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Introduction
In this contribution we discuss the 4-step random access procedure in NR, in particular the random access configuration framework.
[bookmark: _Ref485244653]Random Access Configuration
DL Signals and PRACH groups
Below, we will use the term “DL signals” to denote either SSS + PBCH DMRS (“IDLE mode RS”) or CSI-RS, since we need to design a framework that supports both kinds of signals.
Furthermore, for convenience we can define a “PRACH group” as:
	Definition
· A PRACH group is a subset of PRACH resources and/or a subset of preamble indices.


PRACH groups are disjoint if any combination of PRACH resource and preamble is contained in at most one PRACH group.
It is also helpful to define a “PRACH time instance”:
	Definition
A. A PRACH time instance is the time instance of a PRACH transmission occasion. In other words, there may be multiple frequency multiplexed PRACH transmission occasions on the same PRACH time instance. 


Note that in [2], PRACH transmission occasion was defined as the time-frequency resource on which a PRACH can be transmitted (if multiple/repeated preamble transmission is configured, this counts as one PRACH transmission occasion). 
Configuration Framework Requirements
The random access configuration framework needs to be flexible, forward compatible and compact. It needs to support:
· a wide range of network (TRP) implementations such as various levels of TRP beam correspondence and analog/hybrid/digital beamforming implementations,
· association from both SS blocks and CSI-RS, for a wide range of number of signals,
· contention based and contention free random access,
· a wide range of use cases, such as handover, beam failure recovery request, on-demand SI request, etc,
· a wide range of preamble formats
For association between DL signals and PRACH groups, both one-to-one association and many-to-one association should be supported. 
· In one-to-one association, the DL Tx beam selected by the UE is implicitly indicated to the gNB by the PRACH group (RACH resource and preamble index) of the detected preamble.
· In many-to-one association, the DL Tx beam selected by the UE is not indicated to the gNB by the PRACH group. Instead, the gNB relies on digital beamforming and beam correspondence to obtain the DL Tx beam from the detected preamble, since the TRP can try all TRP Rx beams on the same received signal. The many-to-one association also includes the “non-association” that was captured in previous agreements.
PRACH groups consist of the time, frequency and preamble index dimension. The association between DL signals and PRACH time instances is also of interest:
· One-to-one association between DL signals and PRACH time instances (see Figure 1)
· E.g. TRP with analog beamforming and beam correspondence
· Many-to-one association between DL signals and PRACH time instance (see Figure 2)
· E.g. TRP with hybrid beamforming and beam correspondence or multi-TRP cell with analog beamforming and beam correspondence
· All-to-one association between DL signals and PRACH time instance (see Figure 3)
· E.g. TRP with analog beamforming and without beam correspondence or TRP with digital beamforming and beam correspondence


[bookmark: _Ref490085666]Figure 1 – One-to-one association between DL signals and PRACH time instances, for example for TRP with analog beamforming and beam correspondence.

[bookmark: _Ref490085683]Figure 2 – Many-to-one association between DL signals and PRACH time instances, for example for multi-TRP cell with beam correspondence.

[bookmark: _Ref490085911]Figure 3 – All-to-one association between DL signals and PRACH time instances, for example for TRP with analog beamforming and without beam correspondence.
The Number of Associated DL signals
The random access configuration should configure the association between DL signals and PRACH groups. Note that the number of DL signals may be quite different in different scenarios. The number may depend on 
· The number SS blocks (if SS blocks are used),
· The number of CSI-RS resources (if CSI-RS are used).
If SS blocks are used, the number of SS blocks can be either the maximum number of SS blocks (L) (for the carrier frequency) or the number of actually transmitted SS blocks. 
If the maximum number of SS blocks is always associated to PRACH groups and the number of actually used SS blocks is much lower, then the actually used PRACH resources would be unnecessarily spread out in time, especially with analog beamforming, causing longer latency until Msg1 transmission. Instead, it is more efficient to define the associations based on the actually transmitted SS blocks. To support this for IDLE UEs, the indication of the actually transmitted SS blocks should be included in the RMSI (see [1]).
Proposal 1: The SS block based association defines associations only for the actually transmitted SS blocks, if this is informed to the UE.
If the indication of the actually transmitted SS blocks is not informed to the UE, the association will have to be based on the maximum number of SS blocks.
Associations between DL signals and PRACH groups
In RAN1 NR_AH#2, it was agreed to configure the association between SS blocks and PRACH groups with a set of association configuration parameters:
	Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L)


