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1 Introduction
This contribution discusses the random access procedure in NR on a high level. The goal is to find a common but flexible procedure that can efficiently cover all scenarios. Beamformed random access is described in more detail in [1]. The random access UE procedure discussed here is based on the framework presented in [2] and [3].
NR random access needs to support a wide range of scenarios and use cases. Furthermore, it should be flexible enough to support advanced features and service requirements identified later than Phase II specification. At the same time, a unified random access procedure should be targeted.
2 Example Scenarios – Rx/Tx Reciprocity at TRP and UE
In order to illustrate the range of UE behaviours, four scenarios are shown. The different scenarios are the result of different support for Rx/Tx reciprocity in the transmission reception point (TRP) and UE. Rx/Tx reciprocity means that the best Tx beam can be deduced from the best Rx beam, and vice versa. These scenarios are also described in our companion contribution [1].
The figures below show UL sweeping time intervals, during which multiple different TRP Rx beams are used. The sweeping time interval consists of one or more sweeping blocks. The UL sweeping time interval can be used for random access preamble transmission and reception.
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Figure 1: Without TRP or UE Rx/Tx reciprocity, the preamble has to be repeated using every combination of TRP Rx beam and UE Tx beam.
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Figure 2: If the UE supports Rx/Tx reciprocity (but not the TRP), the UE can directly use the best UE Tx beam to repeatedly transmit the preamble in multiple UL sweeping blocks in the same UL sweeping time interval. The best combination of TRP Tx & Rx beams can be found in one UL sweeping time interval. 
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Figure 3: If the TRP supports Tx/Rx reciprocity (but not the UE), the TRP can identify the best TRP Tx/Rx beam when receiving the preamble (transmitted in only one UL sweeping block). However, the UE might still have to try different UE Tx beams in consecutive UL sweeping time intervals.
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Figure 4: When both TRP and UE support Rx/Tx reciprocity, the best beam combination should be used directly in the first preamble transmission.

If neither TRP nor UE support Rx/Tx reciprocity, extensive beam sweeping have to be used, as illustrated in Figure 1. However, if either TRP or UE, or even both, support Rx/Tx reciprocity, the amount of beam sweeping should be reduced. In order to achieve this, the initial access should incorporate the following principles:
· The UE can identify the best TRP Tx beam, by receiving DL sweeping time intervals (see [4]).

· The UE can identify the best UE Rx beam to be used together with the best TRP Tx beam.

· The resource used by the UE to transmit a preamble is based on the best TRP Tx beam. This is called association below.

In Figure 1 and Figure 2, the UE repeats the preamble transmission multiple times (i.e. in multiple UL sweeping blocks) within an UL sweeping time interval. In Figure 3 and Figure 4, the UE repeats the preamble transmission once in an UL sweeping time interval, in a particular UL sweeping block. These two different UE behaviours depend on whether the TRP support Rx/Tx reciprocity or not. In one case, the UE selects and transmits multiple preambles from multiple resource subsets, where a resource subset for instance corresponds to one UL sweeping block within an UL sweeping time interval. In the other case, the UE selects and transmits a single preamble from a single resource subset, for instance corresponding to the sweeping block where the TRP uses the best TRP Rx beam. A unified random access UE procedure should support at least these two cases. An attempt to such a unified random access UE procedure is presented in the next section.
3 Unified Random Access UE Procedure
3.1 Before Random AccessThe following steps have been completed before random access.

· UE has performed cell search and DL synchronization
· UE has obtained the essential system information (SI) 
· UE has selected a cell
 The essential SI includes the cell-specific

· random access configuration.
The random access configuration includes the following:

· association between the DL sweeping blocks (i.e. beams) and 

· one or more subset(s) of random access resources and
· one or more set(s) of random access response (RAR) resources.
Proposal 1: Essential SI shall include a random access configuration, including per DL sweeping block one or more subset(s) of random access resources and one or more set(s) or RAR resources.
Note: If beamformed initial access is not supported or used, the random access configuration is common (i.e. not per DL sweeping block).
Selection of Subset(s) of Random Access Resources and RAR resourcesA subset of random access resources may be defined by parameters including the following:
· A set of time/frequency resources

· For example a set of subcarriers in an UL sweeping block
· The period with which the set of time/frequency resources, e.g. a sweeping block, is repeated

· A set of preambles
An example of a subset of random access resources is all preambles in one periodic UL sweeping block. 

Proposal 2: A subset of random access resources may include the following:

· A set of time/frequency resources, e.g. a set of subcarriers in an UL sweeping block
· The period with which the set of time/frequency resources, e.g. a sweeping block, is repeated

· A set of preambles

Based on the set of measurement results of the different DL sweeping blocks (e.g. corresponding to different beams), the UE selects the best/strongest one and then the corresponding subset(s) of random access resources. 
Different DL sweeping blocks are associated with different subsets of random access resources. For example, if the TRP supports Rx/Tx reciprocity, different DL sweeping blocks could be associated with all preambles in different periodic UL sweeping blocks. In another example, different DL sweeping blocks could be associated with different preambles in the same periodic UL sweeping blocks. The strongest/best DL sweeping block is used to select the subset(s) of preamble resources.
Proposal 3: The UE shall perform DL sweeping block measurement prior to random access, evaluate the best/strongest DL sweeping block and then select the corresponding random access configuration (both for random access attempt transmission and for RAR reception).
A set of RAR resources may be defined by parameters including the following:

