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1. Introduction

At the RAN1#AH_NR meeting, random access procedure for multi-beam based operation was discussed and RAN1 made following agreements [1-3]. 
	Agreement:

For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored  RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises
Agreement:

For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation



In this contribution, we discuss further on 4-step random access procedure in multi-beam based operation, especially focusing on details of Msg.1 transmission, Msg.1 retransmission and RAR.
2. Discussion on 4-step random access procedure for NR
2.1. Msg.1 transmission associated with a single SS block
 In this subsection, Msg.1 transmission associated with a “single SS block” i.e. the case where UE detects or selects a single SS block containing PSS/SSS/PBCH based on received quality, is discussed. In this case, UE identifies one or multiple subset(s) of RACH resources associated with the detected/selected SS block, chooses one from the subset(s) of RACH resources as RACH transmission occasion, and transmits Msg.1 on the occasion by using configured RACH preamble format.
Basic case is shown as Fig.1. A color rectangle denotes a subset of RACH resources associated with a certain SS block (i.e., a certain TRP Tx beam). Another color rectangle denotes a subset of RACH resources associated with another SS block (i.e., another TRP Tx beam). For retransmission of Msg.1 (if UE can’t detect any RAR in RAR window), UE may use different Tx beams. At the last RAN1 meeting, it was agreed that a single Msg.1 transmission before the end of RAR window is at least supported. In contention based random access procedure, i.e., using shared preambles between UEs, a single Msg.1 transmission before the end of RAR window should be considered as baseline.
Fig.2 and Fig.3 shows the classified cases with TRP/UE beam correspondence or combining reception. As Fig.2 shows, in the cases with TRP beam correspondence, gNB would configure random access preamble format based on single preamble with single RACH OFDM symbol. In the cases with no TRP beam correspondence, gNB would configure random access preamble format based on multiple preambles so that TRP can change Rx beam for each preamble reception. In addition, there are cases with the combining reception as shown in Fig.3. In such cases, gNB would configure random access preamble format based on single preamble with multiple RACH OFDM symbols so that PRACH coverage can be improved.
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Figure.1: Basic Msg.1 transmission procedure
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Figure.2: TRP/UE beam correspondence cases
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Figure.3: Combining reception cases

The necessity of supporting multiple Msg.1 transmissions, i.e., on multiple RACH transmission occasions, before the end of RAR window has been discussed. Possible benefit of such case is latency reduction in RACH procedure for UE without beam correspondence thanks to multiple Msg.1 transmissions with different UE Tx beams. However, in contention based random access procedure, multiple Msg.1 transmissions before the end of RAR window may cause following problems.

· Since gNB is not aware of UE beam correspondence and number of UE Tx beams in case of initial access, gNB cannot set appropriate number of subsets of RACH resources.
· If UE is allowed to have multiple RACH transmission occasions, UEs without beam correspondence can benefit while UEs with beam correspondence may suffer a loss due to impact from many Msg.1 transmissions of the other UEs e.g., RAR timing delay and increase of collision probability in each subset of RACH resources.
Therefore, in contention based random access procedure, multiple Msg.1 transmissions before the end of RAR window should not be allowed. Note that it would be possible for gNB to set multiple subsets of RACH resources from which UE will randomly choose one in order to increase RACH capacity as in LTE TDD case.
Proposal 1: In contention based random access, multiple Msg.1 transmissions associated with a single SS block before end of RAR window should not be allowed.
On the other hand, in contention free random access procedure as e.g., gNB trigger-based procedure including handover case, i.e., using dedicated preamble per UE, multiple Msg.1 transmissions before the end of RAR window may be able to efficiently utilize RACH resources. For example, we consider the case that subsets of RACH resources multiplexed in the frequency domain are assigned. If only a single Msg.1 transmission before the end of RAR window is allowed, a UE transmits Msg.1 on only one subset of RACH resources. Although in contention based random access the other UEs may utilize the other resources, in contention free random access the other resources will be wasted since dedicated preamble is assigned. Also, in contention free random access, multiple Msg.1 transmissions before the end of RAR window don’t cause the collision with the other UEs thanks to dedicated preamble.
Observation 1: In contention free random access, multiple Msg.1 transmissions associated with a single SS block before the end of RAR window may make efficient utilization of RACH resources, and also don’t negatively affect the collision probability of the other UEs.

