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Introduction
The possibility to use multiple preamble transmissions before the RAR window expiration has been agreed in RAN2 for contention free random access to enable UL beam sweeping for UEs without Rx/Tx reciprocity. 
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

As agreed in RAN2#97bis, “There is at most one Random Access procedure ongoing at any point in time in a MAC entity”.
The above agreements form a basis for multiple preamble transmissions, but the full support for this agreed feature is missing in specifications. Multiple preamble transmissions were not part of the RAN1 topics prioritized for the December release, so work on this topic was down-prioritized in RAN2 as well during the end of 2017. However, the already made agreements are not sufficient and should be complemented to enable efficient multiple preamble transmissions. This contribution discusses the remaining issues for multiple preamble transmissions.
[bookmark: _Ref178064866]Discussion
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]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. Since an agreement has been made to support multiple preamble transmission for CFRA, the use cases are restricted to connected UEs. The most important cases would be for hand over and when a UE which has lost its UL synch., i.e. the TAT has expired, receives a PDCCH order to do random access. 
In case these UEs would transmit a narrow beam in the wrong direction, there is a risk that it will 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. Another possibility would be to do a beam sweeping with ordinary single preamble transmissions. This would typically lead to longer latencies, unless a really short preamble format and short RAR window size is used, since the RAR window must expire before a new preamble transmission can be done. In general, configuring very short RAR windows may not be desirable in all cases and requires handling of high processing load when many UEs do random access.
Possible gains with multiple preamble transmissions
Current specifications do not allow for multiple preamble transmissions before the end of the RAR window. In the example illustrated in Figure 1, a SCS of 15 kHz is assumed together with a short preamble format such as A1-A3, B1-B4, C0 or C2, see Table 6.3.3.1-2 in [1]. A corresponding PRACH configuration agreed for these preamble formats with PRACH every second slot is also used. Two different RAR window lengths of 1 or 2 slots are shown in the figure. As can be seen in the example, the minimum time to transmit 4 UL beams and waiting for the RAR window to expire after the last transmission would be in the order of 8 slots using the minimum possible RAR window size of 1 slot. If instead a 2 slot RAR window is used with the same PRACH configuration, it will take 15 slots to perform the 4 preamble transmissions and wait for the RAR window to expire. If a RAR window length of 4 slots is used, it would take 21 slots (not shown in the figure). It should be noted that configuring a RAR window length above 4 slots (8 or 10) may also be used and would give even longer time to complete 4 preamble transmissions.

[image: ]

