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Introduction
In this contribution we discuss the 4-step random access (RA) procedure in NR, in particular random access on SUL, RA-RNTI design and the configuration of associations between DL signals and PRACH resources. Random access resource configuration is discussed in [4].
[bookmark: _Ref470328244][bookmark: _Ref485244653]Random Access on Supplementary UL (SUL)
The following was agreed in RAN1#90:
	Agreement-1:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
Agreement-2:
· Each UL carrier (including SUL) available for initial access has its own separate power control configuration.
· Power adjustment for SUL should be taken into account in the uplink power control
· The power adjustment for SUL can be used to compensate the difference between a pathloss estimate for the SUL frequency and the path loss estimated on the DL carrier where the UE receives the RMSI.
· Note: it may be possible to include the power adjustment in P0.


These agreements should be reflected in the NR RA procedure, as illustrated in Figure 1. Besides one mandatory RA configuration, an optional supplementary RA configuration can be included in the RMSI. The reason for making SUL RA configuration optional is because not all UEs are mandated to support SUL operation, and some UEs supporting SUL operation may not support all RAN4 defined SUL band combinations. With this optional supplementary RA configuration defined, if and only if a supplementary RA configuration is included in the RMSI and the UE supports UL transmission on the SUL band and the measured RSRP is below the threshold, then the UE performs RA on the SUL, according to the supplementary RA configuration. Otherwise, the UE performs RA according to the primary RA configuration.

[bookmark: _Ref494470842]Figure 1 – Part of RA procedure involving SUL selection.
In other words, following Agreement-1, it should be possible to include a supplementary RA configuration, in addition to the mandatory primary RA configuration, in the RMSI. 
Observation 1: RMSI can contain one (mandatory) primary RA configuration and one (optional) supplementary RA configuration.
This supplementary RA configuration would include the UL-related RA configuration for RA on the SUL, such as PRACH resource, association and power control configurations. 
Proposal 1: UL related RA parameters can be configured in the primary RA configuration or in both the primary and supplementary RA configuration. The parameters include:
· Preamble format
· Resource configuration
· Association configuration
· Msg3 configuration
· Common PUCCH configuration for Msg4 ACK
· UL power control parameters
· UL frequency
Now considering the DL part of the RA procedure, this is shared between the primary RA and the supplementary RA, with the possible exception of the RMSI threshold mentioned in Agreement-1, if configurable. Hence, it is sufficient with a single DL configuration in the RMSI that is shared between the primary RA and the supplementary RA.
Proposal 2:  The DL related RA parameters are configured only in the primary RA configuration and reused by the optional supplementary RA configuration, if configured. The parameters include:
· CORESET(s) for Msg2 and/or Msg4, if defined
· RAR window configuration
· Actually transmitted SS blocks
The primary and supplementary RA configurations in RMSI are illustrated in Figure 2.

