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Introduction
Discussions of the possibility to use multiple preamble transmissions to enable UL beam sweeping for UEs without Rx/Tx reciprocity has been discussed in some RAN2 contributions, see [1] and [2]. Discussions of this topic are also ongoing in RAN1 where the following agreements have been made in RAN1#87adhoc:
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
And further that:
Agreement:
For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

This contribution discusses the use case, possible benefits and drawbacks if multiple preamble transmissions are permitted.
[bookmark: _Ref178064866]Discussion
The main scenario where multiple preamble transmissions before the end of the RAR window would be needed is for UEs which do not support Rx/Tx reciprocity. These UEs cannot determine their best UL tx beam based on their best Rx beam. In case 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 Rx/Tx reciprocity 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.
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 Rx/Tx reciprocity to increase the detection probability. This could lead to worse system performance due to increased PRACH load, preamble collisions and increased interference. It would therefore be beneficial that the use of multiple preamble transmissions before the end of the RAR window is limited to cases where it is necessary for a successful Random Access. Allowing more than one preamble transmission before the end of the RAR window would also lead to a more complex Random Access procedure.
[bookmark: _Toc480871702][bookmark: _Toc481061695][bookmark: _Toc481130533][bookmark: _Toc481140922][bookmark: _Toc481505918][bookmark: _Toc481684471][bookmark: _Toc481759052][bookmark: _Toc481867187]For system performance it is beneficial if the use of multiple preamble transmissions is limited to cases where it is really necessary.
To make it less appealing to transmit multiple preambles (for other use cases than for UL beam sweeping) 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 non Rx/Tx reciprocity capable UEs 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. However, there are also UEs only capable of narrow beam transmission. A reasonable solution would be to let the network decide whether this behavior is allowed or not.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc480871674][bookmark: _Toc481061699][bookmark: _Toc481130525][bookmark: _Toc481140925][bookmark: _Toc481505912][bookmark: _Toc481684476][bookmark: _Toc481759046][bookmark: _Toc481867191]Use of multiple preambles before the end of the RAR window is configured by the network, pending RAN1 progress.
To define an unambiguous RA procedure, the gNB needs to know which preambles belong to the same UE/RA attempt. This can be accomplished by defining a set of PRACH time and frequency resources to be used for multiple preamble transmissions.
[bookmark: _Toc480871675][bookmark: _Toc481061700][bookmark: _Toc481130526][bookmark: _Toc481140926][bookmark: _Toc481505913][bookmark: _Toc481684477][bookmark: _Toc481759047][bookmark: _Toc481867192]A specified set of PRACH time and frequency resources is configured for multiple preamble transmissions
[bookmark: TS36_211_Table_5_7_1_2_02]The PRACH resources for multiple preamble transmissions should be specified with a first transmission opportunity and a number of repetitions. These could be indicated via a set of SFN/slot/subframe indices that allow PRACH transmission similar to PRACH configurations in LTE (see Table 5.7.1-2 in TS36.211). For example, a first PRACH transmission opportunity could be slot/subframe 0 in every SFN such that SFN modulo k1 =0. Then subsequent PRACH transmission opportunities are the following k2 odd slots/subframes. The RAR window can be configured to start n slots/subframes after the first PRACH transmission opportunity. An example is shown in Figure 1.
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[bookmark: _Ref481131794]Figure 1. Example of PRACH and RAR configuration.
[bookmark: _Toc480871676][bookmark: _Toc481061701][bookmark: _Toc481130527][bookmark: _Toc481140927][bookmark: _Toc481505914][bookmark: _Toc481684478][bookmark: _Toc481759048][bookmark: _Toc481867193]The PRACH resources for multiple preamble transmissions has a first transmission opportunity and a configurable number of repetitions
The start of the RAR window should be configurable. This means that the gNB can configure PRACH resources with a large number of repetitions to allow the UE do a fine grained beam sweep and still send the RAR before the UE has transmitted on all of the repetitions if a good enough beam is detected. Hence, we believe that a configurable parameter ra-ResponseWindowStart should be introduced. In case of multiple preamble transmissions, the ra-ResponseWindowStart would indicate the offset from the subframe that contains the end of the preamble transmission in the first transmission opportunity until the start RA Response window
[bookmark: _Toc480871677][bookmark: _Toc481061702][bookmark: _Toc481130528][bookmark: _Toc481140928][bookmark: _Toc481505915][bookmark: _Toc481684479][bookmark: _Toc481759049][bookmark: _Toc481867194]A configurable parameter ra-ResponseWindowStart should be introduced in NR to indicate the offset from the subframe that contains the end of the preamble transmission in the first transmission opportunity until the start of RA Response window.
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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The RAR should contain an indication of which transmission that was strongest. This enables the gNB to allow a more detailed beam sweeping (by not sending the RAR as soon as it hears a preamble but instead wait and see if one of the following are better) than if the repetition/beam is indicated by a fixed timing to the RAR.
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Conclusion
In section 2 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.

Based on the discussion in section 2 we propose the following:
Proposal 1	Use of multiple preambles before the end of the RAR window is configured by the network, pending RAN1 progress.
Proposal 2	A specified set of PRACH time and frequency resources is configured for multiple preamble transmissions
Proposal 3	The PRACH resources for multiple preamble transmissions has a first transmission opportunity and a configurable number of repetitions
Proposal 4	A configurable parameter ra-ResponseWindowStart should be introduced in NR to indicate the offset from the subframe that contains the end of the preamble transmission in the first transmission opportunity until the start of RA Response window.
Proposal 5	When the UE receives the RAR, it stops sending preambles
Proposal 6	The RAR contains an indication of which preamble transmission that was best
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