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1	Introduction
Random access in SBFD symbols is studied in RAN1. In RAN1 #114, it was agreed that there are several potential benefits including improve the coverage of PRACH and Msg3 if random access is allowed in SBFD symbols [1].
	If random access is allowed in SBFD symbols for SBFD-aware UEs, it may potentially reduce the random access latency, reduce the PRACH collision probability and/or improve the coverage of PRACH and Msg3. These aspects were not fully evaluated in RAN1. PRACH and Msg3 transmissions in UL subband in SBFD symbols may cause UE-to-UE CLI. The system performance impact is not evaluated in RAN1. Specification impact is expected to allow random access in SBFD symbols at least for PRACH and Msg3 transmissions in symbols configured as DL in TDD-UL-DL-ConfigCommon.



However, due to the time limitation, Random Access for SBFD was not sufficiently discussed at off-line discussion in RAN #101 meeting . It is expected to be discussed in RAN#102 meeting in December, 2023. 
In this paper, we provide the motivation of this topic and potential work item objectives.
2	Discussion
2.1	Motivation
The current NR PRACH design limits the maximum achievable cell range to 4.6km for mid-band TDD spectrum with 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget. Although NR has long preamble formats to support larger cell radius (up to 57km) [2], it cannot be used in mid-band TDD due to limited continuous time duration of uplink (e.g., 0.5ms in DDDSU pattern) 
Link budget analysis for UL 1Mbps QoS with typical antenna gain of each LTE/NR radio and antenna equipment in market shows the mid-band TDD NR with massive MIMO radio equipment has 3.1dB link budget advantage compared to the low-band FDD LTE. Also, FDD NR or potential all uplink SBFD operation for cell edge UE (e.g., UUUUU) increases the link budget gain over LTE to 7.3dB by utilizing increasing UL scheduling opportunities to relax the required UL RB & MCS to meet 1Mbps QoS. However, if initial random access is not supported in potential all uplink SBFD, uplink coverage is limited by PRACH coverage [3].
Observation 1. The current NR PRACH design limits the maximum archivable cell range to 4.6km for mid-band TDD spectrum with DDDSU pattern and 30kHz SCS regardless of how far distance can be supported by actual data and control channel link budget.
Observation 2. According to link budget analysis [3], in LOS environment (ex. sea-side area), uplink coverage of mid-band NR TDD with potential all uplink SBFD is limited by PRACH coverage even though uplink data channel coverage can be extended.

2.2	Potential Objectives
Since the maximum PRACH preamble distance determined by its physical length, only way for PRACH detection coverage extension without changing TDD pattern itself is to allow RACH occasion assignment using multiple slots based on SBFD operation as shown in Figure 1.
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[Figure 1. PRACH sequence length extension based on multiple SBFD slots]
Such RACH configuration is broadcasted using cell-common SIB1 to SA UE and is sent using dedicated RRC reconfiguration message to NSA UE during NR addition procedure. Therefore, the detailed signaling method and procedure for RACH configuration using SBFD slots/symbols for SBFD-aware UEs can be different for each architecture options (i.e., NSA/SA).
The initial access enhancement of SBFD-aware UE should include not only Msg1 (PRACH) but also Msg3 since coverage of Msg3 in UL is also limited by number of consecutive UL slot. For example, if we can have 2 or 4 consecutive slots for Msg3, then we can have 3 or 6 dB coverage enhancement by repetition.

Observation 3. Considering 5G deployment options (i.e., SA/NSA) in the market, random access operation using consecutive SBFD slots/symbols needs to be allowed not only in RRC CONNECTED mode but also in RRC_IDLE/INACTIVE mode. It is also supported for both Msg1 and Msg3 transmission.

[bookmark: _Hlk527071819]3	Conclusions
In this contribution, we discussed the motivation for random access in SBFD operation Rel-19 and potential work item objectives. The following is proposed:
1. Study, and if justified, include Msg1 and Msg3 transmission using consecutive SBFD slots/symbols in the scope of Rel-19 Duplex WI for coverage extension
0. For considering SA and NSA UE, it is supported in both RRC_IDLE/INACTIVE and RRC CONNECTED mode.

References
1. 3GPP TR 38.858 : “Study on Evolution of NR Duplex Operation”.
1. Arvind Chakrapani, “On the Design Details of SS/PBCH, Signal Generation and PRACH in 5G-NR,” IEEE Access, July 2020.
1. RP-232013, On random access coverage enhancement in R19 Duplex evolution, SK Telecom, RAN #101
image1.png
DL

DL

[TDD]

DL

DL

g
0.5ms

[SBFD]

DL DL DL

DL DL DL
S

m

DL
DL
! 0.5ms





