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1 Introduction
[bookmark: _Hlk71660852]In the RAN#90-e meeting, a new work item on support of reduced capability NR devices was approved and the revised WID was approved at the RAN#91-e meeting. The objectives related higher layer support are shown as followings [1]. 
	· Specify definition of one RedCap UE type including capabilities for RedCap UE identification and for constraining the use of those RedCap capabilities only for RedCap UEs, and preventing RedCap UEs from using capabilities not intended for RedCap UEs including at least carrier aggregation, dual connectivity and wider bandwidths. [RAN2, RAN1]
· The existing UE capability framework is used; changes to capability signalling are specified only if necessary.
· Specify functionality that will enable RedCap UEs to be explicitly identifiable to networks through an early indication in Msg1 and/or Msg3, and Msg A if supported, including the ability for the early indication to be configurable by the network. [RAN2, RAN1]
· [bookmark: _Hlk67648184][bookmark: _Hlk67650013]Specify a system information indication to indicate whether a RedCap UE can camp on the cell/frequency or not; it shall be possible for the indication to be specific to the number of Rx branches of the UE. [RAN2, RAN1] 
· Specify necessary updates of UE capabilities (38.306) and RRC parameters (38.331). [RAN2]


In this contribution we discuss initial views on early UE identification during random access procedures. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on UE identification During Random Access
[bookmark: OLE_LINK69] During RedCap SI phase, RAN1 has identified the following channels as coverage bottleneck channels, 
· Downlink (assuming 4 GHz carrier frequency with DL PSD of 24dBm/MHz and 1 Rx): Msg2 PDSCH without TBS scaling, Msg4 PDSCH, and PDCCH CSS in FR1 
· Uplink: PUSCH and Msg3 PUSCH in FR 1. 
The above coverage bottleneck channels are mainly used for transmission or reception during random access procedures before RRC connection. Before RRC connection (more accurately before UE’s capability reporting), a gNB has no information on UE’s capability so that the gNB cannot distinguish Rel-15/16 non-RedCap UEs and Rel-17 RedCap UEs. If a network operator would provide a high-quality service to both non-RedCap UEs and RedCap UEs, the coverage of the above channels should be taken into account. In other words, if the network operation may use very conservative scheduling policy to both non-RedCap UE and RedCap UE, then, uplink and downlink resource efficiency may be significantly degraded. 
 To address this issue, RAN1 and RAN2 discussed early UE identification during random access procedure. The following options were proposed, and their pros and cons are captured in TR38.875. 
· [bookmark: _Hlk61951813]Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Opt. 2: During Msg3 transmission. 
· Opt. 3: Post Msg4 acknowledgment.
· E.g., during Msg5 transmission or part of UE capability reporting.
· Opt. 4: During MsgA transmission.
 From RAN1 perspective, since Msg2 PDSCH and Msg3 PUSCH are identified as coverage bottleneck channel at least for some scenarios, it may not be suitable to use option 2 and 3, where a gNB cannot know whether a UE is RedCap UE before Msg2 PDSCH and Msg3 PUSCH. Even if Msg2 PDSCH and Msg3 PUSCH are not coverage bottleneck, from RAN2 perspective, early UE identification before Msg 3 transmission may provide a chance to restrict RadCap UE’s random access. For example, if early UE identification is obtained at the gNB before Msg 3 transmission, network operators can save uplink resources by not transmitting a RAR UL grant scheduling Msg3 PUSCH to the RedCap UE. Furthermore, Option 1 provides the following advantages over other options. 
· A gNB can identify UE-type (non-RedCap/RedCap/etc). As mentioned above, it can provide restricted random access to RedCap UEs.
· A gNB can utilize coverage recovery techniques (e.g., Msg2/4 PDSCH/Msg3 PUSCH repetition if specified) and conservative scheduling schemes (e.g., TBS scaling for Msg2 or low MCS) for RedCap UEs.
· A gNB can off-load UE’s random-access trials, so that there are no impacts on non-RedCap UE’s random access. 
· A gNB can optimize PRACH configurations, including PRACH format, and/or time/frequency domain PRACH occasions, for RedCap UEs. 

· Proposal 1: For early UE identification during random access procedure, we support option 1.
· [bookmark: _Hlk71710355]Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.

[image: ]
Figure 1. Illustration of (a) separate PRACH configurations and (b) separate initial UL BWPs

Consider the case separate PRACH resource is configured to RedCap UEs, which is illustrated in Figure 1. One PRACH configuration (denoted as A) is for normal UE and another PRACH configuration (denoted as B) is for RedCap UE. Even if two PRACH configurations are configured in a carrier, it is not necessary to configure separate SS/PBCH blocks and initial DL BWP for the normal UEs and the RedCap UEs. In other words, two PRACH configurations can be associated with a single SS/PBCH configuration. And also 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 this equation above, we can observe there is one-to-one correspondence between a PRACH occasion and RA-RNTI. In other words, the UE can identify which a DCI format contains RAR corresponding to the PRACH occasion by checking RA-RNTI. 
 Suppose that two PRACH occasions from two PRACH configurations overlaps 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 correspond the same RA-RNTI. In this case, there is many-to-one correspondence between a PRACH occasion and RA-RNTI, which should be addressed. 
 To address this issue, RAN1 should further study how to configure separate PRACH configuration for RedCap UE. 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 2: If option 1 (During Msg1 transmission) is supported, RAN1 should further study how to configure separate PRACH configurations for a RedCap UE. 
It is worth noting that we describe the problem with separate PRACH configurations, but the problem also occurs with separate initial UL BWPs if there are no separate initial DL BWPs. 

3 Conclusion
In this contribution, we discussed early UE identification for a RedCap UE. The followings are proposed: 
· Proposal 1: For early UE identification during random access procedure, we support option 1.
· Opt. 1: During Msg1 transmission, e.g., via separate initial UL BWP, separate PRACH resource, or PRACH preamble partitioning.
· Proposal 2: If option 1 (During Msg1 transmission) is supported, RAN1 should further study how to configure separate PRACH configurations for a RedCap UE. 
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