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Introduction
During RAN1#86bis, RAN1 captured the following agreements regarding RACH preamble [1]:. 
Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 
· RACH preamble format with shorter preamble length
· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported
· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
This contribution discusses the RACH preamble format considering beam correspondence

1 
2 
Discussion on RACH preamble format
The multi-beam based random access procedure with and without beam correspondence is described in [2]. Especially, regarding the RACH preamble transmission procedure, the RACH structure based on multiple beamforming can have different format depending on whether beam correspondence holds or not at TRP side. 
When beam correspondence holds at TRP side, UE can transmit RACH preamble is transmitted using the selected preamble index and transmission power on RACH resource associated with TRP Rx beam side which has beam correspondence with TRP Tx beam. Fig 1 shows the relationship between RACH resource and the TRP Rx beam.



Figure 1. An example of the relationship between RACH resource and the Rx beam index at eNB

Figure 2 and Table 1 show the RACH preamble transmission for the TRP with beam correspondence. 



Figure 2. The RACH transmission with beam correspondence

Figure 2 shows that TRP sweeps its Rx beam during RACH transmission while UE transmits RACH preamble with fixed UE Tx beam. One RACH resource for Rx beam consists of GP, CP and RACH symbol. Multiple UEs can be multiplexed by RACH resource associate with TRP Rx beam. However, in order to support beam division multiplexing access during one RACH occasion, the GP between each RACH resource should be inserted to avoid ISI caused by different propagation delay between TRP and each UE. For example, let’s assume that two UEs transmit RACH preamble on RACH resource associated with TRP Rx beam #0 and #1, respectively. A UE1 on TRP Rx beam #0 is located far from the TRP than a UE2 on TRP Rx beam #1. ISI can be avoided due to previous symbol while TRP detects RACH for UE 2 on TRP Rx beam #1 by CP. However, ISI might be occurred due to following symbol when TRP detects RACH for UE 1 on TRP Rx beam #0 if there is no GP in each RACH resource. Table 1 shows the multiple preamble formats to support various RACH coverages. 

Table 1: Random access preamble parameters for the TRP with beam correspondence
	Preamble format
	

	

	

	Note

	0
	

	

	

	


should be longer than round-trip delay

is length for RACH sequence 

is the length of guard interval



Observation 1: With TRP beam correspondence, one RACH resource can be consisted of CP, GP and RACH symbol.


 Figure 3. An example of RACH resource without beam correspondence

Without beam correspondence, a UE should transmit multiple RACH symbols repeatedly on multiple RACH resources in one RACH occasion to cover all TRP Rx beams. UE uses one of UE Tx beams in one RACH occasion.  To allow more Rx beam sweeping at TRP side, it is desirable that consecutive RACH symbols are transmitted in one RACH occasion. Figure 4 shows the consecutive RACH transmissions without GP. 



Figure 4. The RACH preamble transmission for the TRP without beam correspondence

TRP can receive RACH symbol from each UE with TRP Rx beam index sweeps and detect RACH symbol when TRP Rx beam index and UE Tx beam index is aligned. It is marked with grey color in figure 4. Even if multiple UEs are trying to transmit RACH preamble, orthogonality between multiple UEs with different Rx beam index can be maintained thanks to consecutive RACH symbols. However the number of available multiplexing UEs may be decreased comparing to the scenario with beam correspondence. In order to support flexible RACH coverage, TRP can use one RACH symbol or combine multiple RACH symbols. TRP should inform UE that how many repetitions would be needed for RACH transmission corresponding to the number of TRP Rx beam indices via SIB[4]. Thus, single preamble format for RACH symbol can be considered represented in Table 2. 

Table 2: Random access preamble parameters without beam correspondence
	Preamble format
	

	

	

	Note

	1
	

	

	

	A UE transmits consecutive ‘K’ RACH symbols during RACH occasion. The value of K should be indicated to UE via higher layer signalling





Observation 2: Without TRP beam correspondence,  is K times longer than  for preamble format 0. K is indicated from higher layer signalling
Proposal 1: Study different RACH preamble format to support the cases with TRP with and without beam correspondence. 
Proposal 2: Preamble formats to support various cell coverages should be further studied.