The association configuration framework is illustrated in Figure 4. The input parameters are semi-statically configured in the random access configuration, either in RMSI or in a dedicated configuration by RRC signalling. Based on the preamble format, a set of time-frequency resources for PRACH are defined, for example with a resource configuration index as in LTE. This is the set that will be divided into subsets of PRACH resources. In the examples in Figure 1 to Figure 3, the set of time-frequency resources for PRACH is all blue boxes with the text PRACH.
The number of DL signals was discussed in the previous section. 
The association configuration parameters are also included in the random access configuration.
Based on a predefined rule, both gNB and UE can derive the PRACH groups and the associations between the DL signals and the PRACH groups.

[bookmark: _Ref490079601]Figure 4 – The association configuration framework. Based on the small set of parameters to the left, both UE and gNB can derive the PRACH groups and the associations.
The following bullets list input parameters to define PRACH groups and the associations between DL signals and PRACH groups: 
A. The number of DL signals
B. [bookmark: _Ref470725100]The PRACH preamble format
· Including various numbers of multiple/repeated preambles within a PRACH transmission
· This parameter is not directly used in the rule to define PRACH groups and associations, but it is needed to understand the time and frequency resources in the next bullet.
C. [bookmark: _Ref470884534]The time and frequency resources for PRACH transmission
D. [bookmark: _Ref470725228]The association time period, i.e. after how many PRACH time instances the same PRACH group is repeated.
· One value, e.g. 1, corresponds to the same PRACH groups repeating in each PRACH time instance. This configuration is useful in the case without TRP beam correspondence, i.e. there is no particular association from measurement result to PRACH time instance.
· Other values correspond to PRACH groups occurring in a subset of the PRACH time instances, e.g. every 16th PRACH time instance, which is useful for example in the case with TRP beam correspondence in an analog beamforming implementation, e.g. with 16 analog beams, i.e. measurement results are associated to subsets of PRACH time instances.
E. [bookmark: _Ref470725236]The number of PRACH groups per PRACH resource
· PRACH groups on the same PRACH resource are separated by different preamble subsets.
F. The number of preamble indices per PRACH group
· The subsets of preambles in the PRACH groups can be subdivided for the purpose of Msg.3 transmission resource size indication.
G. The number of associations per PRACH group
· To cover many-to-one association between DL signals and PRACH groups
The parameters listed under C correspond to the PRACH resource configuration in LTE, in that they define the available RACH resources. Note that different PRACH resources may be available to different UEs based on dedicated random access configurations.
Based on the set of PRACH time-frequency resources (C), the PRACH groups are defined by the parameters E and F above. 
Proposal 2: The set of PRACH time-frequency resources are divided into PRACH groups by the parameters:
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
Given the PRACH groups, an association rule can be specified that associates DL signals in the same time instance with PRACH groups in the same PRACH time instance, as far as possible.
Proposal 3: DL signals are consecutively associated with the PRACH groups using the parameters:
· The association time period
· The number of associations per PRACH group
Naturally, both UE and gNB need to use the same association rule. The framework described above is illustrated with a few examples below.
Example 1: TRP without beam correspondence doing analog Rx beam sweeping
In this example, the TRP sweeps through its analog Rx beams within one PRACH time instance. The UE conveys its best DL Tx beam through the subset of preamble indices. Example PRACH groups and associations are illustrated in Figure 5. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 4
· Number of preamble indices per PRACH group = 14
· Association time period = 1
· The number of associations per PRACH group = 1
Since the association time period is 1, the same pattern is repeated in each PRACH time instance.

