3GPP TSG-RAN WG1 Meeting #85
R1-165377
Nanjing, P. R. China 23rd – 27th April 2016
Agenda item:

7.1.7
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Random access principles for New Radio
Document for:

Discussion and Decision
1
Introduction

This contribution we propose a basic approach for RACH design for the New Radio. We foresee both using the LTE-type multi-step RACH scheme as well as a more single-shot-type RACH design. In addition, the NR design is expected to support hybrid/analogue Tx and Rx beamforming discussed more in contribution [3]. Designing the PRACH to efficiently work in the environment where analogue beam forming is supported requires some additional aspects to be taken into account. Contribution [4] discusses the necessary signals needed for the UE to discover the network and touches on how the RACH design can be fitted into the environment where analogue beamforming is used.
2
Discussion

The 3GPP RAN is developing the Technical Report on the requirements for the New Radio [2], and vastly different deployment scenarios are currently being discussed. Cell radii of several hundred km are foreseen and even geostationary satellite access has been suggested, and deployments ranging from sub-1 GHz with a very limited number of antennas up to 100 GHz with analogue/hybrid beamforming methods and very wide bandwidth allocations are among the requirements. It appears obvious that a single static RACH design won’t be able to well scale to these vastly different environments NR is expected to cover.
The method for LTE RACH to support different cell radii was to define multiple PRACH preamble formats with different CP duration for absorbing the signal propagation round trip delay. Further the PRACH preamble sequence length used in a particular cell can be configured to be of different lengths. After the eNB successfully detects the PRACH preamble it will respond with a grant for the UE to transmit the actual RACH message. A Timing advance values is provided with the grant in order to compensate for the signal RTD so that the RACH message can be transmitted with the normal CP.

The LTE PRACH preamble formats are copied below for reference
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Figure1: Figure 5.7.1-1: Random access preamble format. [5]

Table 1: Table 5.7.1-1: Random access preamble parameters. [5]
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* Frame structure type 2 and special subframe configurations with UpPTS lengths 
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2.1
RACH in large cell environment

In wide-area deployments with fairly large cell radii, it is likely that a timing advance adjustment similar to the one used in LTE is needed to offset different propagation delays will be needed to maintain time and frequency orthogonality of the uplink data transmission. At the time of initial access, the UE typically does not have enough information to adjust its TA setting properly, and thus a special allocations for purpose-designed PRACH preamble sequences with sufficiently large guard time / cyclic prefix is used to offset the impact of propagation delay differences. The base station can measure the signal round trip delay from the preamble reception timing, provide offsetting TA adjustment to the UE, and the actual random access message transmission takes place with an accurate TA setting like any uplink data transmission. In other words the LTE design is well suitable for these ‘fairly large cells’.
We see this above-described approach viable for 5G NR wide area deployments as well, and given the large span and long tail of the cell radius distribution, there needs to be a sufficiently wide set of PRACH preamble configurations to support very large radius cells too, noting that the original LTE Rel-8 design was intended to support up to 100 km cell radius.
Proposal 1: The LTE-type PRACH preamble – grant with TA – RACH message procedure should be supported
2.2
RACH in small cell environment

Again considering the LTE design, the TA adjustment is not really needed in cells with radii of 200-500 meters, depending on what assumption is considered for the channel delay spread and the UE Rx-Tx turn-around-time accuracy, as the CP can absorb the propagation delay variations. Thus where the deployment environment so allows it would be possible to bypass the preamble-grant-message ping-pong and directly transmit the data with the preamble especially so in an orthogonal system where occasional transmit power overshoot is not detrimental and a careful preamble power ramp-up phase can be substituted with a more aggressive open loop power control configuration. Further, the PRACH sequence can be used as DMRS when demodulating the message part assuming that the overall transaction duration is sufficiently short.
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Figure 2: One-shot random access format
Proposal 2: A collapsed PRACH preamble + RACH message structure should be considered at least for smaller cells

2.3
RACH and analogue/hybrid beamforming

A beamforming scheme balancing e the performance and hardware cost consisting of digital precoding and analogue beamforming is considered for NR.

When digital only precoding is used, there are no new design constraints to be considered than those already taken into account in LTE design. Analogue beamforming or analogue component of the hybrid beamforming is wideband beamforming that lights one part of the cell and leaves other parts in the dark for any given moment when used. As discussed in [3], the analogue beamformer component is to be considered for both the base station Tx and Rx directions, and this needs to be considered in the RACH scheme design.
The potential problems arising from analogue Tx and Rx beamformer component are: 
1) Since analogue beams are directional on the whole band, how to guarantee the successful reception of preambles initialed from any location in a cell, and 
2) how to guarantee the successful reception of RARs for multiple desired UEs. 
3) To fully exploit the beamforming gain, the beam transmission/reception direction should be well aligned with the direction of the propagation path. This method will work well when a UE has a connection with its serving base station. However, in the random access phase the DL and UL beam pairing needs to be guaranteed in other ways.   
Potential solutions for adapting the RACH design to a system where analogue beamforming component is used are to use sweeping in both transmit and receive beamforming. 
[image: image17.png]toss trnss

BS beams for BS beams for
discovery signaling PRACH RX

Association 'T‘





Figure 3: Association between base station beams and PRACH

This is further discussed in [4].
Proposal 3: Base station transmit and receive beamforming with analogue component should be supported for RACH procedures in NR

3
Conclusions
The following proposals for NR RACH design principles are made:
Proposal 1: The LTE-type PRACH preamble – grant with TA – RACH message procedure should be supported

Proposal 2: A collapsed PRACH preamble + RACH message structure should be considered at least for smaller cells

Proposal 3: Base station transmit and receive beamforming with analogue component should be supported for RACH procedures in NR
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