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Introduction
In the RAN1 #88bis meeting, the following were agreed [1]:

Agreements:
· NR supports indication of PRACH resource allocation for non-contention based random access for a UE
· FFS on how the PRACH resource is indicated for the UE
· Note: PRACH resource refers to time/frequency/code resources of the PRACH preamble
In the RAN1 adhoc meeting, the following were agreed [2]:
Agreements:
· For contention-free random access, the following options are under evaluation
· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window
· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1
· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window

This contribution considers non-contention based random access for NR, including procedures, potential applications, as well as corresponding PRACH resource configuration.
Non-contention based random access for NR
Procedure and applications of non-contention based random access
Since there is no collision issue for non-contention based random access, the procedure of non-contention based random access is much simplified and only consists of two steps. In the first step, UE transmits configured preamble on the PRACH and in the second step, UE receives random access response. 
The non-contention based random access can be used in various cases. As an example, in hand-over case, the target gNB will configure dedicated preamble as well as PRACH to UE and UE will perform non-contention based random access. In NR, besides the applications which have already been adopted in legacy LTE, new applications will arise due to the multi-beam operations. One example is that, if gNB can trigger the beam recovery or beam refinement procedure, PRACH with non-contention based random access will be a good choice.
On the other hand, some new requirements from NR also make non-contention based random access inefficient. To maintain high data rate, fast hand-over is essential with stringent delay constraint. However, due to the density of  the PRACH might be low, using those PRACH may not be enough which would lead to large delay, which cannot fulfill the delay requirement for fast hand-over.
Observation 1: Conventional PRACH configuration for non-contention based random access may not be efficient to achieve fast handover in NR.

Resource configuration for non-contention based random access
For non-contention based random access, the PRACH resource can be indicated by PRACH configuration index, as the same with contention-based random access. However, as discussed above, these PRACH  may not be efficient enough for some use cases in NR. 
To satisfy the delay requirement, besides the PRACH configuration, one potential solution is to allocate dedicated resource for fast access. This dedicated resource is used to transmit preamble (Msg 1) and two types of resources, i.e. PRACH and dedicated resource, are allocated to UE, to provide more chances to access. Two options are listed as follows.
a. Dedicated resource with no periodicity is allocated to UE along with typical PRACH configuration, as shown in Fig. 1. For this option, UE will use the dedicated resource to transmit preamble. If a UE fails, the UE will use the configured PRACH to perform random access in a non-contention based manner.


Fig. 1. Option a
b. Dedicated resources with periodicity are allocated to UE along with PRACH configuration, as shown in Fig. 2. For this option, UE can use resource (including PRACH and dedicated resource) with smallest delay to transmit preamble. The re-attempt is also performed on the resource with smallest delay, if the first attempt fails. 


Fig. 2. Option b
Compared with opt. a, opt. b is more resource consumptive. However, the density of the RA opportunity allocated for non-contention based random access is increased. As a result, the delay can be much smaller since more chances can be used for preamble transmission, even if the first attempts fail.
Based on previous discussion, we have following proposal.
Proposal 1: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.

Multiple Msg.1 transmission
During last meeting, three options are proposed to be the RACH Tx occasion configuration for contention free case, According to the latest agreement on RACH configuration, there will be two kinds of options available:
· Option 1: allow ONLY one Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 3. 

 Fig. 3 only one Msg. 1 transmission before RAR window
· Option 2: allow multiple simultaneous Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 4. Note that a UE could only transmit multiple Msg. 1 in these RACH transmission occasions which are configured in frequency domain.

 Fig. 4 two simultaneous Msg. 1 transmissions before RAR window
· Option 3: allow multiple Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 5. Note that some RACH transmission occasions could be configured in time domain.