[bookmark: _Ref505757588]Figure 1 Repeated single preamble transmissions.
Using multiple preamble transmissions with the same assumptions as above, the situation is different. To have a fair comparison the RAR window should end after the same number of slots after the last preamble transmission as was used in the example in Figure 1, i.e. 1 or 2 slots after the last preamble transmission. The case with a 2 slot RAR window is illustrated in the upper half of Figure 2. Here the time to transmit 4 preamble transmissions and wait for the 2 slot RAR window to expire is 9 slots, compared to 15 slots in the repeated single preamble transmission case. If the RAR window is extended to 4 slots after the last preamble transmission, the time increases to 11 slots. The longer the RAR window is, the larger advantage of using multiple preamble transmissions, since it does not increase the time between the different preamble transmissions. As a further enhancement possibility for multiple preamble transmission is to use one of the agreed PRACH configurations where PRACH transmissions are possible in every SF (slot for 15 kHz SCS). In this case the preamble transmissions can be done back-to-back giving an even shorter delay. With back-to-back transmissions, 4 preamble transmissions with a 1 slot RAR is done in only 5 slots and 4 preamble transmissions with a 2 slot RAR window can be done in 6 slots.
[bookmark: _Toc505767146][bookmark: _Toc505773550][bookmark: _Toc505932863][bookmark: _Toc506214461][bookmark: _Toc506467885]Depending on configuration, multiple preamble transmissions can give large gains for the time needed to perform an UL beam sweep, compared to single preamble transmissions.
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[bookmark: _Ref505947610]Figure 2. Multiple preamble transmissions
PRACH resources for multiple preamble transmissions
In contention free RA it is possible to dedicate both preambles and PRACH resources to a specific UE. Another option is to configure common PRACH resources for multiple preamble transmissions that may only be used by UEs which have been configured with a dedicated preamble for multiple preamble transmissions. This would be similar to the case of Beam failure recovery using random access where special PRACH resources are used. This configuration could be done by adding a new prach-ConfigurationIndex-Multiplepreambles in the RACH Config Common IE.
By using a special set of PRACH resources and a dedicated preamble for Random Access with multiple preamble transmissions, the gNB knows which preambles belong to the same UE/RA attempt and the impact on UEs not needing multiple preamble transmissions (e.g. UEs supporting Rx/Tx reciprocity) is minimized.
[bookmark: _Toc480871675][bookmark: _Toc481061700][bookmark: _Toc481130526][bookmark: _Toc481140926][bookmark: _Toc481505913][bookmark: _Toc481684477][bookmark: _Toc481759047][bookmark: _Toc481867192][bookmark: _Toc484002739][bookmark: _Toc484587574][bookmark: _Toc484674233][bookmark: _Toc484674268][bookmark: _Toc484674413][bookmark: _Toc484692697][bookmark: _Toc485311242][bookmark: _Toc485311273][bookmark: _Toc485401933][bookmark: _Toc502646085][bookmark: _Toc503271839][bookmark: _Toc503369250][bookmark: _Toc503448241][bookmark: _Toc503448330][bookmark: _Toc505695754][bookmark: _Toc505696041][bookmark: _Toc505949951][bookmark: _Toc506467886]A special set of PRACH time and frequency resources is configured for multiple preamble transmissions.
[bookmark: _Toc484674234][bookmark: _Toc484674269][bookmark: _Toc484674414][bookmark: _Toc484692698][bookmark: _Toc480871676][bookmark: _Toc481061701][bookmark: _Toc481130527][bookmark: _Toc481140927][bookmark: _Toc481505914][bookmark: _Toc481684478][bookmark: _Toc481759048][bookmark: _Toc481867193][bookmark: _Toc484002740][bookmark: _Toc484587575][bookmark: _Toc484674235][bookmark: _Toc484674270][bookmark: _Toc484674415][bookmark: _Toc484692699][bookmark: _Toc485311243][bookmark: _Toc485311274][bookmark: _Toc485401934]Using a separate set of PRACH resources for multiple preamble transmissions would be beneficial since they could be configured differently compared to the PRACH resources for single preamble transmissions, taking the needs for the different use cases into account. For example, for multiple preamble transmissions. should be specified with a repetitive pattern with a tight spacing of the repetitions. 
Parameters for multiple preamble transmissions
The configuration for multiple preamble transmissions should also include the number of consecutive preamble transmissions occasions the UE can use. This would correspond to the number of different UL beams the UE can try and this also has an impact on the length of the RAR window, since the gNB must have time to transmit the RAR after the last preamble transmission before the RAR window expires. It should be observed that depending on how the Rach Occasions (RO) are configured, the gNB may not be able to determine which of the preamble transmissions it has detected. In this case the gNB must  be able to deduce of how long the RAR window extends after the last preamble transmission, to be sure to transmit the RAR before the RAR window expires.
[bookmark: _Toc502646086][bookmark: _Toc503271840][bookmark: _Toc503369251][bookmark: _Toc503448242][bookmark: _Toc503448331][bookmark: _Toc505695755][bookmark: _Toc505696042][bookmark: _Toc505949952][bookmark: _Toc506467887]The RACH configuration includes the number of consecutive preamble transmissions the UE can send.
Similar to the case with single preamble transmission, the RAR window length should be configurable. As there is one RAR window to handle all multiple preamble transmissions this would typically need to be longer than for an ordinary single preamble transmission. Depending on the number possible consecutive transmissions and how the RO are configured, the length may be different. This means that it is not efficient or possible to use the same parameter ra-ResponseWindowSize that is used for ordinary PRACH transmissions. Hence, we propose to use a new ra-ResponseWindowSize for multiple preamble transmissions. In case several PRACH resource configurations are valid in a cell, we think that each PRACH configuration could have its own ra-ResponseWindowSize.
[bookmark: _Toc505695757][bookmark: _Toc505696043][bookmark: _Toc505949953][bookmark: _Toc506467888]In case of multiple PRACH resource configurations in a cell, the RAR window length is configurable by a new ra-ResponseWindowSize for the Multiple preamble PRACH configuration.
Conclusion
In section 2 we made the following observations:
Observation 1	Depending on configuration, multiple preamble transmissions can give large gains for the time needed to perform an UL beam sweep, compared to single preamble transmissions.

Based on the discussion in section 2 we propose the following:
Proposal 1	A special set of PRACH time and frequency resources is configured for multiple preamble transmissions.
Proposal 2	The RACH configuration includes the number of consecutive preamble transmissions the UE can send.
Proposal 3	In case of multiple PRACH resource configurations in a cell, the RAR window length is configurable by a new ra-ResponseWindowSize for the Multiple preamble PRACH configuration.
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