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1 Introduction

RAN1 has made substantial progress on the RA procedure in presences of multiple Tx/Rx beams, at least for IDLE mode. The RA procedure with beamforming can be summarized as follows: 
The RACH procedure including the RACH preamble (Msg. 1), random access response (Msg. 2), Msg. 3, and contention resolution (Msg. 4) is used in presence of mulitple Tx/Rx beams in NR. For Msg. 1, a RACH transmission occasion is a time-frequency resource on which Msg. 1 is transmitted using a single particular tx beam. Whether UE needs to transmit one or multiple/repeated preamble(s) within a subset of RACH resources can be informed by broadcast system information, with the aim to cover gNB RX beam sweeping in case Tx/Rx beam correspondence is not available at the gNB [1]. The complete random access configuration details are broadcasted in all beams used for RMSI within a cell [2].
At least for the case without gNB Tx/Rx beam correspondence, an association between an SS block and a subset of RACH resources and/or preamble indices is informed to UE by broadcast system information -configured by a set of parameters in RMSI- for the purpose indicating the DL Tx beam for Msg. 2. RAN1 has agreed that the SS block index is 3 or 2 bits -depending on the number of configured SS blocks-, and is implicitly carried in the PBCH DMRS sequence within every 5 ms period [2]. Based on DL measurement of different SS blocks and the corresponding association, the UE selects the subset of RACH resources or preamble indices corresponding to the selected SS block index within an SS burst based on the outcome of L1 measurements [2, 3]. The UE then transmits Msg1 using Tx beam(s) selected by the UE. During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam. For the contention-free RA case, an NR-UE supports transmission of multiple Msg1s before the end of a monitored RAR window if the configuration of dedicated multiple transmission occasions in time domain is supported, possibly with different UE Tx beams. 
For Msg1 retransmissions, the UE may change UL Tx beams or change the selected SS-block. In both cases, the UE does not change the power ramping counter, as the pathloss estimate is changed due to changing beams [5]. As per agreements in RAN1 NR AH3, the selection of SS-block -and correspondingly the PRACH resource- is up to UE implementation, provided the selected SS-block meets a certain quality threshold. If UE does not detect a SS block that satisfy the threshold, it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power. At the same time, the UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold. It is FFS whether threshold(s) for SS block selection is configured or fixed in specifications [5].
The DL Tx beam for message 2 can then be determined based on the detected RACH preamble/resource and the corresponding association. The Tx beam for Msg. 3 is selected by the UE, though an UL grant in message 2 may indicate the transmission timing of Msg. 3.
Based on the details of the procedure above and the corresponding agreements, RAN1 has sent an LS to RAN2 to inform RAN2 on this progress [3]. In this contribution, the configuration of the association between SS blocks and PRACH resources and/or preamble indices is discussed, along with possible impacts on preamble and PRACH resource selection in MAC.

2 Discussion

In the absence of Rx/Tx beam correspondence between the UE and gNB, beam sweeping can be performed to determine the best beams. In effort to reduce the number of beam sweeps, RAN1 has agreed to leverage measurements done by the UE on different SS blocks within an SS burst. Since each SS block broadcasts SS on a different DL Tx beam, the DL Tx beam favoured by the UE -based on L1 beam management- can be indicated to the gNB by having an association between SS blocks and PRACH resources and/or preamble indices [2, 3]. The gNB may choose to configure such association solely based on PRACH resource selection, based solely on preamble subset selection, or based on a combination of both. This association is illustrated in Figure 1 for three beams/SS blocks, while considering the MAC preamble grouping for indicating Msg3 size -groups A and B- and ignoring preamble partitioning for other purposes such as requesting on-demand SI.
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Figure 1: Illustration of different methods of associating SS blocks(s) to PRACH resources(s) and/or indices
In order for the MAC entity to select the PRACH resource and/or indices associated with the SS block selected during initial access, the SS block selected based on the outcome of L1 DL Tx beam measurements should be indicated to the MAC entity. The selected SS block may correspond to the one received with the highest SS block RSRP for example, though it is up to UE implementation how to select the SS block, provided it meets a measurement threshold [2]. Indicating the SS block ID to MAC is necessary, as the RMSI information containing the association is common for all beams. Since RMSI is not beam-specific, RMSI is not sufficient for MAC to determine the selected SS block ID, and therefore select the correspond PRACH resource/index. Given that RAN1 agreed that the SS block index is implicitly carried in the PBCH DMRS sequence [2], only L1 has knowledge of the selected SS block -based on DMRS measurements- and thus L1 needs to provide this information to MAC. Further, the UE may select a different SS block for a preamble retransmission, in which case the SS block ID is also unknown to MAC. Indicating the SS block ID to MAC is therefore necessary during initial access. 
For non-initial access, indicating the SS block ID or the DL Tx beam may be necessary based on results of the L1/L2 beam management procedures to prevent a beam link failure, which can happen upon mobility between TRPs for example. For instance, based on measurements, a UE can indicate to the gNB a change of best DL Tx beam, or a similar beam change can be carried out by a network order. This is applicable given the UE may monitor and measure multiple configured DL beams for the PDCCH, and therefore is capable of switching to another beam of better quality based on the outcome of L1/L2 beam management.
Proposal 1:
If an association between SS block(s) and PRACH resource(s) and/or preamble indices is configured in RMSI, the SS block index selected based on the outcome of L1 DL Tx Beam measurements is used for the association in MAC.
Proposal 2:
The SS block index selected during random access based on the outcome of L1 DL Tx Beam measurements shall be indicated to the MAC entity.
Associating each SS block (DL Tx beam) with a single PRACH resource -as illustrated in the bottom part of Figure 1- is the most straight-forward method, especially since resources are abundant in frequency ranges where beamforming is necessary. Therefore, if the UE is configured with an association between SS block(s) and PRACH resource(s), the PRACH resource selected by the MAC entity for Msg. 1 transmission shall be within the configured PRACH resource(s) associated with the selected SS block.

