3GPP TSG RAN WG1 Meeting AH_NR Meeting	R1-1700669
Spokane, USA, 16th - 20th January 2017


Source: 	SONY
[bookmark: Title]Title:	On Multiple Beams RACH Procedure
Agenda item:	5.1.1.4.2
[bookmark: DocumentFor]Document for:	Discussion and Decision

1. Introduction
In RAN1#87 meeting [1], the following agreements on RACH procedure were reached:
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.
· 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.
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,
· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· In RACH procedure, the followings are considered at least for UE in idle mode:
· UL Tx beam for Msg. 3 transmission is determined by UE, 
· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded
In this contribution, we provide our view on the RACH procedure with multiple beams operation particularly on providing beam assistance signals and the mechanism for Msg.1/preamble retransmission.

2. Discussion
Beam Assistance for Multiple beam Operation
Multiple-beams operation for RACH transmission can be supported in both gNB and UE as shown in Fig.1 below. We can assume the number of beams in the UE is less than in the gNB. This is mainly due to the limited number of antenna elements and/or arrays (e.g. in total 16 antenna elements) [2].The main challenge is to obtain a beam alignment for each RACH transmission. Beam sweeping either in gNB or UE is one of the methods to obtain the best beam.



Figure 1: Multiple beam operation in gNB and UE

In the previous meeting (RAN1#87) [1] as also shown in section 1, it has been agreed that for transmission of Msg. 1, the UE uses the same UL Tx beam for multiple / repeated Msg. 1 transmission . Thus basically, the gNB may perform receive beam sweeping to identify the best RX beam so that it can receive the Msg.1 from the UE. 

For the subsequent transmission, Msg.2, we propose the gNB gives an indication to the UE on the used gNB received beam for Msg.1. This information can be useful for the UE to determine the UE Tx beam for Msg.3. For example, the UE will use UE Tx beam that is suitable for this gNB Rx beam (when it is allocated by the gNB), In practice, the UE typically use the same beam as UE Tx beam of Msg. 1 for the UE Tx beam of Msg.3. Also, the gNB can reuse the same Rx beam as in gNB Rx beam of Msg.1. Due to possible blocking and/or mobility, further beam direction / beam refinement can still be needed at the UE side. This is the purpose of this beam indication signaling.

Proposal 1: In Msg.2 transmission, the gNB provides beam assistance (i.e. indication on the used gNB received beam for Msg.1) to the UE. The UE can use this for UE Tx beam direction refinement.

For Msg.4 transmission, we can optionally repeat the mechanism as in Msg.2 transmission. However, it can be simpler such that the gNB reuses the same gNB Tx Beam as Msg.2. In case, the gNB decides to use another gNB Tx Beam, we prefer that the gNB indicates the used Msg.3 gNB Rx beam to the UE. Due to possible blocking and/or mobility, the UE may need to perform beam refinement for any subsequent data transmission. 
Proposal 2: The same rules as in proposal 1 can be optionally applied to the subsequent Msg.4 transmission. This can be useful, particularly for the UE to perform beam refinement for any subsequent data transmission.

RACH Msg.1 Retransmission

Prior to the random access procedure, the UE has already performed several initial processes, such as synchronization, acquiring broadcast signalling and decoding system information. Therefore, the UE can be assumed to have some knowledge regarding the degree of beam alignment with the gNB. It is expected the UE to use this beam direction a-priori information for the Msg.1 transmission. Nonetheless, it is not guaranteed that this selected beam would be the best beam to allow the Msg.1 transmission to be successfully received by the gNB.
In case the gNB does not receive the Msg.1 transmission and/or the UE does not receive the Msg.2 / RAR, the UE is expected to retransmit Msg.1. In legacy LTE, the UE retransmits Msg.1 with higher transmit power (power ramping). In NR, non-aligned UE Tx beam and gNB Rx beam can cause there to be significantly lower received signal at the gNB due to with the gNB operating with a narrow beam as illustrated in Fig.2. In practice, it is expected that the UE beam is relatively wider than the gNB beam because of the limited number of antennas at the UE side. 
[bookmark: _GoBack]In the scenario shown where there is beam misalignment between gNB and UE, re-transmitting the beam carrying Msg.1 at a higher power is not necessarily going to lead to successful reception of Msg.1: there is no point transmitting a higher power beam in a direction that is not going to be received by the gNB. It may be more appropriate to transmit Msg.1 with a different beam configuration (e.g. a different beam direction or different beam width). In the scenario where Msg.1 retransmission occurs, we consider that the UE can update its beam configuration, such as changing the beam direction (beam-switching) or changing the beam width. 
The UE decides the UE Tx beam direction / beam width for Msg.1 re-transmissions. It can be based on a set of selected possible UE Tx beam directions / beam widths and it can also be based on UE downlink measurements.



Figure 2: Msg 1 retransmission with beam switching

Proposal 3: For Msg.1 retransmission, the UE updates its beam configuration, such as changing the beam direction (beam-switching) or beam width.

The multiple beam operation is expected to be used for the carrier frequency above 6 GHz (mmWave). In such a scenario, the cell size is expected to be relatively small, compared to typical legacy LTE deployments. It could be the case that the set of power ramping options can be very limited or even the case that UE has already transmitted Msg.1 with maximum Tx power. However, if the UE is in a situation where power ramping is still possible (e.g. the initial Msg.1 was not transmitted at maximum TX power), we think that the UE should still have the option of power ramping the Msg. 1 transmission. Hence, we propose that the UE performs Msg.1 retransmission with beam-switching from the set of beams as the first option, according to proposal 3. If retransmission is still needed, the UE can then transmit with higher power (when the UE is capable of transmitting with a higher power).

Proposal 4: If retransmission is still needed after Msg.1 retransmission using beam switching, the UE can transmit with higher power (when it is still possible).

The association between one or multiple occasions for DL broadcast channel/signal and a subset of RACH resources is informed to UE by broadcast system information or known to UE [3]. This association can be interpreted as a beam association between DL broadcast channel/signal and a subset of RACH resources. The UE Tx beam is typically utilizing this association information. Then, we consider the RACH resource switching by the UE is basically as part of the beam-switching operation.


3. Conclusion 
In this contribution, we considered the RACH procedure with multiple beams operation for NR and conclude on the following proposals:

Proposal 1: In Msg.2 transmission, the gNB provides beam assistance (i.e. indication on the used gNB received beam for Msg.1) to the UE. The UE can use this for UE Tx beam direction refinement.

Proposal 2: The same rules as in proposal 1 can be optionally applied to the subsequent Msg.4 transmission. This can be useful, particularly for the UE to perform beam refinement for any subsequent data transmission.

Proposal 3: For Msg.1 retransmission, we propose the UE to update its beam configuration, such as changing the beam direction (beam-switching).

Proposal 4: If retransmission is still needed after Msg.1 retransmission using beam switching, the UE can transmit with higher power (when it is still possible).
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