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1. Introduction

At the RAN1#88 meeting, random access procedure for multi-beam based operation was discussed and RAN1 made following agreements [1-3]. 
	Agreements:

· For contention-free random access, the following options are under evaluation

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window

· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1

· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices
· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window
Agreements:
· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices

· A preamble index consists of preamble sequence index and OCC index, if OCC is supported
· Note: a subset of preambles can be indicated by OCC indices



In this contribution, we discuss remaining issues of entire random access procedure, i.e., Msg.1/2/3/4.
2. Message 1
We think there are following remaining issues regarding Msg.1, and discuss them in Section 2.
· Single/Multiple Msg.1 transmission(s) (Section 2.1, 2.2)

· Detailed association methods between SS block(s) and a subset of RACH resources and/or a subset of preamble indices (Section 2.1, 2.2)

· Msg.1 transmission when UE detects multiple SS blocks (Section 2.3)

· Power ramping issue considering multi-beam in Msg.1 retransmission (Section 2.4)
2.1. Msg.1 transmission in contention based random access
· Single/Multiple Msg.1 transmission(s)
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 configure appropriate amount of RACH resources. Consequently, entire contention probability may increase, or wasted resource overhead reserved for Msg.1 transmission may become high.

· 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.
Therefore, in contention based random access procedure, multiple Msg.1 transmissions before the end of RAR window should not be allowed. 
Proposal 1: In contention based random access, multiple Msg.1 transmissions before end of RAR window should not be allowed.
· Association between SS block and a subset of RACH resources and/or a subset of preamble indices
Although we proposed single Msg.1 transmission above, note that it would be possible that a subset of RACH resources is larger than amount of resources used for single Msg.1, e.g., multiple times. In such case, gNB configures the subset of RACH resources and/or a subset of preamble indices from which UE will randomly choose a preamble index and RACH resource used for single Msg.1 transmission so that RACH capacity can be increased as in LTE TDD case. 

Association between SS block and a subset of RACH resources and/or a subset of preamble indices should be configured so that TRP can identify the best DL beam for each UE according to resource location or preamble index of received Msg.1. In other words, each association should be independent and at least either each subset of RACH resources or subset of preamble indices should not be allowed to be associated with multiple SS blocks. Fig.1 shows some examples. SS block #1 is simple case. In SS block #2 and #3 case, although a subset of RACH resources is associated with multiple SS blocks, SS blocks can be distinguished according to a subset of preamble indices. It is possible that part of a subset of RACH resources and part of another one are overlapped as in SS block #4 and #5 case. SS block #6 and #7 case shows opposite case of SS block #2 and #3 case. If TRP can’t identify the best DL beam, additional signaling or some mechanism would be necessary to indicate it from UE to TRP and the random access procedure may become complex.
Additionally, as described above, frequency/time resource amount for a subset of RACH resources can be configured depending on required capacity. For simplified example as shown in Fig.2, given that single Msg.1 occupies time resource of 1ms and frequency resource of 5MHz, when gNB configures a subset of RACH resources with 2ms and 20MHz, UE randomly selects one from 8 possible RACH resources and transmits single Msg.1 on it. However, multiple time resources for a subset of RACH resources should be carefully considered since TRP Rx beam would  not be flexible during the time resources for Msg.1 reception and hence usage of the resources may be limited.
Proposal 2: At least either each subset of RACH resources or subset of preamble indices should not be allowed to be associated with multiple SS blocks so that TRP can identify the best DL beam for each UE according to resource location or preamble index of received Msg.1.
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Figure.1: Example of association between SS block and
a subset of RACH resources and/or a subset of preamble indices
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Figure.2: Example of single Msg.1 transmission
2.2. Msg.1 transmission in contention free random access
· How to avoid contention
In contention free random access procedure as e.g., gNB trigger-based procedure including handover case, we can consider dedicated preamble per UE and/or dedicated resource per UE in order to avoid contention. Dedicated preamble seems to work well as in LTE. In dedicated preamble case, RACH resources may be common between contention based random access and contention free random access. On the other hand, assigning dedicated resource may enable flexible assignment considering random access latency. Even in dedicated resource case, although common preamble may be used, dedicated preamble can also be assigned in order to ease TRP detection of preamble.
· Single/Multiple Msg.1 transmission(s)
In dedicated preamble and common resource case, multiple Msg.1 transmissions before the end of RAR window may be able to efficiently utilize resources. If only a single Msg.1 transmission before the end of RAR window is allowed, a UE can use only a part of resources for Msg.1 transmission out of a subset of RACH resources as in Figure 2 example. Although in contention based random access the other UEs may utilize the other resources with same preamble index, in dedicated preamble case the other resources will be wasted since other UEs cannot utilize the same dedicated preamble index. 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 dedicated preamble and common resource case, multiple Msg.1 transmissions before the end of RAR window may realize efficient utilization of resource, and also don’t negatively affect the collision probability of the other UEs.

Proposal 3: Support multiple Msg.1 transmissions at least in dedicated preamble and common resource case.
2.3. Msg.1 transmission when UE detects multiple SS blocks
The above discussions assume that a UE performs a single random access procedure associated with a single SS block. But in practice, a UE can receive multiple SS blocks with comparable reception quality e.g., crossover point between SS block beams. For such case, 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 may be selected. For example, UE may select random access procedure corresponding to first received RAR or RAR with good reception quality, or select the procedure depending on value of RAR contents. This benefit is applicable even for UE with beam correspondence. This is described as Option A.
Also, we can consider Option B as an alternative.  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. 3 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 UE 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. Therefore, a restriction should be considered. One example is restricting the maximum 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.4 with Z=3 dB.
 Also, we should consider efficient ways to inform UE of multiple subsets of RACH resources associated with multiple SS blocks respectively. 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 respectively. 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.
Observation 2: In case that UE receives multiple SS blocks with comparable (good) reception quality, it would be beneficial to allow multiple Msg.1 transmissions corresponding to multiple SS blocks.
Proposal 4: Both of the followings should be supported.