Proposal 3:
If an association between SS block(s) and PRACH resource(s) is configured, the PRACH resource selected by the MAC entity shall be within the PRACH resource(s) corresponding to the SS block indicated to MAC.
A different strategy is to use multiple PRACH resources, but different subsets of preamble indices within PRACH resources to associate SS blocks -as illustrated in the top part of Figure 1-. Such strategy may have the advantage of frequency diversity in case a preamble retransmission is necessary, which may or may not involve a Tx beam switch -up to UE decision-. In such case, the MAC entity is still configured with a preamble range for Group A and Group B, for indication of Msg. 3 size. However, the preamble selected by the MAC entity must be within the configured subset of PRACH indices associated with the selected SS block.

Proposal 4:
If an association between SS block(s) and PRACH indices is configured, the ra-PrambleIndex selected by the MAC entity shall be within the subset of PRACH indices corresponding to the SS block indicated to MAC.
As for the beam quality threshold that determines whether the UE includes an SS block in the selection process, it is FFS whether such threshold is specified or part of RRC configuration [5]. It can be advantageous to configure such threshold(s) for the following reasons:
· Depending the TRP’s Tx antenna and its beamwidth, a higher error margin can be added to the threshold for TRPs of narrower beams to protect from beam miss-alignment and synchronization errors.
· A fixed threshold results in having some TRPs with low antenna gains to overcompensate by making beams narrower (or the number of elements per panel) to achieve the required threshold, which may result in very narrow beams that are not stable through the RA procedure.
· Configuring such threshold per cell provides flexibility to the network to balance load between neighbouring small cells by adjusting the thresholds. Per-cell thresholds may therefore emulate the range expansion bias used in LTE to control the small cell’s uptake and coverage in presence of interference from other cells.

Proposal 5:
The threshold(s) that determine whether the UE includes an SS block in the selection process is configured per cell by RRC signalling.
A text proposal based on TS 38.321 [4] corresponding to the proposals above is added in Appendix A.
3 Conclusion

In this contribution, the association between SS blocks and PRACH resources and/or preamble indices is discussed, along with impacts on preamble and PRACH resource selection in MAC. The following proposals are made:
Proposal 1:
If an association between SS block(s) and PRACH resource(s) and/or preamble indices is configured in RMSI, the SS block index selected based on the outcome of L1 DL Tx Beam measurements is used for the association in MAC.

Proposal 2:
The SS block index selected during random access based on the outcome of L1 DL Tx Beam measurements shall be indicated to the MAC entity.
Proposal 3:
If an association between SS block(s) and PRACH resource(s) is configured, the PRACH resource selected by the MAC entity shall be within the PRACH resource(s) corresponding to the SS block indicated to MAC.
Proposal 4:
If an association between SS block(s) and PRACH indices is configured, the ra-PrambleIndex selected by the MAC entity shall be within the subset of PRACH indices corresponding to the SS block indicated to MAC.
Proposal 5:
The threshold(s) that determine whether the UE includes an SS block in the selection process is configured per cell by RRC signalling.
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5 Text Proposal based on 38.321
5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and it is not 0b000000:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;

1>
else:

Editor's note: preamble selection for SI request using msg-1 based/ msg-3 based can be discussed further.

2>
if Msg3 has not yet been transmitted:

3>
if Random Access Preambles group B exists; and

3>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA:

4>
select the Random Access Preambles group B;

3> else:

4>
select the Random Access Preambles group A.

2> else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.

2>
select a ra-PreambleIndex within the selected group randomly with equal probability; If an association between SS block(s) and PRACH indices is configured, ra-PrambleIndex shall be within the subset of PRACH indices corresponding to the SS block index indicated to MAC;
2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex;

Editor's note: the value/range of ra-PreambleIndex should be confirmed by RAN1.

Editor's note: when the RAP group A/B is selected, path loss (in LTE) is not captured since no agreements were made, and RAN2 further discussion is required.
Editor's note: above 0b000000 in selection was removed to correct Editor's mistake.

1>
determine the next available NR-UNIT containing PRACH permitted by the restrictions given by the prach-ConfigIndex; If an association between SS block(s) and PRACH resource(s) is configured, PRACH shall be within the PRACH resources corresponding to the SS block index indicated to MAC.
Editor's note: depending on the RAN1 decision, selection of PRACH resource can be further elaborated.

Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
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