at RAN1#105-e meeting[1]:
· RedCap UE type is defined based on one of the following options
· Option 2: Only include the reduced capabilities that the network needs to know during initial access, if any.
· Option 4: The corresponding minimum set of the reduced capabilities that one RedCap UE type shall mandatorily support 
· FFS: details of the set of reduced capabilities
Conclusion at RAN1#105-e meeting [1]:
· RAN1 postpones the discussion on constraining of reduced capabilities, and if deemed necessary, RAN1 can come back
Agreement at RAN1#105-e meeting [1]:
· Support 2-step RACH for RedCap UEs as an optional feature
· FFS details of early indication in MsgA, e.g.:
· Separation of 2-step RACH resources or MsgA preambles
· Separation of initial UL BWP
· Using a new indication in MsgA PUSCH part
· Note: Discussion on 4-step RACH for early indication should be prioritised

Agreement at RAN1#106-e meeting [2]:
Confirm the following working assumption with the modifications in red:
· For 4-step RACH, support the early indication of RedCap UEs at least in Msg1.
· The early indication in Msg1 can be configured to be enabled/disabled via SIB
· FFS how to support enable/disable the early indication
· FFS details e.g.: From RAN1 perspective, the following methods can be used for early indication both for shared initial UL BWP and separate initial UL BWP (if supported)
· separate PRACH resource
· PRACH preamble partitioning
· FFS: whether/how to address RA-RNTI overlapping issue
· FFS the possibility of supporting Msg3 for the early indication 
Whether/how to support early indication of RedCap UEs in Msg3 in Rel-17 is up to RAN2.
Conclusion at RAN1#106-e meeting [2]:
· Whether there is RA-RNTI overlapping issue and how to address RA-RNTI overlapping issue in the early indication of RedCap UEs in Msg1 in Rel-17 is up to RAN2.
Agreement at RAN1#106-e meeting [2]:
· Send an LS to RAN2 informing RAN2-related agreements in AI8.6.2 in RAN1#106-e
· FFS details

Conclusion at RAN1#106bis-e meeting [3]
It is up to RAN2 for PRACH preamble partitioning for Msg1-based early indication