[bookmark: _Ref494476568]Figure 2 – Illustration of primary and supplementary RA configurations in RMSI.
A UE may use the supplementary RA configuration if only if the RSRP is below a threshold, according to Agreement-1. Further details of the RSRP and threshold are discussed below.
The motivation to use an RSRP threshold to select either the primary or supplementary RA configuration is that the supplementary RA configuration is applied to a SUL with better UL coverage than the carrier to which the primary RA configuration is applied. UEs in good coverage conditions should use the primary RA configuration while UEs in bad coverage conditions should use the supplementary RA configuration, if it’s configured.
However, it should be noted that different UEs may have different maximum UE transmit powers. Consequently, different UEs may have different UL coverage. Therefore, it may be more reasonable to consider the calculated power headroom of the initial PRACH transmission (based on the primary RA configuration), instead of RSRP. The power headroom better reflects if the UE is close to or even already outside UL coverage and if there is room for power ramping if the first PRACH transmission fails.
Observation 2: Power headroom of initial PRACH transmission using primary RA configuration may better reflect UEs’ UL coverage than RSRP.
Agreement-1 doesn’t clearly state which measured RSRP to use for comparison with a threshold. It seems reasonable to use the SS/PBCH-RSRP used for PRACH resource selection, since this RSRP is applicable during the RA procedure.
Proposal 3:  SS/PBCH-RSRP of the SS block used for PRACH resource selection is used for comparison with a threshold.
Another issue that should be clarified is that the “completion” in the context of “the RACH procedure is completed with all uplink transmission taking place on that carrier” should refer to the status that the RACH procedure either succeeds or fails (due to the preamble transmission counter exceeding preambleTransMax). It cannot be guaranteed that the initial RACH procedure is successful on the SUL before preamble transmission counter exceeds preambleTransMax. The normal UL carrier should be a default fallback UL carrier for the initial access procedure since there is no unexpected interference or other uncontrollable factors from other RATs in the normal UL carrier.
Proposal 4: The initial RACH procedure is completed with all uplink transmission taking place on the same carrier (NR normal UL or SUL) on which it started, where the “completion” means the initial RACH procedure either succeeds or fails.
Other aspects of SUL are further discussed in [7].
PRACH Time Instance
It is helpful to define a “PRACH time instance”:
	Definition
· 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). 
RA-RNTI
In LTE, the main purpose of RA-RNTI and RAPID is to address a RAR to a specific UE (or UEs in case of contention) that transmitted a specific preamble (with a RAPID) in a specific RACH transmission occasion (with an RA-RNTI). A UE that has transmitted a preamble (with a RAPID) in a certain RACH transmission occasion (corresponding to an RA-RNTI) will monitor the common control channel during the configured RAR window. If the UE decodes a PDCCH with the CRC scrambled with the RA-RNTI, it will try to receive the corresponding PDSCH, and only proceed with a RAR that includes the correct RAPID. In other words, RA-RNTI and RAPID are jointly used to respond to a particular PRACH transmission. A similar approach can be taken in NR.
PRACH preamble transmissions are multiplexed in the time, frequency and index (i.e. code/signature) domains. When SUL is configured for PRACH transmission, PRACH preamble transmissions are also carrier multiplexed (which is a form of frequency multiplexing). In one particular CORESET in time, the RA-RNTI and RAPID need to be able to address all PRACH preamble transmissions for which UEs monitor the particular CORESET for a RAR, as illustrated in Figure 3.
Observation 3: The multiplexing of PRACH on the normal UL carrier and SUL needs to be considered in the design of RA-RNTI and RAPID.
Observation 4: The maximum number of PRACH time instances that need to be addressed by RA-RNTI depends on the maximum number of PRACH time instances within the maximum duration RAR window.

[bookmark: _Ref494481613]Figure 3 – The RAR windows (in green) corresponding to the PRACH transmission occasions (in blue) cover the same CORESET (in yellow). The RAR scheduled on the CORESET (in yellow) needs to be able to address preambles in all these PRACH transmission occasions.
Even though the maximum RAR window duration in NR has not been decided, it is clear that the maximum RAR window duration can contain many more PRACH time instances in NR than in LTE, for instance due to PRACH with higher subcarrier spacing. For example, considering a 10 ms maximum RAR window duration containing a maximum of 40 PRACH slots (e.g. assuming 120 kHz SCS PRACH) and 12 PRACH time instances per PRACH slot, a maximum of 480 PRACH time instances would have to be uniquely addressed in a single CORESET, which is much higher than in LTE (10 different time instances). There are several ways to handle this in NR, for example:
· Option 1: All relevant PRACH transmissions occasions are uniquely addressed using RA-RNTI, which is based on the PRACH time index within a PRACH slot,
· E.g. RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id), where
· The PTID (e.g. 0-11) is the PRACH Time instance Index (ID) within a PRACH slot and M is greater than or equal to the maximum number of PRACH time instances within a PRACH slot, e.g. 12.
· t_id is the PRACH slot index and N is greater than or equal to the maximum number of RACH slots within the maximum RAR window duration, 
· f_id is the frequency index (incl. SUL).
· Option 2: All relevant PRACH transmission occasions are uniquely addressed using a combination of RA-RNTI and explicit PTID in RAR. 
· E.g. RA-RNTI = 1 + t_id + (N*f_id), 
· The PTID (4 bits) is included in each RAR just as RAPID.
· Option 3: PRACH transmission occasions are addressed using RA-RNTI, which is based on the SS block index used for PRACH resource selection,
· E.g. RA-RNTI = 1 + t_id+ N*SSB_id + N*Y*f_id, where SSB_id is the SS block index used for RACH resource selection and Y is for example 80.
The different options have different benefits and drawbacks in different scenarios.
Option 1 gives each time instance within the time window a unique RA-RNTI. For scenarios with many PRACH transmission occasions per PRACH slot, this may result in a high DCI load for RARs. Still, RARs corresponding to different RAPIDs within one PRACH transmission occasion can still be multiplexed in the same MAC PDU.
Option 2 instead includes an explicit PTID field in the RAR. This results in higher RAR payload, but also allows the multiplexing of RARs with different PTID in the same PDU. However, this may be applicable in some scenarios only, e.g. a single actually transmitted SS block and more than one PRACH time instance per PRACH slot.
Option 3 is similar to Option 1, but replaces the PTID with the SS block index in the RA-RNTI formula. This is beneficial is some scenarios, for example when multiple SS blocks are associated with the same PRACH time instance. This is a suitable association for example when the TRP has digital Rx beamforming and beam correspondence capabilities (see Example 4 in section 5.7). However, Option 3 cannot support the scenario with the same SS block being associated with different PRACH time instances in a PRACH slot. Such an association is feasible for example with a single actually transmitted SS block and two PRACH time instances per PRACH slot. In this case, the gNB cannot uniquely address two UEs that transmitted the same RAPID in different PRACH time instances in the same PRACH slot.
Based on the discussion above, we propose the following.
Proposal 5: Each PRACH transmission occasion in the maximum RAR window duration has a unique RA-RNTI, computed based on the PRACH Time instance Index (PTID) within the PRACH slot, the PRACH slot index (t_id) and the frequency index (f_id), which potentially also includes SUL index, e.g.
· RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id)
Random Access Configuration
PRACH groups
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.
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 (below we use SS block for illustration),
· contention based and contention free random access,
· a wide range of use cases, such as handover, beam failure recovery request, on-demand SI request, beam reporting for paging, etc,
· a wide range of preamble formats and PRACH slot formats,
· frequency multiplexed PRACH transmission occasions.
For association between SS blocks 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 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 dimensions. The association between SS blocks and PRACH time instances is a consequence of the association between SS blocks and PRACH groups. Associations to be supported are:
· One-to-one association between SS blocks and PRACH time instances (see Figure 4)
· E.g. TRP with analog beamforming and beam correspondence
· Many-to-one association between SS blocks and PRACH time instance (see Figure 5)
· E.g. TRP with hybrid beamforming and beam correspondence or multi-TRP cell with analog beamforming and beam correspondence
· All-to-one association between SS blocks and PRACH time instance (see Figure 6)
· E.g. TRP with analog beamforming and without beam correspondence or TRP with digital beamforming and beam correspondence


