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1. Introduction
In RAN1#86bis [1], it was agreed that the UE selection of random access resource(s) for preamble transmission is based on an association from DL signals/channels: 
	Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or multiple occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission

· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB



There were also agreements related to particular levels of Tx/Rx reciprocity at the gNB: 
	Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· [...]
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR



As stated in the agreements above, RAN1 and RAN2 should strive for a common random access procedure for all cases of Tx/Rx reciprocity. In this contribution, we propose a random access framework to cover the different reciprocity cases. The framework is based on and aligned with the already agreed partial framework in RAN1. In addition, the proposed random access framework tries to incorporate connected mode random access. It is also noted that many of the proposals in this paper are also suggested (or are the counter part of the proposals) in a companion RAN1 paper [2].
2. Association between Measurement Results and RACH Group
In order to advance the discussion, the following definitions are proposed:
Proposal 1: A RACH group is a combination of
· A subset of RACH resources and
· A subset of PRACH preambles.
In other words, a RACH group contains a number of pairs {RACH resource, preamble}.
Proposal 2: RACH groups are disjoint if (and only if) any combination of RACH resource and preamble is contained in at most one RACH group.
Figure 1 illustrates three RACH groups, distinguished by color. In Figure 1 (a), the disjoint RACH groups use different (disjoint) subsets of RACH resources due to time-multiplexing, but the same subset of preambles. In Figure 1 (b), the disjoint RACH groups use different (disjoint) subsets of RACH resources due to frequency-multiplexing, but the same subset of preambles. In Figure 1 (c), the disjoint RACH groups use the same subset of RACH resources, but different disjoint subsets of preambles. In all cases (a)-(c), there is no combination of RACH resource and preamble that is contained in multiple RACH group. Hence, the RACH groups are disjoint.

[bookmark: _Ref465886224]Figure 1: The different colors represent disjoint RACH groups
In RAN1#86b, it was agreed that at least for multi-beam operation and at least for idle mode random access, an association between one or more occasions for DL broadcast channel/signals and a subset of RACH resources is informed to the UE. Based on the DL measurement and the corresponding association, the UE selects the subset of RACH resources. 
For the case when Tx/Rx reciprocity is available at the gNB, the DL Tx beam for the UE can be obtained based on the detected preamble. In other words, the gNB is informed of the index of the best measurement result (not the result itself), e.g. the index of the best DL Tx beam, by the UEs selection of subset of RACH resources.
For the case when Tx/Rx reciprocity is not available at the gNB, whether or how to report the best DL Tx beam to the gNB should be further considered. Therefore, we propose to further clarify the association framework so that it can encompass all levels of Tx/Rx reciprocity. Furthermore, the association framework should also incorporate connected mode random access (note that the agreements so far only address idle mode). Hence, the following is proposed.
Proposal 3: The following RACH procedure is considered
· Association(s) between one or multiple occasions of DL channel(s)/signal(s) and disjoint RACH group(s) is informed to UE by broadcast system information or dedicated configuration.
· Based on the DL measurement and the corresponding association, UE selects the RACH group.
Compared to the previous agreement, the proposal is not limited to multi-beam operation and idle mode. How typical single-beam random access as well as connected mode random access fit into the framework is discussed below. More importantly, proposal 3 changes the wording from “subset of RACH resources” to “RACH group”. Note that subset of RACH resources is contained in the RACH group concept. When the RACH groups include all preambles, then the RACH groups reduce to “subsets of RACH resources”.
One purpose of including subsets of preambles in the association and selection is to allow the indication of the best measurement result also through subsets of preambles, not only through subsets of RACH resources. Another purpose is to introduce the flexible subsets of preambles eligible for different UE states and even different UEs. Also LTE supports such flexibility, where the subset of preambles eligible for idle UEs can be adjusted between all 64 preambles to only 4 preambles. In contention-free random access in connected mode, a particular preamble is allocated to a UE, i.e. the subset of preambles eligible for this UE is a single preamble.
Figure 2 illustrates associations between DL channels/signals and disjoint RACH groups and the selection of RACH group based on the best measurement result. As long as the number of disjoint RACH groups (N) is equal to the different measurement results (N), the UE can indicate the best measurement result to the gNB by RACH group selection. In other words, if the number of RACH groups is equal to the number of SS blocks/beams, then the UE can fully convey the best SS block/beam, even if gNB does not support Tx/Rx reciprocity and all SS blocks are associated with the same subset of RACH resources.