In this contribution, we discuss RAN1-related RA-RATI overlapping issue on early UE identification during random access procedures. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Remaining issue on UE identification During Random Access
[bookmark: OLE_LINK69] At the previous RAN1#106-e meeting, it was agreed to support the early indication of RedCap UEs at least in Msg1 for 4-step RACH and it was also agreed that the methods such as separate PRACH resource and PRACH preamble portioning can be used for early indication of RedCap UEs both for shared initial UL BWP and separate initial UL BWP (if supported). We discuss potential issues on using separate PRACH configuration and separate initial UL BWPs for early UE identification for a RedCap UE in Msg1.
[image: ]
Figure 1. Illustration of (a) separate PRACH configurations and (b) separate initial UL BWPs
Consider the case where separate PRACH resource is configured to RedCap UEs, which is illustrated in Figure 1. One PRACH configuration (denoted as A) is for non-RedCap UE and another PRACH configuration (denoted as B) is for RedCap UE. Even if two PRACH configurations are configured in a carrier, it may not be necessary to configure separate SS/PBCH blocks and initial DL BWP for the non-RedCap UEs and the RedCap UEs. In other words, two PRACH configurations can be associated with a single SS/PBCH configuration. And two PRACH configurations share the same common search space in an initial DL BWP during random access procedure. If a UE transmits a PRACH preamble, then the UE monitors a DCI format with a CRC scrambled with RA-RNTI in Type1-PDCCH CSS set. Note that Type1-PDCCH CSS set can be used for reception of a DCI format scheduling Msg2 PDSCH. The RA-RNTI is obtained based on information of the transmitted preamble. From TS38.321, the equation to derive the RA-RNTI is 
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). 
Based on the above equation, we can observe there is one-to-one correspondence between a PRACH occasion and RA-RNTI. In other words, the UE can identify that a DCI format contains RAR corresponding to the PRACH occasion by checking RA-RNTI. 
Suppose that two PRACH occasions from two PRACH configurations overlap in time, i.e., two PRACH occasions start at the same symbol. In this case, s_id and t_id of two PRACH occasions are identical. Furthermore, the two PRACH occasions may have the same f_id even if they do not overlap in frequency because the f_id is a logical index. Therefore, two PRACH occasions from two PRACH configurations may be corresponding to the same RA-RNTI. In this case, it can cause many-to-one correspondence between a PRACH occasion and RA-RNTI, which should be addressed. At the previous RAN1#106-e meeting, it was concluded that whether there is RA-RNTI overlapping issue and how to address the issue in the early indication of RedCap UEs in Msg1 in Rel-17 are up to RAN2. However, we think this should be addressed in both RAN1 and RAN2 together and it should be discussed how to resolve the issue from the RAN1 perspective.
To address this RA-RATI overlapping, RAN1 should further discuss how to configure separate PRACH configuration for RedCap UEs. The following alternatives can be considered as a starting point. 
· Alt. 1) It is not allowed to configure more than one PRACH configurations of which starting symbols overlap. With Alt. 1, RA-RNTIs of two PRACH occasions do not overlap.
· Alt. 2) If a gNB configures more than one PRACH configurations of which starting symbols overlap, then the gNB should configure separate Type1-PDCCH CSSs. With Alt. 2, even if RA-RNTIs of two PRACH occasions overlap, DCI formats corresponding to the RA-RNTI values are received in different time-frequency location.
· Alt. 3) If a gNB configures more than one PRACH configurations of which starting symbols overlap, and if there are no separate Type1-PDCCH CSSs, then UE should calculate different RA-RNTI values according to PRACH configurations. 
· Proposal: RAN1 should further discuss how to configure separate PRACH configurations for RedCap UEs. The following alternatives can be considered to resolve this RA-RATI overlapping issue.
· Alt. 1) It is not allowed to configure more than one PRACH configurations of which starting symbols overlap. With Alt. 1, RA-RNTIs of two PRACH occasions do not overlap.
· Alt. 2) If a gNB configures more than one PRACH configurations of which starting symbols overlap, then the gNB should configure separate Type1-PDCCH CSSs. With Alt. 2, even if RA-RNTIs of two PRACH occasions overlap, DCI formats corresponding to the RA-RNTI values are received in different time-frequency location.
· Alt. 3) If a gNB configures more than one PRACH configurations of which starting symbols overlap, and if there are no separate Type1-PDCCH CSSs, then UE should calculate different RA-RNTI values according to PRACH configurations. 
It is worth noting that we describe the problem with separate PRACH configurations, but the problem can also be occurred with separate initial UL BWPs if there are no separate initial DL BWPs between non-RedCap and RedCap UEs. 

3 Conclusion
In this contribution, we discussed RAN1-related RA-RATI overlapping issue on separate PRACH configuration and separate initial UL BWPs related early UE identification for a RedCap UE in Msg1. The following is proposed: 
· Proposal: RAN1 should further discuss how to configure separate PRACH configurations for RedCap UEs. The following alternatives can be considered to resolve this RA-RATI overlapping issue.
· Alt. 1) It is not allowed to configure more than one PRACH configurations of which starting symbols overlap. With Alt. 1, RA-RNTIs of two PRACH occasions do not overlap.
· Alt. 2) If a gNB configures more than one PRACH configurations of which starting symbols overlap, then the gNB should configure separate Type1-PDCCH CSSs. With Alt. 2, even if RA-RNTIs of two PRACH occasions overlap, DCI formats corresponding to the RA-RNTI values are received in different time-frequency location.
· Alt. 3) If a gNB configures more than one PRACH configurations of which starting symbols overlap, and if there are no separate Type1-PDCCH CSSs, then UE should calculate different RA-RNTI values according to PRACH configurations. 
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