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Introduction
Work on 2-step random access (RA) was started in RAN2 in RAN2#105. Its benefits include reduced access latency, which in conjunction with access to a target cell during handover translates into reduced data interruption time. At first, 2-step contention-free random access (CFRA) was not included in the work item, but as per a decision at the RAN #85 plenary on September 16-20 2019, 2-step CFRA is now included in the WI, in accordance with the following quote from section 4.1 in the revised WID [3]:

“2-step RACH [RAN1, RAN2]
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Specify contention-free 2-step RACH procedure (dedicated preamble and dedicated PUSCH) for handover (RAN2)
· RAN1 work addresses only CBRA (i.e. not considering CFRA) 
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH (this includes triggers for SI Request and BFR as agreed by RAN2)
· No new triggers for 2 step RACH
· Contention-free 2 step RACH is only supported for the handover case

For unlicensed operation:
· After PRACH and PUSCH design enhancements are completed for NR-U in the Rel-16 NR-U WI, identify and specify the necessary modification of 2-step RACH design for its application in NR-U(RAN1/RAN2)

Note 2: UP data transmission in RRC_IDLE and RRC_INACTIVE state is not in the scope. UP data transmission in RRC_CONNECTED mode as in Rel-15 NR is supported. 
Note 3: The work on contention-free 2-step RACH procedure is of lower priority and should be pursued in RAN2 only if there is time.“

Some earlier RAN2 agreements concerning 2-step CFRA include:


=>	From RAN2 point of view, there is benefits to support 2-step CFRA for HO (dedicated preamble and dedicated PUSCH).   
=>	2-step CFRA (dedicated preamble and dedicated PUSCH) can be an alternative RACH-less HO.  It is up to the plenary to decide how to handle this and whether we chose to do anything at all.  


