3GPP TSG-RAN WG1 AH_NR Meeting                                           R1-1700651
Spokane, USA, January 16-20, 2017
Agenda Item:
5.1.1.4.2
Source: 

Nokia, Alcatel-Lucent Shanghai Bell
Title:


NR Random Access Procedure
Document for:
Discussion and Decision
1. Introduction
An objective of the 5G study item ‎[1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913‎[2].
This contribution discusses the random access procedure, specifically the following issues are addressed:

· PRACH preamble retransmission procedure.

· The selection of the UL Tx beam for RACH message 3. In this contribution, we delve more into how additional signaling from the gNB can assist the UE in determining the UL Tx beam for RACH message 3.
· The association between the RACH preamble and Random Access Response (RAR) window.
In RAN1#87, the following agreements were made‎[3]:

2. Discussion
2.1. PRACH Preamble Retransmission Procedure

Per RAN1#87 agreements, during a RACH transmission occasion of single or multiple/repeated preambles, i.e. during one full RX sweep at gNB, the UE uses the same TX beam as illustrated in Figure 1.
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Figure 1: UE UL TX beam is kept fixed at least during one full RACH RX sweep.
If the UE doesn’t get the RAR corresponding to PRACH preamble transmission, different UE behavior is possible as follows:

1) UE performs power ramp-up and uses the same beam for the new preamble transmission.
2) UE changes the UL TX beam for the new preamble transmission.
3) UE changes PRACH resource for the new preamble transmission. 
a. Within the set of PRACH resources associated to the selected gNB DL beam
b. UE selects PRACH resource from the set of PRACH resources associated to a different gNB DL beam from that of the previous PRACH preamble

4) Any combination of above
At lower carrier frequencies where the UE operates using a single-beam, option 1) would be applicable. In addition, the UE may randomly re-select PRACH preamble as well in case the preambles are not associated and categorized based on gNB beams.
Observation #1: In single-beam DL and UL configuration (both gNB and UE), power ramp-up may can be used for preamble re-transmission. 

At higher carrier frequencies when the UE operates using beams and TX/RX beam correspondence holds at the UE, the UE may first try option 1) before going to option 2) if no RAR is detected. When the UE doesn’t have TX/RX beam correspondence, the UE may prefer option 2). However, it’s considered that it can be up to UE whether to rely on one of the options or both as long as the UE follows the given RACH configuration and transmit power control rules.
In addition, as the UE is performing continuously DL TX beam tracking and measurements, the UE may have detected better downlink beam than the one the UE uses in PRACH resource selection for PRACH preamble transmission. Using PRACH preamble associated to the better DL TX beam, the preamble may be detected with higher probability (in TX/RX beam correspondence case) but also would potentially provide more robust Msg2 Msg4 transmissions towards the UE. However, we consider that selection between 1-3 can be up to UE implementation. 
Proposal #1: Whether to prioritize power ramp up, TX beam switch or PRACH preamble resource selection during random access procedure when no RAR is detected is up to UE as long as the UE follows the PRACH configuration and transmit power control rules.

Furthermore, when the UE switches either the UL TX beam, PRACH preamble resources associated to a different DL beam than the previous one or both, should the UE initialize the power ramp-up process or not. In general, we think that the UE should select the RACH preamble resources that correspond to the best TX beam it received in the downlink. If the UE detects a better Tx beam in the DL, it would make sense to change to the corresponding preamble resources. Then, if the UE changes the RACH preamble resources used as a result of a new and better DL beam, it is considered that it should start the power ramping from the beginning. The reason is that the previous RACH transmission might have not been received by the gNB, or the RAR not received by the UE because the beam selected was not the most optimum beam, so starting with a high power level might cause too much interference.
When the UE retransmits the preamble because the RAR was not received, we consider that it uses a different (random) preamble from that used for the previous transmission. However, the RACH preamble should be selected from the set of resources corresponding to the best selected DL beam. 
Proposal #2: UE re-starts power ramping-up process when the UE changes the preferred DL beam.

2.2. gNB Assisted UL Tx Beam Selection at UE

As discussed in [4], during initial access, the gNB is unaware of the UEs’ Tx/Rx beam correspondence capabilities, i.e. whether UE has Tx/Rx beam correspondence or not. If the gNB were to configure different PRACH resources to be used by the UE depending on its Tx/Rx correspondence capabilities, this would significantly increase the PRACH overhead, which is undesirable from a network efficiency point of view.

Observation #2: gNB is unaware TX/RX beam correspondence capabilities of UEs that may start performing initial access into the cell.

In case the UE has Tx/Rx correspondence, the UE can deterministically determine the UL Tx beam used for RACH message 1 (RACH preamble) based on the best DL Rx beam used to receive the synchronization channels. Subsequently, this beam is used to receive the RACH message 2 (Random Access Response), and transmit RACH message 3.

In case the UE does not have Tx/Rx correspondence, the UE can’t determine the best Tx beam to use for RACH message 1 based on the DL Rx beam used to receive the synchronization channels. Instead, the UE randomly or otherwise selects a beam to transmit RACH message 1, waits for the RAR to determine if the gNB is able to receive this beam or not. If RAR is not received, the UE tries a different beam, until it receives the RAR. The received RAR is associated with a preamble having a specific time, frequency and preamble identity. The beam used to transmit this preamble indicates the best Tx beam to use in the Uplink. This procedure is shown in Figure 2.

