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1 Introduction
This contribution is a re-submission of R1-1718359.

During the NR SI, the following was agreed [1]

“NR defines that 
-
a random access preamble format consists of one or multiple random access preamble(s),

-
a random access preamble consists of one preamble sequence plus CP, and

-
one preamble sequence consists of one or multiple RACH OFDM symbol(s) 

UE transmits PRACH according to the configured random access preamble format.”

“For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam.”

“At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam. Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices. A preamble index consists of preamble sequence index and OCC index, if OCC is supported. Note that a subset of preambles can be indicated by OCC indices..”
“NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window.”

Furthermore, during RAN1 AH June 2017, the following was agreed [2]:
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 

At the RAN2 #99 meeting, the follow was agreed [6]:
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 design considerations for a contention-free RACH procedure using multiple Msg1 transmissions in time domain before the end of a monitored RAR window.  

2 Discussion
It has been agreed that multiple Msg1 transmission in time domain before the end of one RAR window is supported for contention-free RACH procedure.  For example, when TX/RX beam correspondence is not present, a UE can apply such a RACH procedure to enable a UE TX beam sweeping as shown in Figure 1 in order to increase the preamble transmission success and reduce the latency.
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Figure 1 Multiple Msg1 transmissions in time domain before the end of one RAR window (UE TX beam sweeping) 
A contention-free RACH configuration therefore includes a number of RACH transmission occasions allowed for one monitored RAR window and the interval between the RACH transmission occasions, for example using a contention-free RACH transmission occasion set.  The configuration of the RACH transmission occasion set, for example the number of RACH transmission occasion and whether they can be also used for contention-free RACH transmission should be evaluated, specifically considering the ambiguity in TRP RACH detection caused by the multiple Msg1 transmissions from one UE.  
Observation 1: Multiple Msg1 transmissions from one UE before the end of a RAR window can cause ambiguity when:

· TRP detects one Msg1 transmission from one UE during the multiple Msg1 transmissions
· TRP detects multiple Msg1 transmissions from one UE during multiple Msg1 transmissions
Hence It is important that a TRP is able to determine the time instance of the 1st RACH transmission occasion regardless during which RACH transmission occasion it detects a Msg1 transmission, e.g. in the middle of a UE TX beam sweeping.  This can be enabled by having dedicated time and/or frequency resource for the RACH transmission occasion set used only for the multiple Msg1 transmission.  
The TRP will monitor these resource allocations with explicit knowledge of the order of each transmission occasion from one UE.  For example, when a TRP detects a preamble in the 3rd RACH transmission occasion in a configured transmission occasion set including four such transmission occasions, the TRP will know there are two previous missed preambles and one more preamble before the end of the multiple Msg1 transmissions.  Without this knowledge, it is difficult for TRP to time the RAR transmission for example if RAR window start is relative to the end of the multiple Msg1 transmission.  Dedicated RACH transmission set thus allows the TRP to process multiple Msg1 transmissions from one UE and transmit a RAR corresponding to one or multiple detected Msg1 transmissions accordingly.  This will also avoid ambiguity when a TRP receives Msg1 transmissions from one UE in different UE TX beams at different transmission occasions
Proposal 1:
Support dedicated time and/or frequency resource configuration used for multiple Msg1 transmission in time domain before the end of one RAR window.  

The RAR window configuration can be based on the RACH transmission occasion set parameters for example the time instance of the 1st RACH transmission occasion, the number of configured transmission occasions and the time interval between them. The configuration will enable the TRP to determine the time instance of the 1st RACH transmission occasion, i.e. the start of the RACH transmission occasion set based on any Msg1 transmission received during the multiple Msg1 transmission.  
Accordingly, the UE sets a RAR window with timing reference to RACH transmission occasion set and monitors the RAR using specific RA-RNTI also based on these parameters. Thus RAR window start and length can have different options as shown in Figure 1 above.  
The options for RAR window start position can include:

· Start at a fixed timing offset after the end of the first RACH transmission occasion of the used RACH transmission occasion set (Opt-1)

This implies the UE starts RAR monitoring while continuing RACH transmission at the remaining transmission occasions of the used RACH transmission occasion set. The RAR window length therefore includes a large part of the duration of the used RACH transmission occasion set.  
One benefit of this RAR window start is allowing the TRP to transmit a RAR immediately after a detected Msg1 during multiple Msg1 transmission so that the UE can terminate the multiple Msg1 transmission when the RAR is received.  This will considerably reduce the latency inherent to the multiple Msg1 transmission and also the processing by UE and TRP.    
· Start at a fixed timing offset after the end of the last RACH transmission occasion of the used RACH transmission occasion set (Opt-2)