[bookmark: _Ref494703385]Figure 4 - One-to-one association between SS blocks and PRACH time instances, for example for TRP with analog beamforming and beam correspondence.

[bookmark: _Ref494703434]Figure 5 – Many-to-one association between SS blocks and PRACH time instances, for example for multi-TRP cell analog beamforming and beam correspondence.

[bookmark: _Ref494703443]Figure 6 – All-to-one association between SS blocks and PRACH time instances, for example for TRP with analog beamforming and without beam correspondence.
Associations between SS blocks 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 proposed association configuration framework is illustrated in Figure 7. 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 PRACH transmission occasions 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/indices, i.e. PRACH groups. 
Based on a predefined rule, both gNB and UE can derive the set of PRACH groups and the associations between the SS blocks and the PRACH groups.

[bookmark: _Ref494704269]Figure 7 – 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 SS blocks and PRACH groups: 
A. The number of SS blocks (e.g. actually transmitted SS blocks)
B. [bookmark: _Ref470725100]The PRACH preamble format
C. [bookmark: _Ref470884534]The PRACH transmission occasions
· The configuration of PRACH preamble format and PRACH transmission occasions may be combined into a configuration of PRACH slots.
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 transmission occasion
· PRACH groups on the same PRACH transmission occasion 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 SS blocks 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 transmission occasions (C), the PRACH groups are defined by the parameters E and F above. 
Proposal 6: The set of PRACH transmission occasions are divided into PRACH groups by the parameters:
· E: The number of PRACH groups per PRACH resource
· F: The number of preamble indices per PRACH group
Naturally, E*F is limited by the total number of preamble indices per PRACH transmission occasion, e.g. 64. The principle of the proposal is illustrated in 

