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1. Introduction

At the RAN1#87 meeting, random access procedure for multi-beam based operation was discussed and RAN1 made following agreements [1-3]. However we think it still has some ambiguities and remaining issues.
	Agreements:
· UE Tx beam(s) for preamble transmission(s) is 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.

Agreements:
· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.


In this contribution, we discuss further on 4-step random access procedure, especially focusing on details and remaining issues of preamble transmission and RAR (random access response) in multi-beam based operation. We also discuss how to handle power ramping, UE beam switching and/or RACH resource switching for msg1 retransmission and how many times UEs are allowed to retransmit the PRACH considering multi-beam based operation.
2. Discussion on 4-step random access procedure for NR
2.1. Random access procedure considering multi-beam based operations
Before further discussion, we should clarify last meeting’s agreement about UE Tx beam(s) for preamble transmission(s), which is shown in Section1 and [2]. Following options were discussed as interpretation of the agreement. 
Option 1: Before RAR reception (window), there multiple RACH occasions and UE uses different Tx beams for different RACH transmission occasions.

Option 2: Before RAR reception (window), there is a single RACH occasion and UE uses a single Tx beam.

Example operations in these options are also shown in Fig. 1. A color rectangle denotes a subset of RACH resources associated with a certain DL broadcast channel/signal (i.e., a certain TRP Tx beam). Another color rectangle denotes a subset of RACH resources associated with another DL broadcast channel/signal (i.e., another TRP Tx beam). In this example, a subset of RACH resources consists of consecutive resources. But it may also be possible that a subset of RACH resources consists of separate resources. For both options, for retransmission of PRACH (if UE can’t detect any RAR), UE may use different Tx beams.
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Figure.1: Two options on UE Tx beam(s) for preamble transmission(s)

In option 1, UE may use different Tx beams within a subset of RACH resources associated with a certain DL broadcast channel/signal. Therefore, for this option, gNB needs to reserve RACH resources for multiple RACH occasions. However, since different UEs may have different beam-related capability and TRP can’t know it about UE performing initial random access, PRACH resource configuration (e.g., number of RACH occasions within a subset of RACH resources) can’t be optimized to UE’s beam-related capability (e.g., number of UE Tx beams). For example, number of RACH occasions may be too many for UE having only single Tx beam. It may come out wasted resources and high RA procedure delay. Additionally, utilizing multiple RACH occasions for combining reception may be considered, but combining reception should not be applied among multiple RACH occasions since TRP would need to distinguish RACH occasion in order to feedback UE about appropriate UE Tx beam.
Therefore, we consider option 2 is preferred. In option 2, UE uses a single Tx beam in its 1st RACH transmission occasion, and UE Tx beam switching can be applied in retransmission after the RAR window. Then, TRP just have to assign RACH resources based on the number of TRP Rx beams to receive PRACH (e.g., Rx beam sweeping for beam search or beam refinement) and the expected number of resources for combining reception at TRP. So resource assignment is clearly based only on TRP’s capability/operation. Fig. 2 shows the classified cases on TRP/UE beam correspondence with no combining reception. Examples of no beam correspondence cases may be similar to cases with performing beam refinement since beam sweeping at TRP and/or UE is performed also in the beam refinement cases even though there may be beam correspondence. Furthermore, for wide coverage area, TRP may perform combining reception in addition to TRP Rx beam sweeping. Fig. 3 shows the combining reception cases.

The possible problem of option 2 is that the determined UE Tx beam may not be the best beam although PRACH on the beam could reach to TRP. Whether the better UE Tx beam is searched during RA procedure is FFS.
Observation 1: TRP can’t know UE’s beam-related capability about UE performing initial random access.

Proposal 1: Option 2 is assumed on UE Tx beam during PRACH transmission.
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Figure.2: TRP/UE beam correspondence cases (Option 2)
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Figure.3: Combining reception cases (Option 2)

It should also be considered whether UE may transmit PRACH on multiple subsets of RACH resources associated with different DL broadcast channels/signals before RAR reception (window) or UE may select different subset of RACH resources in retransmission. For example, when UE detects multiple DL broadcast channels/signals with almost the same good reception quality, transmitting preambles on the multiple subsets of RACH resources provides a diversity gain. Two following sub-options can be considered based on option 2 above and examples for sub-options are shown in Fig. 4.
Option 2a: Before RAR reception (window), UE is allowed to transmit PRACH on multiple subsets of RACH resources.

Option 2b: Before RAR reception (window), UE is allowed to transmit PRACH on single subset of RACH resources and different subset of RACH resources can be selected in retransmission.

Option 2a is efficient considering RA procedure delay. However, since collision probability in NW may become high if UE can freely transmit on any resources and preamble sequences, restriction on them should be considered. 