Observation #3: Lack of Tx/Rx correspondence at the UE, increases the complexity of the initial access procedure, increases access latency and leads to unnecessary interference.
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Figure 2: RACH procedure with no Tx/Rx beam correspondence at the UE.
In case the UE doesn’t have Tx/Rx correspondence, it would be beneficial to transmit multiple preambles from different panels or on different beams during the same RACH sweep. This reduces the latency required for initial access. The preambles may be multiplexed in time, frequency or code domains. Each preamble is received independently by the gNB and has its associated Random Access Response, in fact should the gNB receive more than one of these preambles, it would be unaware that they are from the same UE – hence the UE Tx/Rx correspondence capability is kept transparent to the gNB.

To assist the UE in determining which beam to use, in case it receives more than one RAR, the gNB measures the quality of the RACH preamble signal and feedbacks this information to the UE in the RAR. The UE uses the beam associated with the RAR that has the best signal quality metric for subsequent transmissions. The signal quality metric could be the RACH preamble signal power, the RACH preamble signal-no-noise ratio or some other metric. This procedure is shown in Figure 3.

Observation #4: In case the UE doesn’t have Tx/Rx correspondence, transmitting multiple preambles during the same RACH sweep reduces the initial access latency.

Proposal #3: gNB provides a signal quality metric in the Random Access Response, to allow the UE to select the best UL Tx beam.
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Figure 3: Random Access Procedure with no Tx/Rx Correspondence at UE, and with UE transmitting multiple Preambles during one RACH Sweep.
In case when the network is overloaded, the gNB should have the ability to limit the number of independent preambles the UE can transmit during a RACH sweep. The maximum number of RACH preambles is broadcast to the UE as part of the System Information.

Proposal #4: The network broadcasts to the UEs the maximum number of preambles that can be independently sent by one UE during a full RACH sweep.

2.3. Association between RACH Preamble Occasions and RAR Reception Window

There are two ways to associate a RACH preamble occasion with the Random Access Response (RAR):
· A one-to-one mapping between the RACH preamble occasion and the RAR. i.e. for each RACH preamble occasion, there is one and only one RAR window. Figure 4 shows an illustration of this option.
· A many-to-one mapping between the RACH preamble occasions and the RAR. i.e. for multiple RACH preamble occasions there is one RAR window. Figure 5 shows an illustration of this option.
Each preamble occasion consists of one or multiple repeated preambles. During each RACH occasion, the UE uses the same Tx beam, however a different Tx beam can be used between RACH preamble occasions.
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Figure 4: One to one mapping between RACH preamble occasions and RAR.
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Figure 5: Many to one mapping between RACH preamble occasions and RAR.
Having multiple RACH preamble occasions mapped to the same RAR reception window increases the latency, as the gNB would wait for the last RACH preamble occasion before sending a response for the first preamble occasion. Furthermore, if the RAR doesn’t distinguish the time instance of the RACH preamble occasion, the probability of collision increases. Finally, if the RAR does distinguish the time instance of the RACH preamble occasion, the UE would not be able to determine the best UL Tx beam to use for subsequent transmissions.
Observation #5: Having a many-to-one mapping between RACH preamble occasions and the RAR reception window, can lead to following drawbacks

1. Increases RACH procedure latency

2. Increases RACH procedure collision rate

3. UE ambiguity in determining the best UL Tx beam.

Proposal #5: There is a one-to-one mapping between the RACH preamble occasions and the RAR reception window. During each RACH preamble occasion, the UE uses a single UL Tx beam.

3. Conclusions
Observation #1: In single-beam DL and UL configuration (both gNB and UE), power ramp-up may be used for preamble re-transmission. 
Proposal #1: Whether to prioritize power ramp up, TX beam switch or PRACH preamble resource selection during random access procedure when no RAR is detected is up to UE as long as the UE follows the PRACH configuration and transmit power control rules.

Proposal #2: UE re-starts power ramping-up process when the UE changes the preferred DL beam.

Observation #2: gNB is unaware TX/RX beam correspondence capabilities of UEs that may start performing initial access into the cell.

Observation #3: Lack of Tx/Rx correspondence at the UE, increases the complexity of the initial access procedure, increases access latency and leads to unnecessary interference.

Observation #4: In case the UE doesn’t have Tx/Rx correspondence, transmitting multiple preambles during the same RACH sweep reduces the initial access latency.

Proposal #3: gNB provides a signal quality metric in the Random Access Response, to allow the UE to select the best UL Tx beam.

Proposal #4: The network broadcasts to the UEs the maximum number of preambles that can be independently sent by one UE during a full RACH sweep.

Observation #5: Having a many-to-one mapping between RACH preamble occasions and the RAR reception window, can lead to following drawbacks

1. Increases RACH procedure latency

2. Increases RACH procedure collision rate

3. UE ambiguity in determining the best UL Tx beam.

Proposal #5: There is a one-to-one mapping between the RACH preamble occasions and the RAR reception window. During each RACH preamble occasion, the UE uses a single UL Tx beam.
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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.


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: 


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
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