Due to the decision to include 2-step CFRA for handover in the 2-step RACH work item, RAN2 has decided not to pursue the work on RACH-less handover for NR in the NR mobility enhancement work item in release 16.
In this contribution we will discuss 2-step CFRA.
[bookmark: _Ref178064866]Discussion
As per a decision at the RAN #85 plenary, 2-step CFRA for handover is included in release 16 WI “2-step RACH for NR”, albeit with lower priority and with work performed only in RAN2 (i.e. RAN1 addresses only 2-step CBRA). 
A main objective with the 2-step RA procedure is to achieve lower network access latency by reducing the duration of the random access procedure. This is achieved through reduced number of RTTs and, in NR-U, also by reducing the number of Listen-Before-Talk (LBT) operations.
One inherently unpredictable part of the RA latency consists of RA failure with RA restart (possibly preceded by a backoff period), due to possible preamble collisions discovered in the contention resolution phase.
In some scenarios, the risk for this potential latency addition may be removed by providing the UE with a contention-free random access (CFRA) preamble. In legacy, this can be done in conjunction with handover, beam failure recovery (BFR) and PDCCH-ordered RA. Of these procedures, at least CFRA handover is applicable for 2-step RA (i.e. handover with 2-step CFRA).
In 4-step CFRA, collisions are avoided by temporarily allocating a dedicated preamble to a UE (i.e. a preamble that only the concerned UE may use in the concerned cell during the limited period), i.e. a contention-free preamble. In 2-step CFRA, a truly collision-free access procedure also requires that a dedicated msgA PUSCH Resource Unit (PUSCH RU, i.e. a combination of time/frequency transmission resources and DMRS) is associated with the CFRA preamble. This is similar to 2-step CBRA, where CBRA preambles map to PUSCH RUs.
[bookmark: _Toc24028473]Truly collision-free 2-step CFRA requires not only a 2-step CFRA preamble, but also a dedicated (collision-free) PUSCH Resource Unit for msgA transmission. 
[bookmark: _Toc24028488][bookmark: _Toc24028988][bookmark: _Toc24039937]A 2-step CFRA preamble can be configured to map to a dedicated (collision-free) PUSCH RU for msgA PUSCH transmission. 
SSB/CSI-RS beam-specific 2-step CFRA support
The cost, in terms of network resources, incurred by configurations is generally higher for 2-step RA configurations than for 4-step RA configurations, due to the PUSCH resources that are allocated/reserved in addition to the PRACH resources. In case of the dedicated configuration involved in CFRA handover, the allocated/reserved resources are typically limited to one or more CFRA preamble(s) for 4-step CFRA handover (HO), whereas for 2-step CFRA HO the dedicated PUSCH RU associated with the CFRA preamble represent an additional resource cost.
Even though 2-step CFRA offers potentially superior latency performance to 4-step CFRA, its higher resource cost implies that it should be provided only for a limited set of beams and a combination of 2-step CFRA and 4-step CFRA (and 2-step CBRA and 4-step CBRA) configurations for different beams in the target cell may be a suitable trade-off. To this end, the network may want to associate a 2-step CFRA configuration with the best beam (i.e. the one of the SSB or CSI-RS beams the UE has reported the best channel quality for) or with a set A of N best beams, while associating 4-step CFRA configurations with another set B of M beams. The two sets may be disjoint, where the M beams in set B would include beams with worse reported channel quality than the N beams in set A. Alternatively, set A may be a subset of set B (i.e. the beams in set A have both 2-step CFRA and 4-step CFRA configurations associated with them), where the N beams in set A would have better reported channel quality than the beams in set B which are not also included in set A. In the latter case, a channel quality threshold could determine RA type the UE uses in a RACH occasion (RO) associated with a beam which has both 2-step CFRA and 4-step CFRA configurations associated.
[bookmark: _Toc20929419][bookmark: _Toc20930868][bookmark: _Toc21026457][bookmark: _Toc24028474]A 2-step CFRA configuration is more costly in terms of allocated resources than a 4-step CFRA configuration. Hence, when associating CFRA configurations with a set of SSB or CSI-RS beams in a target cell, it may be a beneficial trade-off to configure 2-step CFRA only for a subset of the beams and configure 4-step CFRA for the remainder, or all, of the beams in the set. 
[bookmark: _Toc24028489][bookmark: _Toc24039938][bookmark: _Toc20929432][bookmark: _Toc20930889][bookmark: _Toc20990264][bookmark: _Toc21026463][bookmark: _Toc24028989]The RRC specification may enable SSB/CSI-RS beam-specific support for 2-step CFRA and 4-step CFRA in a target cell. 
An efficient way for a UE to utilize such configurations of beam-specific CFRA type support is to first identify the beam with the best channel quality and then check if 2-step CFRA is supported for the identified beam and if the channel quality exceeds a configured threshold (if any) for usage of the 2-step CFRA configuration. If 2-step CFRA is supported for the identified beam and the channel quality is good enough, the UE proceeds to initiate 2-step CFRA in the resources indicated in the 2-step CFRA configuration. Otherwise, the UE can do either of the following:
· If the identified beam does not have an associated 2-step CFRA configuration, the UE can check whether any of the other beams which has associated 2-step CFRA configurations has good enough channel quality and if so, initiate 2-step CFRA in the resources indicated in the 2-step CFRA configuration associated with that beam. If no such beam is found, the UE may initiate 4-step RA (CFRA or CBRA) in the resources associated with the best beam in which 4-step RA is supported. With this principle the UE can be said to first select the RA type and then the (SSB or CSI-RS) beam.
· If the identified beam does not have an associated 2-step CFRA configuration, the UE initiates 4-step RA (CFRA or CBRA) in the resources associated with the identified best beam. With this principle the UE can be said to first select the (SSB or CSI-RS) beam and then the RA type. Conceivably, a channel quality offset could be configured for comparing beams with 2-step CFRA support with beams without 2-step CFRA support to determine whether the UE initiates 4-step RA (CFRA or CBRA) in the identified best beam or chooses to initiate 2-step CFRA in the resources associated with another beam (with a channel quality which is less than the offset worse than the channel quality of the best beam). 
· If the identified best beam does have an associated CFRA configuration, but the channel quality is not good enough for using it, the UE initiates 4-step RA (CFRA or CBRA) in the resources associated with the best beam. Note that when the channel quality is not good enough for 2-step RA in the best beam, it is not good enough in any of the other beams either.
If the possibility to use a 2-step CBRA configuration for a beam is also taken into account as an alternative choice, the number of possible and relevant strategies for selection of beam and RA type increases further. This implies that the previously assumed principle that the UE first selects RA type and then selects beam may not be good in all scenarios.
[bookmark: _Toc20929420][bookmark: _Toc20930869][bookmark: _Toc21026458][bookmark: _Toc24028475]When different RA type support is configured for different SSB/CSI-RS beams in a target cell, the UE may have to use flexible strategies for beam and RA type selection in order to efficiently utilize the beam-specific RA type support. The selection strategy should preferably be configured by the network.
[bookmark: _Toc20929433][bookmark: _Toc20930890][bookmark: _Toc20990265][bookmark: _Toc21026464][bookmark: _Toc24028490][bookmark: _Toc24028990][bookmark: _Toc24039939]It should be configurable which strategy/algorithm the UE uses when selecting beam and RA type when accessing a target cell for which beam-specific RA type support is configured.
Validity timer for 2-step CFRA configurations
As mentioned above, 2-step CFRA configurations are costly, because they tie up both contention-free preambles and dedicated PUSCH RUs. Hence, these resources should not be kept reserved for a longer time than necessary. This implies that a validity timer for 2-step CFRA configurations, or other means, could be considered, so that resources reserved by a 2-step CFRA configuration can be released when they are not relevant anymore. 
In release 15, means already exist to ensure that a 4-step CFRA configuration is not kept for an excessively long period. A CFRA configuration in a target cell becomes irrelevant if the source gNB cancels the handover (i.e. the source gNB sends an XnAP Handover Cancel message to the target gNB) or if the UE determines that the handover has failed.
In the former case, it is trivial that the XnAP Handover Cancel message triggers the target node to release the reserved resources. In the latter case, the UE’s handover execution is supervised by the timer T304, whose start value is provided by the target gNB in the reconfigurationWithSync IE. The target gNB can have a corresponding timer (with some additional margin) to supervise for how long the CFRA resources are reserved while waiting for the UE to access the target cell, i.e. if the timer expires, the target node releases the reserved resources. (Note that the UE starts timer T304 when it receives the RRCReconfiguration with reconfigurationWithSync from the source gNB and the target gNB does not know the exact time when this happens. Hence, the target node’s timer should be started at a slightly greater value than the T304 timer to provide some guard time.)
[bookmark: _Toc20929421][bookmark: _Toc20930870][bookmark: _Toc21026459][bookmark: _Toc24028476]Means for ensuring that resources reserved for 2-step CFRA configurations in a target cell are released when they have become irrelevant already exist in the form of legacy mechanisms. 
However, even though such means already exists, the additional resource cost represented by msgA PUSCH allocations, may motivate that additional means are considered to further limit the time period the msgA PUSCH resources are allocated, In R2-1908968 we have previously proposed to enable [4] such a limitation of the allocation of pre-configured UL grants for RACH-less handover by indicating a time period during which the preconfigured UL grants are allocated (i.e. the time period during which the allocation is valid). The time period is indicated using target cell SFN values and the same method could be used for limiting the time during which the msgA PUSCH resource allocation for 2-step CFRA handover is valid. The gNB would, optionally, indicate the SFN of the last target cell radio frame in which the dedicated msgA PUSCH resource allocation is valid. After that radio frame, if timer T304 has not yet expired, the UE cannot use the 2-step CFRA configuration in the target cell, but instead has to try 2-step CBRA, 4-step CFRA or 4-step CBRA (depending on availability and channel quality). After the expiration of the validity of the 2-step CFRA msgA PUSCH resource allocation, the UE can still use a 2-step CFRA preamble, but now for 4-step CFRA instead of 2-step CFRA, until the T304 timer expires. It can also be considered whether the network should be able to indicate a starting point of the validity period (in terms of the SFN of the first radio frame in which the dedicated msgA PUSCH allocation is valid), i.e. to take into account make-before-break scenarios where the UE is configured to keep its connection in the source cell, even after receiving the Handover Command.