Figure 8 – Each PRACH transmission occasion is divided into one or more PRACH groups by the parameters E and F.
Given the PRACH groups in each PRACH transmission occasion defined above, an association rule can be specified that associates SS blocks with PRACH groups
The number of consecutive SS blocks associated with the same PRACH time instance is given by L/D (an integer). Hence, within D PRACH time instances, associations from all SS blocks have been completed.
Proposal 7: (number of SS block / association time period) SS blocks are associated with the PRACH groups in one PRACH time instance. 
The proposed order of association within one PRACH time instance is:
1. Firstly assign multiple consecutive SS blocks to the same PRACH group (if G>1).
2. Secondly, assign SS blocks consecutively in the preamble index domain.
3. Thirdly, assign SS blocks consecutively in the frequency domain.
One reason to assign resources in the preamble and frequency domain before the time domain is to support the association between one SS block and one PRACH time instance. This is important when the TRP uses analog beamforming. Another benefit of concentrating in time the PRACH resources associated with one SS block is that it allows rapid simultaneous response to all detected preambles associated with the same SS block. 
Proposal 8: SS blocks are consecutively associated with the PRACH groups in a PRACH time instance in the order of
1. To the same PRACH group (if the number of associations per PRACH group is configured > 1)
2. Preamble index
3. Frequency index
Naturally, both UE and gNB need to use the same association rule. The framework described above is illustrated with a few examples below.
[bookmark: _Ref494734530]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 9. 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. Since L/D=4/1=4, associations from 4 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716117]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.
[bookmark: _Ref494731098]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 10. 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. Since L/D=4/1=4, associations from 4 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716175]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 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 11. 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. Since L/D=4/1=4, associations from 4 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716203]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.
[bookmark: _Ref494644454]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 12. 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. Since L/D=4/1=4, associations from 4 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716237]Figure 12 - 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 13. 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. Since L/D=4/2=2, associations from 2 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716273]Figure 13 - 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 14. 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. Since L/D=4/1=2, associations from 2 SS blocks to one PRACH time instance are defined.

[bookmark: _Ref494716303]Figure 14 - 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.
[bookmark: _Ref494734542]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 15. 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. Since L/D=4/4=1, association from only 1 SS blocks to one PRACH time instance is defined.

[bookmark: _Ref494716330]Figure 15 - 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, OSI request and beam reporting in trigger-mode paging. The issues with analog beamforming and beam correspondence also apply to contention-free random access. Therefore, the same kind of framework with association between SS blocks 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 9: Contention-free random access supports a similar SS block measurement based association between SS block and subset PRACH resources and/or subset.
This is illustrated in the figure below, which could be applied when the contention-based random access is configured according to Example 2 in section 5.5. The UE is allocated four single-preamble PRACH groups, using a similar parameterization as for contention-based PRACH, with an additional preamble index offset parameter. Based on the SS/PBCH RSRP measurement, the UE can select one of the four dedicated PRACH groups, which contains the single dedicated preamble for transmission.

Figure 16 - Illustration of dedicated PRACH groups and associations, for example compatible with contention-based configuration as in Figure 10. The colours show the associations between SS blocks (SSB) and PRACH groups.
Contention-free PRACH group allocations for the other examples in section 5.4-5.10 follow accordingly.
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 10: 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 11: UEs can be configured to try to receive multiple Msg.2 within one monitored RAR window. 
Msg.1 Power Control
Pathloss Estimation for CSI-RS based Random Access
It was agreed in RAN1 NR_AH2, that CSI-RS based association is supported, at least for the handover case.
If the CSI-RS used for association to random access resource is QCL with an SS block, it would be most straightforward to use the DL pathloss estimate based on the SS block transmit power and SS block RSRP for the determination of PRACH transmit power. 
If the CSI-RS would not be QCL with any SS block, the DL pathloss would have to be estimated based on the CSI-RSRP. Note that this would require that the CSI-RS transmit power is known to the UE.
Proposal 12: The pathloss is estimated based on the SS block which is quasi-co-located with the selected CSI-RS when the RACH resources are associated with CSI-RS.
· If the best CSI-RS is not QCL with any SS & the CSI-RS transmit powers are known, the pathloss is estimated based on the CSI-RS RSRP.
Clarification on Unchanged Counter of Power Ramping
In previous meetings, it was agreed that the power ramping counter remains unchanged if the UE conducts beam switching. However, the agreement could be clarified to avoid a no-power-ramping trap.
For example, consider a UE that has 4 Tx beams which are named beam 1,2,3,4. The first transmission is on beam 1, and next retransmission is on beam 2, and then the beam 3 and 4. After one round, it switches back to beam 1. Following the previous agreement, since these actions could all be classified as beam switching, the power ramping counter would remain unchanged and the transmit power would be kept at the initial power in an endless loop.