[bookmark: _Ref490161292]Figure 5 – Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 2: TRP without beam correspondence doing analog Rx beam sweeping
Also in this example, the TRP sweeps through its analog Rx beams within one PRACH time instance. The UE conveys its best DL Tx beam through a combination of the frequency resource and the subset of preamble indices. Example PRACH groups and associations are illustrated in Figure 6. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 2
· Number of preamble indices per PRACH group = 28
· Association time period = 1
· The number of associations per PRACH group = 1
Since the association time period is 1, the same pattern is repeated in each PRACH time instance.

[bookmark: _Ref490163868]Figure 6 – Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 3: TRP with digital beamforming and partial beam correspondence
In this example, the TRP has digital beamforming and partial beam correspondence, which means that it can distinguish beam 0 (in SSB0) and beam 1 (in SSB1) as well as beam 2 and beam 3, but not beam 0 and beam 2 for example. Hence, in this configuration SSB0 and SSB1 are associated with the same PRACH group, as are SSB2 and SSB3. The gNB obtains the DL Tx beam by a combination of partial beam correspondence and through the subset of preamble indices. Example PRACH groups and associations are illustrated in Figure 7. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 2
· Number of preamble indices per PRACH group = 28
· Association time period = 1
· The number of associations per PRACH group = 2
Since the association time period is 1, the same pattern is repeated in each PRACH time instance.

[bookmark: _Ref490163881]Figure 7 - Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 4: TRP with digital beamforming and beam correspondence
In this example, the TRP has digital beamforming and beam correspondence. Hence, the gNB can perform PRACH detection using all digital UL Rx beams on the same received signal. The gNB obtains the DL Tx beam by beam correspondence with the UL Rx beam that was used to detect the preamble. Example PRACH groups and associations are illustrated in Figure 8. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 1
· Number of preamble indices per PRACH group = 56
· Association time period = 1
· The number of associations per PRACH group = 4
Since the association time period is 1, the same pattern is repeated in each PRACH time instance.

[bookmark: _Ref490164537]Figure 8 - Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 5: TRP without beam correspondence doing analog Rx beam sweeping
In this example, the TRP sweeps through half of its analog Rx beams within one PRACH time instance. In one PRACH time instance, it sweeps through beam 0 and 1 and in the next PRACH time instance it sweeps through beam 2 and 3. The UE conveys its best DL Tx beam through a combination of the time resource and the subset of preamble indices. Example PRACH groups and associations are illustrated in Figure 9. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 2
· Number of preamble indices per PRACH group = 28
· Association time period = 2
· The number of associations per PRACH group = 1
Since the association time period is 2, the same pattern is repeated every 2nd PRACH time instance.

[bookmark: _Ref490165303]Figure 9 - Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 6: TRP without beam correspondence doing analog Rx beam sweeping
Also in this example, the TRP sweeps through half of its analog Rx beams within one PRACH time instance. In one PRACH time instance, it sweeps through beam 0 and 1 and in the next PRACH time instance it sweeps through beam 2 and 3. The UE conveys its best DL Tx beam through a combination of the frequency resource and the subset of preamble indices. Example PRACH groups and associations are illustrated in Figure 10. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 1
· Number of preamble indices per PRACH group = 56
· Association time period = 2
· The number of associations per PRACH group = 1
Since the association time period is 2, the same pattern is repeated every 2nd PRACH time instance.

[bookmark: _Ref490165835]Figure 10 - Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Example 7: TRP with analog beam correspondence
In this example, the TRP with analog beamforming has beam correspondence. In one PRACH time instance, it uses a single UL Rx beam. The UE conveys its best DL Tx beam through the time resource. Example PRACH groups and associations are illustrated in Figure 11. These PRACH groups and associations can be generated by the following parameters:
· Number of PRACH groups per PRACH resource = 1
· Number of preamble indices per PRACH group = 56
· Association time period = 4
· The number of associations per PRACH group = 1
Since the association time period is 4, the same pattern is repeated every 4th PRACH time instance.

