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Introduction
In the RAN1 NR AH meeting [1], it was agreed that at least a single Msg.1 transmission before the end of a monitored RAR window is supported, just like in LTE.
	Agreement:
For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises



In this contribution we argue that multiple PRACH transmissions should be considered for NR, at least for CONNECTED mode random access. In particular, the usefulness of multiple Msg.1 transmissions during handover is discussed.
RAR Reception Window
In LTE, the RAR reception window starts 2 ms after the end of the Msg.1 preamble transmission and has a configurable length of up to 10 ms. Both in LTE and NR, the time between Msg.1 preamble reception and RAR transmission may depend on the following factors:
· Msg.1 detection time: 
· RACH transmission occasions usually occur less frequently than data and control transmissions. Hence, Msg.1 reception and detection can span a longer time. Relaxed Msg.1 timing can reduce network power consumption. 
· Inter-TRP coordination over backhaul: 
· A TRP that has detected a Msg.1 may have to communicate with other TRPs that may also have detected the same Msg.1, in order to coordinate the RAR transmission, possibly involving communication over wireless backhaul.
· Flexibly scheduled RAR transmission: 
· To allow flexibility in the scheduling of the RAR, an extra time margin can be included in the RAR reception window.
Hence, in order to support a wide range of network implementations and to ensure forward compatibility, a flexible and configurable RAR reception window seems to be also needed in NR, including a maximum RAR reception delay of at least several ms. Furthermore, of the three factors discussed above, only flexibly scheduled RAR transmission is notably affected by the compressed time line following increased subcarrier spacing, e.g. at above 6 GHz. Hence, the range of RAR reception window durations can be similar in all frequency ranges.
Observation 1: Long maximum RAR reception delay, e.g. several ms, is also needed in NR.
The Impact of Msg.1 Retransmissions on Handover Reliability and Latency
A UE performing handover is typically in the cell-edge of both the source and target cell with relatively poor radio conditions. Therefore, it is essential to keep down the latency of the random access procedure during handover, in order to minimize link failures. This is relevant to several NR KPIs such as reliability, mobility interruption time and mobility. One or more Msg.1 retransmissions after the end of long RAR windows result in long random access latency and increased risk of link failure and mobility interruption, especially when combined with high mobility. 
Also a UE performing a contention-free random access during handover may experience a failed attempt due to a non-detected preamble at the TRP-side. The reason could be a combination of for example the following factors:
· Too low UE transmit power (resulting in too low received power at the TRP), for example due to inaccurate path loss estimate (low SNR)
· Inaccurate UE Tx beam, for example due to inaccurate beam estimate (low SINR) and/or lack of beam correspondence
· Disruption, e.g. blockage, of primary propagation path occurring between time of DL signal (e.g. SS block) reception and time of Msg.1 transmission.
· Instantaneous high interference plus noise, e.g. other preambles received with high power.
Compared to LTE, NR introduces additional uncertainty in the first step in the random access procedure due to the reliance on UE-side Tx beamforming in many scenarios, in particular on the cell-edge. Note that it was agreed in RAN1#86 to take into account also the case without beam correspondence at the UE in the design of the random access procedure. It can also be noted that it is more likely at higher frequencies with Msg.1 transmission at maximum UE transmit power, due to wider band preambles (higher subcarrier spacing), leaving less room for power ramping.
Observation 2: Msg.1 (re)transmissions only after the end of the RAR window does not provide sufficient random access reliability and latency at handover in many scenarios, in particular when UE Tx beamforming gain is needed for the Msg.1 transmission.
Multiple Msg.1 Transmissions for CONNECTED mode Random Access
In order to address some of the challenges described above, we propose the possible use of multiple Msg.1 transmissions before the end of a monitored RAR reception window. For CONNECTED mode UEs a dedicated random access configuration can be provided by RRC signaling, for example as part of a handover procedure as in LTE. Hence, the increased reliability and reduced random access latency can be provided to only the subset of UEs that require it. We propose that the configuration provides a maximum number of Msg.1 transmissions before the end of the monitored RAR window, which means that it’s up to the UE how many Msg.1 to transmit (up to the configured maximum number). The UE may change its Tx beam between such transmissions, if not configured by the gNB to keep the Tx beam. In that case, for a UE without beam correspondence, it may perform UE Tx beam switching during the multiple Msg.1 transmissions. For a UE with beam correspondence, it may use the same Tx beam during the multiple Msg.1 transmissions, with time-frequency diversity providing increased reliability since both the radio channel and the instantaneous interference-plus-noise level may differ significantly between different RACH transmission occasions. A UE with beam correspondence may also use different Tx beams during the multiple Msg.1 transmissions, for example by transmitting along a secondary propagation path, in case the primary propagation path was blocked since the last reception of DL signal (e.g. SS block). Such a secondary propagation path may in some scenarios correspond to a low-power TRP that is closer to the UE than the high-power TRP that corresponds to the primary propagation path. A UE with beam correspondence may also use slightly different Tx beams in order to increase robustness against beam estimation errors, due to for instance low SINR and high speed.
The amount of RACH transmission occasions does not have to be increased if a UE is configured with contention-free multiple Msg.1 transmissions. Instead, the UE may transmit its dedicated preamble on more than one of the RACH transmission occasions that are anyway reserved for the UE. The resources are unused and wasted if the UE doesn’t use them. Note that the RACH transmission occasions can be time- and/or frequency-multiplexed. Also note that the amount of RACH transmission occasions during a monitored RAR window can be quite high when the time line is compressed due to short symbols at high subcarrier spacing, e.g. 120 or 240 kHz. As discussed in section 2, the RAR window duration does not scale with the subcarrier spacing.
The gNB may detect the dedicated preamble on multiple RACH transmission occasions before the RAR has been transmitted. However, the gNB can deduce that the multiple Msg.1 transmissions came from the same UE, since only a single UE has been configured to use the particular preamble (for contention-free random access) on the particular RACH transmission occasions. Hence, the gNB can respond with a single RAR, even if multiple Msg.1 are detected. If the gNB detects multiple Msg.1 before the RAR transmission it may choose to respond to the strongest, since this will provide improved performance in the communication of Msg.3.
Proposal 1: NR supports a configurable maximum number of multiple Msg.1 transmissions before the end of a monitored RAR window, at least for UEs with a dedicated random access configuration.
· Note: The UE may use different Tx beams during these transmissions, unless requested by the gNB to use the same Tx beam.
Conclusions
The following observations and proposals have been made: 
Observation 1: Long maximum RAR reception delay, e.g. several ms, is needed also in NR.
Observation 2: Msg.1 (re)transmissions only after the end of the RAR window does not provide sufficient random access reliability and latency at handover in many scenarios, in particular when UE Tx beamforming gain is needed for the Msg.1 transmission.
Proposal 1: NR supports a configurable maximum number of multiple Msg.1 transmissions before the end of a monitored RAR window, at least for UEs with a dedicated random access configuration.
· Note: The UE may use different Tx beams during these transmissions, unless requested by the gNB to use the same Tx beam.
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