Figure 15 – Illustration of UE Tx beam sweeping for PRACH retransmission without ever increasing the counter.
A clarification should be added to the agreement. For example, UE beam switching means that the UE switches to a beam that has not been used before at this power ramping counter value. This would mean that the power could be ramped each time a UE Tx beam is used a second time on the same power level, be it consecutive or not.
Proposal 13: UE beam switching means that the UE switches to a beam that has not been used before at this power ramping counter level.
Questions in LS from RAN2 [6]
The LS from RAN2 asked six questions, each addressed below.
Q1: What is the size of the RAPID field (Random Access Preamble Identifier)?
The size of the RAPID is at least 6 bits, supporting at least 64 preamble signatures. More bits can be reserved for future enhancements.
Q2: What is the size of the Uplink grant field?
Answer: It is reasonable to reuse a normal UL grant as a baseline, which could be around 60 bits. However, full flexibility is not necessary for Msg3 scheduling, so it should be possible to compress the Msg3 UL grant to around 20 bits.
Q3: What is the size of the Timing advance command (field TA above)?
It can be 11 bits, which is further discussed in [4].
Q4: What is RAN1's preferred size of the Temporary C-RNTI?
RAN1 expects a C-RNTI size of at least 16 bits.
Q5: Does the Uplink grant in the RAR contain a HARQ process ID?
A UE shouldn’t have other ongoing UL HARQ processed during RA procedure. Hence, a single UL HARQ process is maintained during RA procedure, which means that the HARQ process ID does not have to be configured in the UL grant.
Q6: Has RAN1 agreed to add any additional fields?
RAN1 has not agreed to add additional fields.
Conclusions
The following observations and proposals have been made: 
Observation 1: RMSI can contain one (mandatory) primary RA configuration and one (optional) supplementary RA configuration.
Proposal 1: UL related RA parameters can be configured in the primary RA configuration or in both the primary and supplementary RA configuration. The parameters include:
· Preamble format
· Resource configuration
· Association configuration
· Msg3 configuration
· Common PUCCH configuration for Msg4 ACK
· UL power control parameters
· UL frequency
Proposal 2:  The DL related RA parameters are configured only in the primary RA configuration and reused by the optional supplementary RA configuration, if configured. The parameters include:
· CORESET(s) for Msg2 and/or Msg4, if defined
· RAR window configuration
· Actually transmitted SS blocks
· Observation 2: Power headroom of initial PRACH transmission using primary RA configuration may better reflect UEs’ UL coverage than RSRP.
Proposal 3:  SS/PBCH-RSRP of the SS block used for PRACH resource selection is used for comparison with a threshold.
Proposal 4: The initial RACH procedure is completed with all uplink transmission taking place on the same carrier (NR normal UL or SUL) on which it started, where the “completion” means the initial RACH procedure either succeeds or fails.
Observation 3: The multiplexing of PRACH on the normal UL carrier and SUL needs to be considered in the design of RA-RNTI and RAPID.
Observation 4: The maximum number of PRACH time instances that need to be addressed by RA-RNTI depends on the maximum number of PRACH time instances within the maximum duration RAR window.
Proposal 5: Each PRACH transmission occasion in the maximum RAR window duration has a unique RA-RNTI, computed based on the PRACH Time instance Index (PTID) within the PRACH slot, the PRACH slot index (t_id) and the frequency index (f_id), which potentially also includes SUL index, e.g.
· RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id)
Proposal 6: The set of PRACH transmission occasions are divided into PRACH groups by the parameters:
· E: The number of PRACH groups per PRACH resource
· F: The number of preamble indices per PRACH group
Proposal 7: (number of SS block / association time period) SS blocks are associated with the PRACH groups in one PRACH time instance. 
Proposal 8: SS blocks are consecutively associated with the PRACH groups in a PRACH time instance in the order of
1. To the same PRACH group (if the number of associations per PRACH group is configured > 1)
2. Preamble index
3. Frequency index
Proposal 9: Contention-free random access supports a similar SS block measurement based association between SS block and subset PRACH resources and/or subset.
Proposal 10: 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 11: UEs can be configured to try to receive multiple Msg.2 within one monitored RAR window. 
Proposal 12: The pathloss is estimated based on the SS block which is quasi-co-located with the selected CSI-RS when the RACH resources are associated with CSI-RS.
· If the best CSI-RS is not QCL with any SS & the CSI-RS transmit powers are known, the pathloss is estimated based on the CSI-RS RSRP.
Proposal 13: UE beam switching means that the UE switches to a beam that has not been used before at this power ramping counter level.
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