However, another negative effect may be possible depending on RACH resource assignment. For example, if subsets of RACH resources multiplexed in the time domain are assigned for sweeping many beams at UE, the start of RAR window will become late and the RA delay of UEs with beam correspondence may become longer. So basically TRP should assign multiple subsets of RACH resources in the frequency domain to allow multiple Msg.1 transmissions before the end of RAR window. Also considering interference effect due to multiple Msg.1 transmissions with beam changing, the restriction on the number of Msg.1 transmissions at UE before the end of RAR window should be further studied.
Proposal 2: In contention free random access, in order to allow multiple Msg.1 transmissions associated with a single SS block before the end of RAR window, following aspects need to be studied.
· RACH resource allocation for multiple Msg.1 transmissions before the end of RAR window with consideration for RAR delay
· Restriction on number of Msg.1 transmissions before the end of RAR window with consideration for interference effect
2.2. Multiple Msg.1 transmissions associated with multiple SS blocks
The above discussions are on the case that a UE performs a single random access procedure associated with a single SS block. If a UE can receive multiple SS blocks with comparable reception quality, it can be considered that the UE transmits multiple Msg.1 associated with multiple SS blocks before the end of RAR window, i.e., as performing multiple random access procedures in parallel. After RAR reception, one out of multiple random access procedures which is associated with the best TRP Tx beam may be selected. This benefit is applicable even for UE with beam correspondence. This is described as Option A.
Also, we can consider Option B based on the case with single SS block.  In this option, UE is allowed to transmit a single Msg.1 associated with a single SS block before the end of RAR window, and then the UE may retransmit a single Msg.1 associated with another SS block, i.e., after the end of RAR window.
Option A and B are shown in Fig. 4 and described below.

· Option A: Before the end of RAR window, UE is allowed to transmit multiple Msg.1 associated with multiple SS blocks.

· Option B: Before the end of RAR window, UE is allowed to transmit a single Msg.1 associated with a single SS block, and then may retransmit a single Msg.1 associated with another SS block.

Option A is efficient considering RA procedure delay compared with Option B. Additionally, in Option A, the success probability of RA procedure can be improved by utilizing RACH resources which are reserved but may be unused, especially in cell area with sparse UE density. However, since collision probability at TRP may be increased if UE can freely transmit multiple Msg.1 associated with any SS blocks, a restriction should be considered. One example is restricting the number of Msg.1 transmissions associated with different SS blocks. Another example is defining the reception quality threshold of SS block for Msg.1 transmission, e.g., within Z dB as acceptable difference from the best quality. This method is shown in Fig.5 with Z=3 dB.
 Also, in case of Option A, RAR needs to indicate the information of which subset of RACH resources, i.e., which SS block, it corresponds to. It is possible that some information block, e.g., SIB, corresponding to a SS block has the resource information of a subset of RACH resources associated with only itself. Then UE may need to read multiple SIBs corresponding to multiple SS blocks, in order to transmit multiple Msg.1 associated with multiple SS blocks. This procedure 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 associated with multiple SS blocks. An example of approach is that each SIB corresponding to different SS block includes common information of multiple subsets of RACH resources associated with all or several SS blocks. 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 SS blocks on different beams.

In Option B, RACH resources are switched to one associated with another SS block in retransmission. Also in this case, the reception quality threshold of SS block as shown in Fig.5 can be applied to RACH resources switching in retransmission. Or, it may be just up to UE implementation.

Observation 2: In case that UE receives multiple SS blocks with comparable (good) reception quality, it would be beneficial to try Msg.1 transmissions corresponding to multiple SS blocks.
Proposal 3: Both of the followings should be supported.

· UE is allowed to transmit multiple Msg.1 associated with multiple SS block before the end of RAR window.

