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· In RAN1#87ah, the following agreements were made:
Agreements:
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 RAN1#88, the following agreements were made:
Agreements:
· Following is baseline UE behavior 
· UE assumes single RAR reception at a UE within a given RAR window
· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises

· In RAN1 NRah2, the following agreements were made:
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

· In RAN2#99, the following agreements where made:
Agreements:
For multiple msg1 transmissions for contention free RACH 
· A single RAR window is applied for multiple msg1 transmission.  
· The RAR window is started after transmission of the first preamble after a “offset”.  
· The UE monitors multiple RA-RNTIs.  The RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  
· Once a RAR is received, the RAR reception is considered successful, as in LTE.  The UE stops multiple preamble transmission.
· Details of RA-RNTI calculations are FFS

In this contribution, we discuss on multiple preamble transmissions and RAR related concepts related to multiple preamble transmission. For discussion on RACH procedure, see [1].  
This contribution is revised from R1-1716155
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The main scenario where multiple preamble transmissions before the end of the RAR window would be needed is for UEs which do not support beam correspondence. These UEs cannot determine their best UL Tx beam based on their best Rx beam. If these UEs would transmit a narrow beam in the wrong direction, it may not be detected by the gNB. It should be noted that also UEs not supporting beam correspondence can transmit a wide beam which could, at least after some power ramping, in most cases be detected by the gNB. 
Other situations where this could be used have also been discussed such as to increase the detection probability for preamble transmissions. However, using multiple preamble transmissions before the end of the RAR window also comes with several drawbacks. It would for example increase the preamble collision probability and increase the interference compared to if each UE would be limited to one preamble such as in LTE. If it would be allowed to send more than one preamble before the end of the RAR window it could be expected that it would be used also by UEs with beam correspondence to increase the detection probability. This could lead to worse system performance due to increased RACH load, preamble collisions, increased interference, and increased complexity in random access procedure. It would therefore be beneficial that the use of multiple preamble transmissions before the end of the RAR window should be limited to cases where it is necessary for a successful random access.
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To make it less appealing to transmit multiple preambles one way is to not allow it until an ordinary power ramping up to maximum allowed power has been completed. This would limit the use to only cases when the UEs cannot access without UL beam sweeping. Also, UEs not capable of beam correspondence would then first try to access with a wide beam and power ramping before resorting to beam sweeping using multiple preamble transmissions before the end of the RAR window. 
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To define an unambiguous RA procedure, the gNB needs to know which preambles belong to the same UE and RA attempt. This can be accomplished by defining a set of RACH time and frequency resources to be used for multiple preamble transmissions.
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The RACH resources for multiple preamble transmissions should be specified with a first transmission occasion and several repetitions. These could be indicated via a set of SFN/slot/subframe indices that allow RACH transmission similar to RACH configurations in LTE (see Table 5.7.1-2 in TS 36.211). 
An example is shown in Figure 1, where even numbered time indices are reserved for RACH transmission occasions and odd numbered time indices (after the start of the RAR window) are reserved for RAR transmission.
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[bookmark: _Ref492651569]Figure 1. Example of RACH and RAR configuration.
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When the UE receives the RAR transmission, it will stop preamble transmissions. This enables the gNB to prevent the UE from sending more preambles than are needed to find a good enough beam. Since the number of preamble transmissions needed to find a good enough beam depends on the beam width, the beam sweeping pattern and the direction the UE tries first, it is plausible that the UE will not need to transmit in all the repetitions. Hence, by stopping the UE from sending additional preambles when it receives the RAR, unnecessary preamble transmissions are avoided.
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In case of multiple preamble transmissions, we believe that the “end of RACH transmission occasion” should be understood as the “end of the first RACH transmission occasion”. This means that the RAR window will typically start before some or all the subsequent transmission occasions.
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Similarly, the time between MSG2 and MSG3 should also be kept at a minimum. This timing might be included in MSG2 supporting a flexible, and UE specific timing for MSG3
The RAR window length should be configurable and should be different for single Msg1 and multiple message 1 (if supported). Depending on the number of repetitions that are configured, the length may be different. This means that it is not efficient or possible to use the window size that is used for ordinary RACH transmissions. Hence, we propose to use a new window size for multiple preamble transmissions. In case several RACH resource configarations are valid in a cell, we think that each RACH configuration could have its own RAR window size.
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Conclusion
In this contribution, we made the following observations:
Observation 1	For system performance, it is beneficial if the use of multiple preamble transmissions is limited to cases where it is really necessary.

[bookmark: _GoBack]Based on the discussion in this contribution, we propose the following:
Proposal 1	Transmission of multiple preambles, if supported, before the end of the RAR window is only allowed after ordinary power ramping has reached maximum power.
Proposal 2	A special set of RACH time and frequency resources is configured for multiple preamble transmissions if supported
Proposal 3	The RACH resources for multiple preamble transmissions, if supported, has a first transmission occasion and a configurable number of repetitions
Proposal 4	When the UE receives RAR, it stops sending preambles
Proposal 5	In case of multiple preamble transmission, if supported, the RAR window starts immediately after the first RACH transmission occasion, i.e. the fixed duration from the first RACH transmission to the start of the RAR window should be zero.
Proposal 6	RAR window length should be configurable. It should be different configurations for single Msg1 and multiple Msg1 case, if supported.
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