In this option the RAR window length is independent from the RACH transmission occasion set duration.  The UE only starts monitoring RAR after all configure Msg1 transmissions are performed. This implied that the TRP will not transmit a RAR until it performs RACH detection at each of RACH transmission occasion of the used RACH transmission occasion set.  
The advantage with this option is the TRP may help UE identify the best UE TX beam based on the RACH detection result of each RACH transmission occasion of the used RACH transmission occasion set.  For example, the TRP can indicate to the UE the index of the RACH transmission occasion with the best RACH detection result.  The UE will consider the UE TX beam used for the signaled RACH transmission occasion as the best UE TX beam for Msg3 transmission.   
At RAN2 #99 meeting Opt-1 has been agreed and the RAR window starts after transmission of the first preamble after an “offset”.  In addition, it is agreed in RAN2 [4] that the RAR window starts a fixed duration after the preamble transmission occasion, irrespective of if there are several PRACH configurations. The fixed timing offset can be zero or a small value depending on UE capability and will be further studied in RAN1. Note in LTE according to TS 36.321 RAR window starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes.  

Proposal 2:
Support configurable RAR window length associated with the duration of the transmission occasion set configured for the multiple Msg1 transmission.  

The use of dedicated resource configuration of the RACH transmission occasion set and the RAR window configuration will allow an unambiguous definition of RA-RNTI used for the multiple Msg1 transmission.  It is agreed in RAN2 [6] that a UE monitors multiple RA-RNTIs and each  RA-RNTI is associated to the RACH transmission occasion in which the preamble was transmitted.  The RA-RNTI computation can be similar to LTE based on slot/mini-slot index and the frequency resource allocation information of the each RACH transmission occasion of the configured RACH transmission occasion set. A RACH transmission occasion set index can be also considered for RA-RNTI computation.  In general, the design shall consider UE RA-RNTI blind decoding processing given NR’s frame structure and numerology configuration.  
Proposal 3:
Support computing RA-RNTI for each Msg1 transmission based on the its time and frequency resource allocation.
The power of each Msg1 transmission can be set in relation with the beamforming configuration at each RACH transmission occasion. For example, the multiple Msg1 transmission can be configured to use
· Different UE TX beam based on a UE TX beam sweeping and same power of each Msg1 transmission (without beam correspondence) 
· Same UE TX beam selected based on target TRP’s downlink beam CSI-RS measurement and incremental power for each consecutive Msg1 transmission (with beam correspondence) 

The transmit power of each beam can be based on the measurement of downlink beam for example CSI-RS of a target cell beam in HO scenario. Depending on the CSI-RS density in time domain, RACH transmission occasion interval duration and UE processing, the UE may update the downlink beam measurement for example path loss and in turn adjust the transmit power of remaining Msg1 transmissions in the configured RACH transmission occasion set.  
Proposal 4:
Support using the most recent path loss estimate for multiple Msg1 transmission when multiple Msg1 transmission uses different beams.
When the same UE TX beam is used for the multiple Msg1 transmission, power ramping may be considered to improve the RACH success of Msg1 transmissions and reduce RACH latency, for example when the power used in the previous Msg1 transmission is low due to a downlink beam measurement accuracy or channel condition change.  Note as discussed above the UE can start RAR monitoring immediately after the first Msg1 transmission and stop the multiple Msg1 transmission when RAR is received. Thus there will not be unnecessary power ramping.  The MAC configuration of multiple Msg1 transmission may include indication to perform power ramping and related parameters such as step size.  
In addition to power setting, additional parameters can be included in the MAC configuration for multiple Msg1 transmissions using the same beam.  For example, different frequency resource block can be configured for each Msg1 transmission in order to take advantage of frequency diversity.  Considering the multiple Msg1 transmissions are performed before the end of the RAR window, all these transmission parameters of all configured Msg1 transmissions as well as the RACH transmission occasion set will be pre-configured prior to the start of the multiple Msg1 transmission.  
Proposal 5:
Support pre-configuration of different transmission parameters for consecutive Msg1 transmission using the same UE TX beam, for example, power ramping step and frequency resource block.  
3 Conclusion

This contribution discusses design considerations for a contention-free RACH procedure using multiple Msg1 transmissions in time domain before the end of a monitored RAR window.  The following observations are made:

Observation 1: Multiple Msg1 transmissions from one UE before the end of a RAR window can cause ambiguity when:

· TRP detects one Msg1 transmission from one UE during the multiple Msg1 transmissions

· TRP detects multiple Msg1 transmissions from one UE during multiple Msg1 transmissions

The proposals based on the discussions above are summarized below:
Proposal 1:
Support dedicated time and/or frequency resource configuration used for multiple Msg1 transmission in time domain before the end of one RAR window.  

Proposal 2:
Support configurable RAR window length associated with the duration of the transmission occasion set configured for the multiple Msg1 transmission.  

Proposal 3:
Support computing RA-RNTI for each Msg1 transmission based on the its time and frequency resource allocation.

Proposal 4:
Support using the most recent path loss estimate for multiple Msg1 transmission when multiple Msg1 transmission uses different beams.

Proposal 5:
Support pre-configuration of different transmission parameters for consecutive Msg1 transmission using the same UE TX beam, for example, power ramping step and frequency resource block.  
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