3GPP TSG RAN WG1 Meeting #86bis                                                                R1-1610057
Lisbon, Portugal 10th –14th October 2016
Source:
NTT DOCOMO, INC.
Title:
Design for RACH procedure for NR
Agenda Item:
8.1.5.2
Document for: 
Discussion and Decision

1. Introduction

At the RAN1#86 meeting, discussion related to the random access (RA) procedure for NR was initiated and the following agreements are made. 
Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective

· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied

· Details on Msg. 1 and Msg. 2 are FFS

· Study should include comparison with the above procedure (first bullet)

· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including

· Non Rx/Tx reciprocity at BS or UE

· Full or partial Rx/Tx reciprocity at BS or UE

· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 

· RACH resource is obtained by UE from detected DL broadcast channels/signals

· FFS: Details on association

· Other mechanism w/o association is also considered

· Multiple occasions for RACH preamble transmission in a given time interval are considered

· Details are FFS

· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals
In this contribution, we continue discussing RACH procedures considering both single-beam and multi-beam operations with and without channel reciprocity. In our companion documents [1] and [2], we discuss designs for the synchronization signals/system information delivery and RACH preamble for single-beam and multi-beam based approaches. 

2. RACH Procedure for Multi-Beam Operations
According to the agreements above, having the future various usage scenarios including massive MIMO operation for a higher carrier frequency in mind, both single-beam and multi-beam operations should be taken into account when designing initial access procedures such as synchronization signal/system information delivery and RACH procedure. In addition, different assumptions for Tx/Rx reciprocity at BS and/or UE need to be considered as shown in Fig. 1. With Tx/Rx reciprocity at both BS and UE, if BS Tx/Rx beam and UE/Tx/Rx beam information can be detected by DL broadcast signals, those beam information would be applied to RACH preamble, RAR, Msg. 3 and Msg. 4. On the other hand, without Tx/Rx reciprocity at both BS and UE, more effort to apply the multi-beams would be necessary. For example, in order to know the best UE Tx-beam, multiple RACH preambles with different UE Tx-beam need to be transmitted and beam sweeping at the BS is required as discussed below. Thus, the RACH procedures should be considered for each case of single-beam and multi-beam operations with and without Tx/Rx reciprocity. For a single-beam operation, the RACH procedures similar to LTE or simplified RACH procedure as agreed at the RAN#86 meeting can be considered. 
Observation 1: Multi-beam operations at earlier stage of initial access are desirable. 
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Figure 1 – Multi-beam operations w/ and w/o Tx/Rx reciprocity.

Below, we discuss the following four cases.

· With Tx/Rx reciprocity at both BS and UE
· With Tx/Rx reciprocity at BS and without Tx/Rx reciprocity at UE
· Without Tx/Rx reciprocity at BS and with Tx/Rx reciprocity at UE
· Without Tx/Rx reciprocity at both BS and UE
(1) With Tx/Rx reciprocity at both BS and UE 

We first focus on multi-beam operation with Tx/Rx reciprocity at both BS and UE.
RACH preamble: For analog beam-forming or hybrid beam-forming, since different analog beams can’t be created in the same time interval, different analog beams should be created using different time intervals (analog-beam sweeping). In such a case, multiple RACH preambles need to be reserved in different time intervals as shown in Fig. 2. There may be some options regarding how to transmit RACH preambles. A simple approach is to transmit all of the multiple RACH preambles in multiple time intervals. However, this option may not be good way as the RACH capacity is reduced or total RACH overhead is increased. Also, the UE power consumption would become larger. Another approach is to transmit one RACH preamble in a certain time interval. If the UE knows the best gNB-Tx/Rx beam index through the beam measurement/ sweeping for the DL broadcast signals/channels before RACH procedure, what the UE further needs to know is an appropriate timing when it should transmit the RACH preamble and when the gNB applies the best gNB Rx-beam for the UE. In order to enable the UE to send the RACH preamble at the best timing, with Tx/Rx reciprocity at the gNB, one approach is to associate the time resource for the RACH preamble with the gNB Tx/Rx-beam index. The UEs would be informed of such an association as a part of RACH configuration. This procedure is also shown in Fig. 3. In Fig. 3, for simplicity, the single beamforming at UE is assumed.
In addition, in order for the UE to measure UE Tx\Rx-beam, UE-beam sweeping for the DL signals/channels is additionally needed. Although this procedure may be performed by implementation, the procedure prolongs reception for the DL broadcast signals/channels before RACH procedure. Once the best UE Tx/Rx beam is obtained, UE continues to use the corresponding UE Tx/Rx beam for subsequent messages as long as it is valid. Currently, we consider that such UE Tx/Rx beam information does not need to be reported to the gNB.  
RAR: If there is a relationship between RACH (preamble) resource and gNB Tx/Rx-beam index, gNB can acknowledge which gNB TX-beam is the best for the UE by receiving the corresponding RACH preamble. Hence, the RAR can be also transmitted using the best gNB TX-beam. It would be possible to apply the best gNB TX-beam and send the RAR whenever the gNB wants to do. In this case, the UE needs to perform RAR detection during a certain time interval as is the case with LTE. 
Message 3: Similarly, if analog beam-forming is periodically time-varying, UE can expect the exact timing when it should start to transmit the Message 3. Or, if gNB wants to trigger the UE to transmit message 3 anytime, the timing information for message 3 should be indicated to the UE, e.g., via the RAR.
Message 4: Similar discussion to RAR can be applied.
In this way, when Tx/Rx reciprocity is available at both gNB and UE, both gNB Tx/Rx beam and UE Tx/Rx beam can be utilized for the whole RACH procedure. 