[bookmark: _Ref465889967]Figure 2: Measurement results are associated with disjoint RACH groups
Figure 3 illustrates a multi-beam example where the gNB does not support Tx/Rx reciprocity, which means that the gNB needs to perform time-domain beam sweeping also when receiving preambles. This means that regardless of which SS block (DL Tx beam) that had the best measurement result, the SS block needs to be associated with the same time domain intervals, during which the gNB performs UL beam sweeping. Therefore, the time domain cannot be used to indicate the best measurement result, i.e. the best DL Tx beam. Instead, disjoint RACH groups are created by using the frequency and/or the preamble domain. By using the frequency domain, the amount of RACH resources is expanded. By using the preamble domain, the subset of preambles associated with each SS block is reduced. As long as number of measurement results (SS blocks) N is smaller than or equal to the number of disjoint RACH groups (=F*P where F is the number of disjoint subsets of RACH resources in the frequency domain and P is the number of disjoint subsets of preambles), then the best measurement result can be fully indicated through the detected preamble. 

[bookmark: _Ref465892477]Figure 3: Example illustration of SS blocks associated with disjoint RACH groups, even though the SS blocks are associated with the same time-domain resources. This could be the case without Tx/Rx reciprocity at the gNB.
The case when Tx/Rx reciprocity is available at the gNB is easier, since each SS block can be associated with a disjoint subset of RACH resources (in the time domain). Hence, there is no need to use the frequency or preamble domains to provide best DL Tx beam indication. 
In the single-beam case, there is a single SS block/beam and therefore no need to indicate best DL Tx beam. Still, the gNB could choose to associate the single SS block with multiple time-domain RACH resources and instruct repetition, in order to provide coverage or performance enhancement.
Connected mode UEs do not necessarily use the same set of signals for mobility as the idle UEs, i.e. the cell-level DL signals in the SS blocks/bursts/burst sets. Instead, connected mode UEs may use UE-specifically configured RS, let’s call them beam RS (BRS), which for example could represent narrow beams, beam groups or individual TRPs within a cell. If the mode of communication (e.g. narrow beam, TRP) used for the best measurement result (e.g. best narrow beam, best TRP) could also be used during the connected mode RACH procedure, a more efficient procedure could be achieved (e.g. lower UE transmit power, better preamble detection performance, higher spectral efficiency for MSG2-4 etc). Therefore, the association and RACH group selection framework described above should also be used for connected mode UE. However, connected mode UEs may use other DL signals than those used by idle mode UEs, e.g. BRS.
Proposal 4: RACH procedure for connected mode UEs supports the selection of RACH group based on measurements on UE-specific signals defined for connected mode mobility.
In some cases, e.g. with many DL Tx beams, it may not be feasible to create enough disjoint RACH groups to support full indication of the best DL Tx beam through the selection of RACH group. In such cases, a partial indication of the best DL TX beam can be achieved by the selection of RACH group, while the indication is completed in MSG3. In one example of a partial indication, multiple (instead of a single) measurement results are associated with the same RACH group. The partial indication can still be used by the gNB to improve RACH preamble detection and RAR transmission performance. 
Proposal 5: A partial indication of the best measurement result by RACH group selection can be considered, e.g. for cases where the number of measurement results is greater than the number of disjoint RACH groups that can be selected. Using MSG3 to complete the indication can be considered.
3. Different Tx/Rx Reciprocity at the UE side
In RAN1#86b, UE Tx beam selection for RACH preamble transmission was listed as for further study.
As a general principle, the UE Tx beam selection for RACH preamble transmission should be up to the UE, i.e. transparent to the network.
Proposal 6: Which beam a UE selects for RACH preamble transmission is up to the UE.
For example, a UE may use whatever level of Tx/Rx reciprocity that it supports to select the UE Tx beam based on the DL signals. Some UEs have no support for Tx/Rx reciprocity and may have to perform a UE Tx beam sweep of preambles. The UE Tx beam sweeping of preambles should be up to the UE implementation, but some fixed or configurable limitations to the amount or rate of preamble transmission should be considered, in order to keep the PRACH load under control. The multiple preamble transmissions should be in the selected RACH group.
Proposal 7: A UE should be allowed to perform UE Tx beam sweeping of preambles, in the selected RACH group.
Proposal 8: Fixed or configurable limitations to the amount or rate of preamble transmissions for UE Tx beam sweeping should be considered.
As agreed, the UE may be informed by the network that it should perform a repeated preamble transmission. For those cases, it may be beneficial if the UE does not change UE Tx beam during the configured repetitions, for instance to enable coherent combining of preambles in the gNB. 
Proposal 9: If a UE is informed that it should perform multiple repeated preamble transmission, then it should use the same UE Tx beam for those preamble transmissions.
In the worst case that both gNB and UE do not support reciprocity, both sides need to perform beam sweeping. In this case, the gNB can perform the beam sweeping during the repeated preamble transmissions, of which the UE is informed, and during the UE does not change its UE Tx beam. The UE, on the other hand, will have to change its UE Tx beam between such repeated preamble transmissions.
Beam sweeping for different levels of gNB and UE reciprocity are presented in Figure 4 – Figure 7. The “star” represents a successful preamble detection, due to matching UE Tx and gNB Rx beams. The UE can terminate the preamble transmission after the “star”, since it receives a random access response.