Fig. 5 two Msg. 1 transmissions before RAR window
For contention free scenario, e.g., handover case, a UE will receive the RACH resource (Tx occasion) configuration via the serving cell signaling. In LTE, a UE can be configured with multiple RACH resources but only select one of them to transmit one Msg. 1. In order to avoid contention with other UEs and reduce the access delay as much as possible, the UE will be assigned with a dedicated preamble. Therefore, similar philosophy could be applied in NR design. 
In addition to the available preamble and PRACH resource, the UE capability on beam correspondence is also taken into account. For UEs with/without beam correspondence, the discussion of pros and cons of the above three options are given below.
If following the LTE configuration, several RACH Tx occasions are available before the RAR window:
· For option 1, all the UEs have to just select one of the Tx occasion to transmit Msg. 1. If the UE holds the beam correspondence, this may be fine as during the downlink measurement, it may already find the best DL Rx beam thus also find the preferred UL Tx beam to transmit Msg. 1. On the other hand, for the UE without beam correspondence, the preferred UL Tx beam to be used for the target cell might be unknown yet, e.g., it has three UL Tx beam and for the Msg. 1 transmission, it has to determine the UL Tx beam by random selection. In this case, this UE might need to conduct several RACH re-attempts until finally get accessed to new cell, for which case the access delay could be not acceptable for handover scenario.
Observation 2: Option 1 is only beneficial to UE with beam correspondence and may significantly increase the access delay for UE without beam correspondence.
· For option 2, the UE could send multiple Msg. 1 but restrained in the same time before receiving the RAR. Due the property of the analog beamforming, the UE could maybe only generate beam for one direction at one time unless it has multiple panels. Thus, the issue raised in the above is still there that a UE without beam correspondence needs to try several RACH attempt and the access delay might be still unacceptable. For another setting that UE uses the same RACH resource but with different preambles, it seems not appropriate to do so as the UE will be assigned with the dedicated preamble in the handover case in which the contention is avoided. Besides, multiple antenna panels are still needed to transmit in different direction. The benefit of assigning more than one preamble to the UE is not clear.
· For option 3, the UE could select multiple RACH Tx occasions for multiple Msg. 1 transmissions. To the UE without beam correspondence, it could take the advantage to transmit Msg. 1 via different UL Tx beams and access the new cell with less delay, because for option 1, the UE doesn’t know whether the random access failure is due to wrong direction or insufficient power, so it might try all the direction before power ramping, or it could hold the same direction but keeps power ramping up. No matter how, the UE may face the risk to take a long time until successfully access. Thus, the multiple RACH Tx occasions could allow a UE to try with the direction first. Note that this doesn’t imply the RACH Tx occasion configuration should be based on the number UE UL Tx beam. For example, it could happen that one UE has 8 UL Tx beams but the available RACH Tx occasions are less than 8 due to the resource limit. The idea of allowing multiple Msg. 1 transmissions via multiple RACH Tx occasions in time domain is to generally reduce the access delay. On the other side, for the UE with beam correspondence, it could just select one of the RACH Tx occasion as in the option 1. 
Observation 3: option 3 could be beneficial to both UEs with/without beam correspondence.
Consider in the practical scenarios, UEs with and without beam correspondence both exist. The design of random access procedure for contention free case targets to allow the UE to access the new cell as soon as possible. Moreover, the RACH procedure design for multi-beam operation should not significantly sacrifice any types of UE. Thus, option 3 should be supported at least for random access in contention free scenario. 
Proposal 2: Option 3 should be supported at least for random access in contention free scenario.

Conclusion
This contribution considered non-contention based random access, including procedure, application and resource configuration. Based on the discussion above, we have following observation and proposal.
Observation 1: Observation 1: Conventional PRACH configuration for non-contention based random access may not be efficient to achieve fast handover in NR.
Observation 2: Option 1 is only beneficial to UE with beam correspondence and may significantly increase the access delay for UE without beam correspondence.
Observation 3: option 3 could be beneficial to both UEs with/without beam correspondence.
Proposal 1: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.
Proposal 2: Option 3 should be supported at least for random access in contention free scenario.
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