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

· UE is allowed to transmit single Msg.1 associated with single SS block, and to retransmit a single Msg.1 associated with another SS block.
Proposal 5: Mechanism to inform UE of multiple subsets of RACH resources associated with different SS blocks should be studied.
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Figure.3: Two Options on multiple subsets of RACH resources
           associated with multiple SS blocks
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Figure.4: Reception quality threshold method in Option A
2.4. Msg.1 retransmission
 At the RAN1#AH_NR meeting, support of power ramping was agreed, and there are three alternatives below when UE conducts beam switching.
· 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.
 In this agreement, UE probably seems to have single counter of power ramping for all Tx beam of the UE, i.e., single counter per UE. However, in that case following issues can be foreseen.

· Characteristic of each Tx beam of the UE may be largely different. Since UE Tx beam selection is up to UE implementation, Alt 2/3 would cause unnecessarily large Tx power for a certain Tx beam.
· In some case, Tx beam switching without power ramping may be sufficient and in some other cases, it may not be sufficient. Therefore, possible efficient retransmission scheme is to perform beam switching first and then power ramping for next round of beam switching. If only Alt.1 is applied for single counter per UE, UE beam switching would be performed after power ramping, otherwise UE cannot try Msg.1 retransmission with power ramping (since the counter is re-set after beam switching). 
 Therefore, UE should have the counter of power ramping per Tx beam. Each counter just increases when corresponding beam is used. Additionally, UE may have total counter for all Tx beam, and gNB can restrict the maximum number of retransmission based on this total counter. gNB can also restrict the maximum number of retransmission per UE Tx beam based on the counter per UE Tx beam.
Proposal 6: UE should have the counter of power ramping per UE Tx beam.
3. Message 2
 In this section, we discuss on RAR window. Basically, the location of RAR window should be defined based on Msg.1 transmission timing considering e.g., gNB decoding time. RAR window duration may be configurable as in LTE. However, RAR windows may overlap depending on amount of available resources and RAR window configuration as shown in Fig.5. Then, RAR received on overlapped duration needs to be distinguished for different corresponding RACH resources. If UE cannot distinguish it, there are problems in e.g., following cases.

· Each of two UEs detects SS block different from that detected by the other UE, and transmits single Msg.1 with the same preamble. Then each UE needs to distinguish for different corresponding RACH resources in order to know whether or not received RAR is for the own UE.
· A UE detect multiple SS blocks, and transmit multiple Msg.1 corresponding to multiple SS blocks. Then the UE needs to distinguish it in order to identify which one can be reached and to transmit PUSCH with UE Tx beam of the actually reached Msg.1.

Therefore, we should consider how to distinguish it.
Proposal 7: Each RAR window is located depending on Msg.1 transmission timing, and it should be considered how to distinguish RAR received on overlapped duration for different corresponding RACH resources.
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Figure.5: RAR window definition
4. Message3/4
Regarding Msg.3/4 in NR, we consider them based on Msg.3/4 in LTE, i.e., PUSCH for Msg.3 and PDSCH for Msg.4. In addition, waveform aspects of Msg.3 can be considered. At the RAN1#88 meeting, following was agreed [4].
Agreements:
· For PUSCH (re)transmissions corresponding to a RAR grant, study following alternatives

· Alt.1: The UL waveform(s) is fixed in the specifications
· Note that UL waveform is either DFT-S-OFDM or CP-OFDM
· Alt.2: The NW informs a UE whether to use DFT-S-OFDM or CP-OFDM

· FFS signaling method
· Other alternatives are not precluded
Possible approach is selecting Msg.3 waveform depending on the location of UE, e.g., near or far from TRP. In particular, it may be better to select Msg.3 waveform based on value of timing advance since it almost corresponds to the distance between TRP and UE. Threshold of the value of timing advance may be known to UE or broadcasted, or gNB may directly inform UE of Msg.3 waveform based on the value of timing advance.
Proposal 8: Msg.3 waveform is selected based on value of timing advance.

5. Conclusion 

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

Proposal 1: In contention based random access, multiple Msg.1 transmissions before end of RAR window should not be allowed.
Proposal 2: At least either each subset of RACH resources or subset of preamble indices should not be allowed to be associated with multiple SS blocks so that TRP can identify the best DL beam for each UE according to resource location or preamble index of received Msg.1.
Observation 1: In dedicated preamble case, multiple Msg.1 transmissions before the end of RAR window may realize efficient utilization of resource, and also don’t negatively affect the collision probability of the other UEs.
Proposal 3: Support multiple Msg.1 transmissions at least in dedicated preamble and common resource case.
Observation 2: In case that UE receives multiple SS blocks with comparable (good) reception quality, it would be beneficial to allow multiple Msg.1 transmissions corresponding to multiple SS blocks.

Proposal 4: Both of the followings should be supported.

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

· UE is allowed to transmit single Msg.1 associated with single SS block, and to retransmit a single Msg.1 associated with another SS block.
Proposal 5: Mechanism to inform UE of multiple subsets of RACH resources associated with different SS blocks should be studied.

Proposal 6: UE should have the counter of power ramping per UE Tx beam.

Proposal 7: Each RAR window is located depending on Msg.1 transmission timing, and it should be considered how to distinguish RAR received on overlapped duration for different corresponding RACH resources.

Proposal 8: Msg.3 waveform is selected based on value of timing advance.
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