Also, RAR needs to include the information of which DL broadcast channel/signal it corresponds to. It is possible that some information block (e.g. SIB) corresponding to a DL broadcast channel/signal has the information of a subset of RACH resources associated with only itself. Then UE may need to scan multiple information with large size and long periodicity (e.g. SIB) in order to transmit preambles on multiple subsets of RACH resources. This scan may cause high UE processing load and high RA procedure delay. Therefore we should consider efficient ways to inform UE of multiple subsets of RACH resources respectively associated with multiple DL broadcast channels/signals. An example of approach is that a single SIB includes information of multiple subsets of RACH resources respectively associated with all or several DL broadcast channels/signals. Another approach is that some part of information on subset of RACH resources e.g., resource location is derived by predefined rule or a few bit signaling so that increase of SIB size can be mitigated. In this approach, a single SIB includes information of a subset of RACH resources associated with only itself and for example relative resource location between different subsets can be derived by relative resource location between broadcast channels/signals on different beams.
In option 2b, RACH resource switching is performed in retransmission, and then it is needed to consider priority order of UE beam switching, power ramping and RACH resource switching and how to consider limitation on maximum number of retransmissions.

Observation 2: UE may receive multiple DL broadcast channels/signals with almost the same good reception quality.

Proposal 2: UE can transmit PRACH on multiple subsets of RACH resources associated with different DL broadcast channels/signals before RAR reception (window) or UE can select different subset of RACH resources in retransmission.

Proposal 3: Efficient ways to inform UE of multiple subsets of RACH resources respectively associated with multiple DL broadcast channels/signals should be further studied.
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Figure.4: Two sub-options on multiple subsets of RACH resources
           associated with different DL broadcast channels/signals
2.2. PRACH (msg1) retransmission procedure
 In NR, UE beam switching and RACH resource switching are considered as PRACH retransmission procedure considering multi-beam based operation, as shown in Section 1 and [3]. Considering UE with capability of Tx beamforming, UE beam switching may provide reduction of power consumption because of low Tx power, and also provide appropriate beam selection which benefits beam selection in subsequent procedure including data transmission and others. On the other hand, considering UE not capable of beamforming, power ramping needs to be performed because of no beamforming gain, and also power ramping may be preferable for UE which has beam correspondence. Therefore UE beam switching and power ramping should be supported, and RACH resource switching should be also supported as discussed in Section 2.1.
 Additionally, considering priority order among UE beam switching, power ramping and RACH resource switching in retransmission (i.e., which should be performed first), it is assumed that it depends on UE beam-related capability and cell deployment/environment. It is likely to depend heavily on UE beam-related capability (e.g., UE beam correspondence), but something to have an impact on it (e.g., cell deployment/environment) and whether TRP needs to inform UE of the priority order should be studied.

Proposal 4: UE beam switching, power ramping and RACH resource switching should be support.

 Support of both UE beam switching and power ramping may influence the maximum number of PRACH retransmissions, and TRP can’t know the number of UE Tx beams. For example, TRP informs UE of only the maximum number of PRACH retransmissions per beam, i.e. the maximum number of power rampings per beam, and then UE may try retransmission up to the informed number multiplied by number of UE Tx beams used for PRACH (re)transmission. In this approach, the maximum Tx power can be limited and it will suppress interference. We can also consider other approaches, e.g. the maximum number of PRACH retransmissions for all beams in addition to the maximum number of retransmissions per beam described above or as substitute for. If UE is restricted only the maximum number of retransmissions per beam, UE can transmit PRACH with a lot of Tx beams and may exhaust RACH resources with causing interference. TRP can resolve this problem by informing the maximum number of PRACH retransmissions for all beams. Also, RACH resource switching can be considered as well as beam switching. In other word, TRP may inform UE of the maximum number of PRACH retransmissions per RACH resource and/or for all resources.
Proposal 5: TRP informs UE of the maximum number of PRACH retransmissions per beam, per RACH resource and/or for all beams and resources.

3. Conclusion 

In this contribution, we discussed on 4-step random access procedure for NR. We made the following observations and proposals. 

Observation 1: TRP can’t know UE’s beam-related capability about UE performing initial random access.

Observation 2: UE may receive multiple DL broadcast channels/signals with almost the same good reception quality.

Proposal 1: Option 2 is assumed on UE Tx beam during PRACH transmission.

Proposal 2: UE can transmit PRACH on multiple subsets of RACH resources associated with different DL broadcast channels/signals before RAR reception (window) or UE can select different subset of RACH resources in retransmission.

Proposal 3: Efficient ways to inform UE of multiple subsets of RACH resources respectively associated with multiple DL broadcast channels/signals should be further studied.
Proposal 4: UE beam switching, power ramping and RACH resource switching should be support.

Proposal 5: TRP informs UE of the maximum number of PRACH retransmissions per beam, per RACH resource and/or for all beams and resources.
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[image: image9.png]Opt.2 (Only UE with beam correspondence)

we i [ { NI [T [T N
retransmission "
/\A

i T T [T I EE O SN A i
. N\ < Time

Opt.2 (TRP and UE with no beam correspondence)
N N N Y N s
. Time

retransmission

AN




[image: image10.png]Opt.2 (TRP and UE with beam correspondence)

S s
retransmission -
/—< r—\,ﬂ
T S N
— ~— — Time
Opt.2 (Only TRP with beam correspondence)
08I NN Y T T

S

UE

|—