[bookmark: _Ref466055222]Figure 4: Illustration of Tx/Rx reciprocity at both gNB and UE. Due to reciprocity at the gNB, the gNB can directly use the best gNB Rx beam in the selected RACH group. The UE can directly use the best UE Tx beam due to reciprocity. 

Figure 5: Illustration of Tx/Rx reciprocity at gNB, but not UE. Due to reciprocity at the gNB, the gNB can directly use the best gNB Rx beam in the selected RACH group. The UE may have to repeatedly try different UE Tx beams until successful preamble detection and response, due to lack of UE-side reciprocity.  

Figure 6: Illustration of Tx/Rx reciprocity at UE, but not gNB. The UE is informed of multiple preamble transmission on multiple RACH resources in the RACH group (e.g. a “RACH burst” [3]). The gNB performs Rx beam sweeping on the “RACH burst”. The UE can directly use the best UE Tx beam in the “RACH burst”, due to reciprocity.

[bookmark: _Ref466055230]Figure 7: Illustration of Tx/Rx reciprocity at neither gNB nor UE. The UE is informed of multiple preamble transmission on multiple RACH resources in the RACH group (e.g. a “RACH burst” [3]). The gNB performs Rx beam sweeping on the “RACH burst”. The UE may have to repeatedly try different UE Tx beams in different “RACH bursts” until successful preamble detection and response, due to lack of UE-side reciprocity. Note that the same UE Tx beam is used within a “RACH burst”.
4. RAR (MSG2) Reception and MSG3 Transmission
The gNB detects a preamble on a RACH resource. Based on the detected preamble and the association, it may know the best DL Tx beam for the detected UE (if there are enough disjoint RACH groups to support full indication of the best DL Tx beam through the selection of RACH group). In this case, the same beam can be used for transmission of random access response. If there is any ambiguity, the RAR may indicate in which RACH resource the preamble was detected, so that the UE can deduce which UE Tx beam was successful. The RAR also contains the UL grant for the MSG3 transmission.
Proposal 10: The RAR message may also indicate in which RACH resource the preamble was detected.
The UE transmits the MSG3, according to the scheduling grant received in the RAR. The UE should use the same UE Tx beam that was used to transmit the preamble to which the RAR corresponded (and the gNB should use the same beam that was used to receive the successful preamble).
Proposal 11: The UE may use the information in RAR about in which RACH resource the preamble was detected to use the same UE TX beam also for MSG3 transmission.
5. Conclusions
The following proposals have been made: 
Proposal 1: A RACH group is a combination of
· A subset of RACH resources and
· A subset of PRACH preambles.
Proposal 2: RACH groups are disjoint if (and only if) any combination of RACH resource and preamble is contained in at most one RACH group.
Proposal 3: The following RACH procedure is considered
· Association(s) between one or multiple occasions of DL channel(s)/signal(s) and disjoint RACH group(s) is informed to UE by broadcast system information or dedicated configuration.
· Based on the DL measurement and the corresponding association, UE selects the RACH group.
Proposal 4: RACH procedure for connected mode UEs supports the selection of RACH group based on measurements on UE-specific signals defined for connected mode mobility.
Proposal 5: A partial indication of the best measurement result by RACH group selection can be considered, e.g. for cases where the number of measurement results is greater than the number of disjoint RACH groups that can be selected. Using MSG3 to complete the indication can be considered.
Proposal 6: Which beam a UE selects for RACH preamble transmission is up to the UE.
Proposal 7: A UE should be allowed to perform UE Tx beam sweeping of preambles, in the selected RACH group.
Proposal 8: Fixed or configurable limitations to the amount or rate of preamble transmissions for UE Tx beam sweeping should be considered.
Proposal 9: If a UE is informed that it should perform multiple repeated preamble transmission, then it should use the same UE Tx beam for those preamble transmissions.
Proposal 10: The RAR message may also indicate in which RACH resource the preamble was detected.
Proposal 11: The UE may use the information in RAR about in which RACH resource the preamble was detected to use the same UE TX beam also for MSG3 transmission.
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