Proposal 1: A single RACH transmission is supported. A RACH resource is obtained from implicit association between RACH resource and gNB Tx\Rx-beam information. Association is to be signaled to UE in the context of RACH configuration.
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Figure 2 –Analog beam-forming


[image: image3]
Figure 3 –RACH procedures for multi-beam operations with Tx/Rx reciprocity at gNB.

(2) With Tx/Rx reciprocity at BS and without Tx/Rx reciprocity at UE

We then discuss multi-beam operation with Tx/Rx reciprocity at BS and without Tx/Rx reciprocity at UE. As is the case with discussion above (1), the best gNB-Tx/Rx beam and UE-Rx beam are obtained through the beam measurement/sweeping for the DL broadcast signals/channels before RACH procedure. However, UE-Tx beam is not available for RACH preamble transmission since UE-Tx beam is not the same as UE-Rx beam. In order to measure the best UE Tx-beam for the gNB, multiple RACH transmissions for beam sweeping at the gNB are required. Then, the gNB informs the UE of the best UE-Tx beam to use, e.g., via RAR. Thus, the UE-Tx beamforming is only applicable to Message 3 and onward at the earliest. 
Observation 2: When the Tx\Rx reciprocity is not available at the UE, additional mechanisms such as multiple RACH transmissions and UE-Tx beam indication via DL signaling would be required.
(3) Without Tx/Rx reciprocity at BS and with Tx/Rx reciprocity at UE

In this condition, the best gNB-Tx beam and UE-Tx/Rx beam are obtained through the beam measurement/ sweeping for the DL broadcast signals/channels before RACH procedure. Only the gNB-Rx beam for a UE is not available at the gNB before RACH reception. Hence, to measure gNB Rx-beam and apply the gNB Rx-beamforming, multiple RACH transmissions for beam sweeping at the gNB are required. Also, implicit association (Proposal 1) that is needed for the gNB Rx-beamforming may not be utilized since the best gNB Tx beam for a UE may be different from the best gNB Rx beam for the same UE. Hence, the best gNB Tx beam for the UE would need to be explicitly or implicitly reported to gNB via RACH preamble or message 3.
Observation 3: When the Tx\Rx reciprocity is not available at the gNB, additional mechanisms such as multiple RACH transmissions and UE reporting of the gNB Tx beam information would be required.
(4) Without Tx/Rx reciprocity at both BS and UE
In this case, only the best gNB-Tx beam and UE- Rx beam are obtained through the beam measurement/ sweeping for the DL broadcast signals/channels before RACH procedure. Hence, in order to measure the gNB-Rx beam and UE- Tx beam, as discussed in (3) and (4), multiple RACH transmissions are needed. Also, as discussed in (3) and (4), UE-Tx beam indication via DL signaling and UE reporting of the gNB Tx beam information would be necessary.
Proposal 2: Multiple RACH transmissions are supported. Consider further UE-Tx beam indication via DL signaling and UE reporting of the gNB Tx beam information
3. Conclusion
In this contribution, we provided our views on the RACH procedures considering single-beam and multi-beam operations with and without Tx/Rx reciprocity. We consider that the beam-forming operation at earlier stage of initial access is desirable. We clarified the necessary functionalities for each case of single-beam and multi-beam operations with and without Tx/Rx reciprocity. Based on the discussion above, we propose the followings.
Proposal 1: A single RACH transmission is supported. A RACH resource is obtained from implicit association between RACH resource and gNB Tx\Rx-beam information. Association is to be signaled to UE in the context of RACH configuration.

Proposal 2: Multiple RACH transmissions are supported. Consider further UE-Tx beam indication via DL signaling and UE reporting of the gNB Tx beam information.
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