[bookmark: _Ref490166901]Figure 11 - Illustration of PRACH groups and associations generated by one set of parameters (see above). The colours show the associations between SS blocks (SSB) and PRACH groups.
Contention-free Random access
CONNECTED mode random access in NR may be applicable for the use-cases in LTE such as handover, establishing UL sync, scheduling request, etc, but possibly also for new use cases such as beam recovery. The issues with analog beamforming and beam correspondence also apply to contention-free random access. Therefore, the same kind of framework with association between DL signals and PRACH groups should be applied to this case. This means that also scenarios with multiple PRACH groups, distinguished by disjoint subsets of preambles, within one PRACH time instance should be supported. In such cases, the UE might not be configured with a single (dedicated) preamble index, but with a dedicated preamble index per PRACH group. These can be seen as single-preamble PRACH groups, disjoint with the PRACH groups used for contention-based random access. The association framework enables beamformed reception of PRACH (in the case of TRP beam reciprocity) and best DL Tx beam indication, also for contention-free random access. Considering the examples in the figures above, the dedicated preambles for contention-free random access can be allocated from the non-allocated preamble indices between the (coloured) subsets of indices reserved for contention-based random access.
Proposal 4: In contention-free random access, the UE can be configured with a (possibly different) preamble per PRACH group.
[bookmark: _Ref470328244]Msg.1 Transmission
In RAN1 NR_AH#2, it was agreed for contention free random access to support multiple Msg.1 transmissions, but only for dedicated RACH transmission occasions in time domain.
	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


In the note, it is required that the multiple Msg.1 transmission must occur in time resources different from contention based random access. This limitation is not reasonable in many scenarios. For example, consider the case that the network wants to configure multiple Msg.1 transmissions for a single UE. Following the limitation of the first note, the network needs to allocate dedicated multiple RACH resources in which only a single preamble index is reserved. Instead of unnecessarily allocating dedicated RACH transmission occasions for the single UE, the network could reserve a single (dedicated) preamble during RACH transmission occasions used for contention based random access. There is no need to restrict the configuration of the contention free random access unnecessarily.
Proposal 5: For contention free random access, a UE can be configured to transmit multiple Msg.1 with a dedicated preamble over multiple RACH transmission occasions in time domain before the end of a monitored RAR window. 
· Transmission in RACH resources also used for contention based random access is supported.
· Transmission in RACH resources not used for contention based random access is supported.
Msg.2 Reception
As discussed in [3], there are several scenarios where multiple Msg.2 can be transmitted to a UE within a random access attempt, such as multiple Msg.1 transmission and reception of the same Msg.1 at distributed TRPs connected with non-ideal backhaul. In order to improve the subsequent communication in such scenarios, it should be possible to configure a UE that it doesn’t have to terminate the Msg.2 reception after the first successfully received Msg.2. If a UE receives multiple Msg.2, it should select one of them as a basis for Msg.3 transmission. The selection of Msg.2 can be based on Msg.2 received signal strength; Msg.1 received signal strength included in the Msg.2 and possibly other content in Msg.2.
Proposal 6: UEs can be configured to try to receive multiple Msg.2 within one monitored RAR window. 
Conclusions
The following proposals have been made: 
Proposal 1: The SS block based association defines associations only for the actually transmitted SS blocks, if this is informed to the UE.
Proposal 2: The set of PRACH time-frequency resources are divided into PRACH groups by the parameters:
· The number of PRACH groups per PRACH resource
· The number of preamble indices per PRACH group
Proposal 3: DL signals are consecutively associated with the PRACH groups using the parameters:
· The association time period
· The number of associations per PRACH group
Proposal 4: In contention-free random access, the UE can be configured with a (possibly different) preamble per PRACH group.
Proposal 5: For contention free random access, a UE can be configured to transmit multiple Msg.1 with a dedicated preamble over multiple RACH transmission occasions in time domain before the end of a monitored RAR window. 
· Transmission in RACH resources also used for contention based random access is supported.
· Transmission in RACH resources not used for contention based random access is supported.
Proposal 6: UEs can be configured to try to receive multiple Msg.2 within one monitored RAR window. 
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