· A set of time/frequency resources, defined in relation to the time/frequency resources used for preamble transmission.
An example of a set of RAR resources is one sweeping block in the first DL sweeping time interval (STI) following the preamble transmission(s). The temporary ID with which the UE is addressed may be a combination of the selected preamble and the used time/frequency resource.
Proposal 4: A set of RAR resources may be defined by parameters including the following:

· A set of time/frequency resources, defined in relation to the time/frequency resources used for preamble transmission.
3.2 Preamble (MSG1) Transmission When random access is triggered, the UE selects (e.g. pseudo randomly) a preamble from each selected subset of random access resources. Each of those preamble(s) is transmitted.
Proposal 5: When random access is triggered, for each random access attempt the UE shall transmit one preamble per each configured subset of random access resources.

If the UE does not support Rx/Tx beam reciprocity, it may need to repeat the preamble transmission(s) above using different UE Tx beams until a response is received or all UE Tx beams have been tried. However this could probably be left to UE implementation (i.e. no need to specify the UE behaviour).
Proposal 6: During different random access attempts, depending on UE implementation, the UE may transmit the preamble(s) (one per configured subset of random access resources) using different UE TX beams.

3.3 RAR (MSG2) Reception The UE attempts to receive RAR on the selected set of RAR resources.
The RAR informs which resource subset that carried the preamble that is responded to. The UE can use the mode of transmission, e.g. the UE Tx beam, used on that resource to also transmit MSG3. The RAR also contains the UL grant for the MSG3 transmission.
Proposal 7: RAR shall also include the information about which resource subset that carried the preamble that is responded to.

3.4 MSG3 Transmission The UE transmits the MSG3, according to the scheduling grant received in the RAR. The UE should use the same mode of transmission, e.g. the same UE Tx beam, as was used to transmit the preamble to which the RAR corresponded.
Proposal 8: The UE may use the information in RAR about which subset of preamble resources carried the preamble to use the same mode of transmission (e.g. the same UE TX beam) for msg3 transmission.
4 Example Associations
A key aspect of the unified random access procedure is the association between DL sweeping blocks (i.e. beams) and set(s) of random access resources. In order to illustrate, a few examples are presented here which relate to scenarios discussed in [1].

In one example with multiple sweeping blocks in sweeping time intervals, the different DL sweeping blocks are measured. The one with the highest signal strength is used to select a single resource subset in a corresponding UL sweeping block in UL sweeping time intervals, as illustrated in Figure 5. With this kind of association, the TRP can exploit reciprocity to receive the preamble with the best TRP Rx beam.
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Figure 5: Example association between the best beam and a single resource subset. The UE selects Resource subset n if beam n is the best. A single preamble is transmitted.
In another similar example with multiple sweeping blocks in sweeping time intervals, the one with the highest signal strength is mapped to multiple resource subsets, in this case resource subsets corresponding to all UL sweeping blocks. This results in that the UE transmits preambles in each UL sweeping block in an UL sweeping time interval, as illustrated in Figure 6. With this kind of association, the TRP can sweep different TRP Rx beams in order to detect a preamble and also find the best TRP Rx beam. This corresponds for instance to the cases where the TRP does not support reciprocity (see Figure 1 and Figure 2 above). Different resource subsets in the same time/frequency resource can have different sets of preambles, so that the TRP can deduce the best TRP Tx beam. Furthermore, different resource subsets in the same UL sweeping block can have different frequency resources.
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Figure 6: Example association between the best beam and multiple resource subsets. The UE selects Resource subset0,n to Resource subsetN-1,n if beam n is the best. A preamble from each of those Resource subsets is transmitted. 
In an example without multiple sweeping blocks in sweeping time intervals, i.e. similar to LTE, there is only a single signal to measure for the cell and only a single random access configuration, characterized by one or more resource subsets, resulting in one or more preamble transmissions, correspondingly.
5 Conclusion

Proposal 1: Essential SI shall include a random access configuration, including per DL sweeping block one or more subset(s) of random access resources and one or more set(s) or RAR resources.
Proposal 2: A subset of random access resources may include the following:

· A set of time/frequency resources, e.g. a set of subcarriers in an UL sweeping block

· The period with which the set of time/frequency resources, e.g. a sweeping block, is repeated

· A set of preambles

Proposal 3: The UE shall perform DL sweeping block measurement prior to random access, evaluate the best/strongest DL sweeping block and then select the corresponding random access configuration (both for random access attempt transmission and for RAR reception).
Proposal 4: A set of RAR resources may be defined by parameters including the following:

· A set of time/frequency resources, defined in relation to the time/frequency resources used for preamble transmission.

Proposal 5: When random access is triggered, for each random access attempt the UE shall transmit one preamble per each configured subset of random access resources.

Proposal 6: During different random access attempts, depending on UE implementation, the UE may transmit the preamble(s) (one per configured subset of random access resources) using different UE TX beams.

Proposal 7: RAR shall also include the information about which resource subset that carried the preamble that is responded to.

Proposal 8: The UE may use the information in RAR about which subset of preamble resources carried the preamble to use the same mode of transmission (e.g. the same UE TX beam) for msg3 transmission.
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