Conclusions
This contribution discusses the RACH preamble formats. The observations and proposals are as follows:
Observation 1: With TRP beam correspondence, one RACH resource can be consisted of CP, GP and RACH symbol.


Observation 2: Without TRP beam correspondence, the sequence length, , is K times longer than  for preamble format 0. K is indicated from higher layer signalling
Proposal 1: Study different RACH preamble format to support the cases with TRP with and without beam correspondence.
Proposal 2: Preamble formats to support various cell coverages should be further studied.

References
[1] Chairman’s Note of 3GPP TSG RAN WG1 #87.
[2] R1-1612466, “RA procedure with and without beam correspondence”, Samsung
oleObject1.bin

image2.emf
Rx Beam index  ＇ 0' Rx Beam index＇1'

UE1 Tx

RACH occasion

TRP Rx

Rx Beam ＇ n-1'



RACH symbol

G

P

Rx Beam ＇n-2'

C

P

RACH symbol

G

P

C

P

RACH symbol

G

P

C

P

RACH resource

RACH symbol

G

P

C

P



RACH symbol

G

P

C

P

UE2 Tx

RACH symbol

G

P

C

P

RACH symbol

G

P

C

P

RACH symbol

G

P

C

P

RACH symbol

G

P

C

P



RACH symbol

G

P

C

P

Window for RACH  

detection

ICI occurred

RACH resource RACH resource RACH resource


oleObject2.bin
Rx Beam index  ＇0'


Rx Beam index＇1'


UE1 Tx


RACH symbol


GP


CP


RACH resource


RACH resource


RACH resource


Rx Beam ＇n-2'


CP


RACH symbol


RACH occasion


GP


RACH symbol


GP


CP


RACH resource


RACH symbol


GP


TRP Rx


CP


Rx Beam ＇n-1'


RACH symbol


GP


CP


UE2 Tx


RACH symbol


GP


CP


RACH symbol


GP


CP


RACH symbol


GP


CP


RACH symbol


GP


CP


RACH symbol


GP


CP


Window for RACH  detection


ICI occurred



image3.wmf
CP

T


oleObject3.bin

image4.wmf
GP

T


oleObject4.bin

image5.wmf
SEQ

T


oleObject5.bin

image6.wmf
s

MT

×


oleObject6.bin

image7.wmf
s

GT

×


oleObject7.bin

image8.wmf
s

NT

×


oleObject8.bin

image9.wmf
(

)

s

:1/,   : subcarrier spacing, : FFT size 

 

FFTFFT

TfNfN

D´D


oleObject9.bin

image10.wmf
M


oleObject10.bin

image11.wmf
N


oleObject11.bin

image12.wmf
G


oleObject12.bin

image13.emf
UE Tx

RACH resouce RACH resouce RACH resouce RACH resouce

RACH occasion

TRP Rx



RACH resouce RACH resouce RACH resouce RACH resouce 

Time

Time

UE transmit RACH preamble 

repeatedly on NRACH 

resources with fixed Tx 

beam

1 N-1 2 N-2

Each RACH resource is 

associated with TRP Rx 

beam


oleObject13.bin
RACH resouce



image14.emf
RX Beam index  ＇ 0' RX Beam ＇ 1'

CP

RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol

G

P

One RACH occasion

TRP Rx

UE transmits RACH preamble on fixed Tx beam

RACH symbol

G

P





RX Beam index  ＇ n-3' RX Beam ＇ n-2' RX Beam ＇n-1'

RACH symbol

RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol RACH symbol

G

P

RACH symbol



RACH symbol

RACH resource

Propagation delay

UE Tx

RACH resource RACH resource RACH resource RACH resource

Window for RACH detection


oleObject14.bin
RX Beam index  ＇n-3'


RX Beam ＇n-2'


RX Beam ＇n-1'


RX Beam index  ＇0'


RX Beam ＇1'


CP


RACH symbol



oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

image15.wmf
s

KNT

××


oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

image1.emf
DL BCH/SS

TRP Tx

UE Rx

RACH resources

TRP Rx

Time

Time

UE detected 

BCH/SS

Tx beam is the same beam 

used for receiving BCH/SS

UE Tx