· UE is allowed to transmit a single Msg.1 associated with a single SS block, and to retransmit a single Msg.1 associated with another SS block.

Proposal 4: Efficient way to inform UE of multiple subsets of RACH resources associated with multiple SS blocks should be further studied.
Proposal 5: Defining the reception quality threshold of SS block for RACH resource selection for multiple Msg.1 transmissions or for Msg.1 retransmission should be further studied.
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Figure.4: Two Options on multiple subsets of RACH resources
           associated with multiple SS blocks
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Figure.5: Reception quality threshold method in Option A
As for association methods between SS block and RACH resources, we think that basic method is one to one mapping, i.e., between a single SS block and a single subset of RACH resources. If a single subset of RACH resources is associated with multiple SS blocks, the best TRP Tx beam for the UE can’t be indicated by the resource location of Msg.1 transmission. So additional signaling would be necessary to indicate it, and following procedure may become complex. Therefore, the association between multiple SS block and a single subset of RACH resources should be avoided. On the other hand, regarding the association between a single SS block and multiple subsets of RACH resources, at least FDM of multiple subsets of RACH resources is beneficial to increase the RACH capacity. TDM of multiple subsets of RACH resources should be further studied considering RA delay and DL/UL configuration. 
Proposal 6: Association between multiple SS block and a single subset of RACH resources should not be allowed. Association between a single SS block and frequency-division multiplexed subsets of RACH resources should be supported, while association with the time-division multiplexed subsets of RACH resources should be further studied.
2.3. Msg.1 retransmission
 In NR, UE beam switching, power ramping and RACH resource switching are considered as Msg.1 retransmission procedure considering multi-beam based operation. 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 enough 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 2.2.
In last meeting, alternatives about the counter of power ramping in case of beam switching were agreed. Basically, if the reduction of interference takes priority, the counter of power ramping should be re-set, i.e., Alt 1. On the other hand, if the short RA delay takes priority, the counter of power ramping remains unchanged or keeps increasing, i.e., Alt 2 or Alt 3. The selection of Alt 2 or Alt 3 may depend on the number of beams for beam switching at UE. Furthermore, considering the selection of these alternatives, balance with the maximum number of Msg.1 retransmissions should be considered.

Observation 3: Balance between the maximum number of Msg.1 retransmissions and the counter of power ramping when switching beam should be considered.

 Since TRP can’t know the number of UE Tx beams, the maximum number of Msg.1 retransmissions in multi-beam based operation should be considered. A simple approach is that only the maximum counter of power rampings is informed to UE so that interference due to significant UE Tx power can be avoided. This approach can be applied for Alt 1, Alt 2 and 3. Another approach is described below for the case of Alt 1. TRP informs UE of only the maximum number of Msg.1 retransmissions per beam, i.e. the maximum counter of power rampings per beam, and then UE may try retransmit up to the informed number multiplied by number of UE Tx beams used for Msg.1 (re)transmission. We can also consider additional approaches, e.g. the maximum number of Msg.1 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 Msg.1 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 Msg.1 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 Msg.1 retransmissions per RACH resource and/or for all resources.
Proposal 7: TRP informs UE of either of followings as the maximum number of Msg.1 retransmissions.

· The maximum counter of power rampings.
· The maximum number of Msg.1 retransmissions per beam, per RACH resource and/or for all beams and resources.

2.4. RAR

· RAR window

 Basically, the location of RAR window may be defined based on Msg.1 transmission timing. Then following cases can be considered for the location of RAR window as shown in Fig.6.
Case 1: setting a RAR window per subsets of RACH resources associated with each SS block.

Case 2: setting a RAR window shared between subsets of RACH resources associated multiple (including all) SS blocks.
Case 1 can reduce power consumption of UE since RAR window is shorter and UE does not need to search during long period. On the other hand, Case 2 provides flexibility of scheduling.

In Case 1, RAR windows may overlap, and then RAR received on overlapped window needs to be identified as which RAR window the RAR is on. Thus, either of followings should be supported.

· A RAR window shall be set eliminating overlap with the other RAR windows.