[bookmark: _Toc24039940][bookmark: _Toc24028491][bookmark: _Toc20990267][bookmark: _Toc21026465][bookmark: _Toc24028991]Introduce means for a target gNB to limit the validity of dedicated msgA PUSCH resource allocations for 2-step CFRA handover to a shorter time than the T304 timer. 
[bookmark: _Toc24028992][bookmark: _Toc24039941]The target gNB can optionally include the SFN of the last radio frame in which the dedicated msgA PUSCH resource allocations are valid in the Handover Command.
[bookmark: _Toc24028492][bookmark: _Toc24028993][bookmark: _Toc24039942]When the validity of the 2-step CFRA msgA PUSCH resource allocation has expired, the UE can still use the 2-step CFRA preamble for 4-step CFRA, until timer T304 expires.
Many-to-one 2-step CFRA preamble-to-PUSCH RU mapping
In the RA configuration of a cell, it is possible to map multiple SSB beams to the same RO, using different sets of preambles to identify the selected beam when a UE initiates random access in the RO. Similarly, in the dedicated target cell CFRA configuration provided to a UE in the Handover Command, the network may map multiple SSB or CSI-RS beams to the same RO and assign a unique CFRA preamble associated with each of the beams mapping to the same RO. The same PRACH resource should thus be used for transmission of the CFRA preamble, irrespective of which beam and CFRA preamble the UE chooses to use out of those mapping to the same RO. With 2-step CFRA configuration in the target cell, the PRACH resource is complemented by a PUSCH RU associated with a CFRA preamble. In the common 2-step RA configuration for a cell, it is typically preferable to use a one-to-one mapping principle between preambles and PUSCH RUs. However, in the case of 2-step CFRA configuration in a target cell, there is no reason to configure a separate PUSCH RU for each of the CFRA preambles that are associated with beams mapping to the same RO. More resource efficient would be to map each of these CFRA preambles to the same PUSCH RU.
[bookmark: _Toc20930871][bookmark: _Toc21026460][bookmark: _Toc24028477]Many-to-one 2-step CFRA preamble-to-PUSCH RU mapping is beneficial when multiple SSB or CSI-RS beams, each with an associated 2-stet CFRA preamble, map to the same RO in a target cell. 
[bookmark: _Toc20930892][bookmark: _Toc20990268][bookmark: _Toc21026466][bookmark: _Toc24028493][bookmark: _Toc24028994][bookmark: _Toc24039943]The RRC specification should not preclude configuration of multiple 2-step CFRA preambles mapping to the same PUSCH RU when a UE is configured for handover to a target cell.
Conclusion
In section 2 we made the following observations:
Observation 1	Truly collision-free 2-step CFRA requires not only a 2-step CFRA preamble, but also a dedicated (collision-free) PUSCH Resource Unit for msgA transmission.
Observation 2	A 2-step CFRA configuration is more costly in terms of allocated resources than a 4-step CFRA configuration. Hence, when associating CFRA configurations with a set of SSB or CSI-RS beams in a target cell, it may be a beneficial trade-off to configure 2-step CFRA only for a subset of the beams and configure 4-step CFRA for the remainder, or all, of the beams in the set.
Observation 3	When different RA type support is configured for different SSB/CSI-RS beams in a target cell, the UE may have to use flexible strategies for beam and RA type selection in order to efficiently utilize the beam-specific RA type support. The selection strategy should preferably be configured by the network.
Observation 4	Means for ensuring that resources reserved for 2-step CFRA configurations in a target cell are released when they have become irrelevant already exist in the form of legacy mechanisms.
Observation 5	Many-to-one 2-step CFRA preamble-to-PUSCH RU mapping is beneficial when multiple SSB or CSI-RS beams, each with an associated 2-stet CFRA preamble, map to the same RO in a target cell.

[bookmark: _In-sequence_SDU_delivery]Based on the discussion in section 2 we propose the following: Based on the discussion in the previous sections we propose the following:
Proposal 1	A 2-step CFRA preamble can be configured to map to a dedicated (collision-free) PUSCH RU for msgA PUSCH transmission.
Proposal 2	The RRC specification may enable SSB/CSI-RS beam-specific support for 2-step CFRA and 4-step CFRA in a target cell.
Proposal 3	It should be configurable which strategy/algorithm the UE uses when selecting beam and RA type when accessing a target cell for which beam-specific RA type support is configured.
Proposal 4	Introduce means for a target gNB to limit the validity of dedicated msgA PUSCH resource allocations for 2-step CFRA handover to a shorter time than the T304 timer.
Proposal 5	The target gNB can optionally include the SFN of the last radio frame in which the dedicated msgA PUSCH resource allocations are valid in the Handover Command.
Proposal 6	When the validity of the 2-step CFRA msgA PUSCH resource allocation has expired, the UE can still use the 2-step CFRA preamble for 4-step CFRA, until timer T304 expires.
Proposal 7	The RRC specification should not preclude configuration of multiple 2-step CFRA preambles mapping to the same PUSCH RU when a UE is configured for handover to a target cell.
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