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1. Introduction
During RAN1#87, RAN1 captured the following agreements regarding RACH procedure [1]: 
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:
· 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
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Agreements: 
· 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 January Spokane NR Ad hoc meeting, additional agreements were reached: 

Agreed Definition:

· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 

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

In this contribution, we discuss the necessity for a UE to transmit multiple message 1 in a RAR window. 

2. Discussion
When a UE in RRC_IDLE mode or a handover UE first initiates a PRACH transmission, the TRP has little knowledge of the UE, not to mention a good TX or RX beam between the two to establish the link. The UE Tx beam(s) for preamble transmission(s) is selected by the UE. According to the agreements in the last meeting, a UE transmits PRACH message 1 in a 4-step RACH process with a single particular TX beam in a RACH transmission occasion. For a UE with TX/RX beam correspondence, it may determine the TX beam used for UL transmission based on the DL signals, such as NR-PSS/SSS/PBCH, CSI-RS, NR-PDCCH or NR-PDSCH. For such a UE, there is no need to transmit PRACH with more than one TX beam. The configuration of PRACH resource configured for UEs with TX/RX reciprocity doesn’t need to consider UE TX beam sweeping, thus the basic unit of PRACH transmission for UE with TX/RX reciprocity can be one RACH transmission occasion.

However, not all UEs have TX/RX beam correspondence, so not all UEs can determine its UL TX beam by receiving in the DL passively.  For a UE doesn’t have TX/RX reciprocity, it can’t determine the TX beam for the PRACH transmission from the best RX beam in DL by doing RX beam sweeping in the reception of DL synchronizing signals. If a UE can only use the same UE TX beam during a RACH transmission occasion of single or multiple/repeated preamble(s), the UE can only change its TX beam when it doesn’t receive its corresponding RAR in the RAR window. Therefore, the latency of initial UL access may be very large. Besides, if a UE without beam correspondence transmit with only 1 TX beam in a RAR window, the gNB may respond to the first PRACH preamble from this UE with a barely sufficient but far from optimal TX beam. As the UE moves on to Message 3 with this TX beam, it is deprived of any further chance to test the other TX beam. This leads to sub-optimal performance in PRACH and further UL transmissions, until the issue is addressed by the beam management process. 

Observation: Allowing single TX beam only in an RAR window leads to large delay and inefficiency for UEs without TX/RX beam correspondence. 

Figure 1 shows an example to speed up the initial UL access of UEs without TX/RX reciprocity with multiple PRACH transmission occasions using different TX beams. Assume a dedicated resource pool of PRACH is configured for the UE without TX/RX reciprocity, and the basic unit of the resource pool is composed of M RACH transmission occasions which can be defined as bundling RACH transmission occasion for simplification. Suppose M is the number of PRACH TX transmission occasions bundled together configured by gNB. This allows a UE to transmit with up to M different beams in a RAR window. (For a UE with more than M TX beams, it may need to use multiple RAR windows before its PRACH is responded by the gNB, at which point its search for the optimal TX beam end, possibly prematurally). The bundling RACH transmission occasion is composed of 4 RACH transmission occasions as shown in Figure 1. A UE without TX/RX reciprocity can select a bundling RACH transmission occasion from the dedicated resource pool of PRACH configured for the UE without TX/RX reciprocity to transmit PRACH with different TX beams (TX B0, TX B1, TX B2 and TX B3) in the four RACH transmission occasions. On the gNB’s side, it can distinguish the PRACH transmission from the two types of UEs with or without TX/RX reciprocity by configuring separated resource pools of PRACH transmission for UEs with or without TX/RX reciprocity. It will detect the PRACH transmission in the 4 RACH transmission occasions belonging to one bundling RACH transmission occasion. As shown in Figure 1, the gNB detects the PRACH transmissions in 2nd and 4th RACH transmission occasion and it finds out the strongest received PRACH transmission is in the 2nd RACH transmission occasion. Therefore, the gNB can transmit a RAR to the UE and indicate the strongest received RACH transmission occasion index to the UE explicitly or implicitly, provided the UE uses the same preamble in the PRACH occasions. The UE will detect its corresponding RAR in its RAR window, and it will be indicated the strongest received RACH transmission occasion index in gNB’s side. Since it knows the TX beam index in each RACH transmission occasion of the bundling RACH transmission occasion during the transmission of PRACH, it will know the best TX beam out of the 4 TX beams which is TX B1. Therefore, it can use TX B1 to transmit Msg.3 to the gNB for better performance of Msg.3. An alternative is for gNB to respond to each PRACH received with acceptable RX quality, and it is up to UE to determine which PRACH it transmitted was received by gNB with strongest signal strength, therefore which TX beam to use for Message 3.

 (
RAR
Msg.3
RAR window
UE
RAR
Msg.3
gNB
Strongest
TXB0 TXB1 TXB2 TXB3
Detected
Undetected
TX B1
)
Figure 1 RACH procedure of UE with multiple PRACH transmission occasions.
It can be seen from the above example that the latency of initial UL access of UEs without TX/RX reciprocity can be reduced by configuring a dedicated PRACH resource pool and the TX beam for Msg.3’s transmission can also be determined according to the RAR. Therefore, we proposal that:

Proposal: A UE may transmit with different TX beams in multiple PRACH transmission occasions in a RAR window.

While we discussed the need for RRC_IDLE UE for transmitting with multiple TX beams in multiple PRACH transmission occasions in a RAR window, it is also beneficial for a UE in RRC_CONNECTED mode to transmit with multiple TX beams. RRC_CONNECTED mode UE is further discussed in [4].

3. Conclusion

In this contribution, we discuss the necessity of allowing UEs without TX/RX beam correspondence to transmit with multiple TX beams in multiple PRACH transmission occasions in a RAR window. We made the following observation and proposal:
Observation: Allowing single TX beam only in an RAR window leads to large delay and inefficiency for UEs without TX/RX beam correspondence. 
Proposal: A UE may transmit with different TX beams in multiple PRACH transmission occasions in a RAR window.

4. References
[1]. Chairman's Notes RAN1_87_final,  Nov. 2016.
[2]. Chairman's Notes RAN1 NR adhoc meeting, January 2017.
[3]. R1-1700561, Consideration on the resource configuration of PRACH for UEs with/without TX/RX reciprocity, Lenovo.
[4]. R1-17xxxxx, On multiple PRACH transmissions, ZTE, Lenovo, etc. 