· RAR or RA-RNTI includes the information of SS block index, index of subsets of RACH resources associated with the SS block, or something else.

Also in Case 2, RAR or RA-RNTI includes the information of SS block index, index of subsets of RACH resources associated with the SS block, or something else.

Proposal 8: The setting of RAR window should be considered with consideration for association with SS blocks.
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Figure.6: RAR window cases
· Multiple RAR reception

We think that multiple RAR receptions within a single RAR window are necessary in some scenarios. For example as Fig.7 shows, when TRP performs Rx beam switching, TRP may detect only some of RACH preambles that are received by appropriate Rx beams for UE(s). Since such multiple detected RACH preambles may be transmitted by different UEs with same preamble sequence, TRP will transmit multiple RARs and each RAR contains UL grant for Msg.3 associated with different TRP Rx beam. UE should try to receive multiple RARs since first detected RAR at the UE may be for other UE and not appropriate for the UE. Another example is that in case of Case 2 RAR window above UE may transmit multiple Msg.1 on multiple RACH transmission occasions associated with different SS blocks. In this case, TRP will transmit multiple RARs within a RAR window and each RAR contains UL grant for Msg.3 associated with different RACH occasions. Since first detected RAR at the UE may not be appropriate for the UE, UE should try to receive multiple RARs within a RAR window.

In both examples, even if UE detects multiple RARs, UE can just transmit multiple Msg.3 based on UL grants in multiple RARs. If one RAR is actually not appropriate for the UE, it leads just Msg.3 failure for the UE and other UE might transmit Msg.3 successfully. If TRP receives multiple Msg.3 containing the same UE ID, one out of them can be selected e.g., based on reception quality for following procedure (i.e., Msg.4).
Whether the number of RAR reception is configurable or not is FFS.
Proposal 9: UE should be allowed to receive multiple RAR within a RAR window at least in some cases.

[image: image8] 
Figure.7: Multiple RAR reception case
3. Conclusion 

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

Observation 1: In contention free random access, multiple Msg.1 transmissions associated with a single SS block before the end of RAR window may make efficient utilization of RACH resources, and also don’t negatively affect the collision probability of the other UEs.

Observation 2: In case that UE receives multiple SS blocks with comparable (good) reception quality, it would be beneficial to try Msg.1 transmissions corresponding to multiple SS blocks.

Observation 3: Balance between the maximum number of Msg.1 retransmissions and the counter of power ramping when switching beam should be considered.

Proposal 1: In contention based random access, multiple Msg.1 transmissions associated with a single SS block before end of RAR window should not be allowed.
Proposal 2: In contention free random access, in order to allow multiple Msg.1 transmissions associated with a single SS block before the end of RAR window, following aspects need to be studied.
· RACH resource allocation for multiple Msg.1 transmissions before the end of RAR window with consideration for RAR delay

· Restriction on number of Msg.1 transmissions before the end of RAR window with consideration for interference effect
Proposal 3: Both of the followings should be supported.

· UE is allowed to transmit multiple Msg.1 associated with multiple SS block before the end of RAR window.

· UE is allowed to transmit a single Msg.1 associated with a single SS block, and to retransmit a single Msg.1 associated with another SS block.
Proposal 4: Efficient way to inform UE of multiple subsets of RACH resources associated with multiple SS blocks should be further studied.

Proposal 5: Defining the reception quality threshold of SS block for RACH resource selection for multiple Msg.1 transmissions or for Msg.1 retransmission should be further studied.

Proposal 6: Association between multiple SS block and a single subset of RACH resources should not be allowed. Association between a single SS block and frequency-division multiplexed subsets of RACH resources should be supported, while association with the time-division multiplexed subsets of RACH resources should be further studied.

Proposal 7: TRP informs UE of either of followings as the maximum number of Msg.1 retransmissions.

· The maximum counter of power rampings.
· The maximum number of Msg.1 retransmissions per beam, per RACH resource and/or for all beams and resources.

Proposal 8: The setting of RAR window should be considered with consideration for association with SS blocks.

Proposal 9: UE should be allowed to receive multiple RAR within a RAR window at least in some cases.
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