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1. Introduction
In RAN1#86bis and RAN1 #87 meeting random access procedure for NR has been discussed considering Tx/Rx beam reciprocity assumptions at the TRP side. During the discussion the following agreements were reached:
	
Agreements on Msg 1 preamble design
· 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
· Following options can be further considered for the consecutive multiple/repeated RACH preambles, 
· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 3: The same RACH sequences with CP/GT is used
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences
· Option 5: Different RACH sequences with CP/GT is used
· For options 2 and 3, study further that the same RACH sequences with and without GT can be further multiplied with different orthogonal cover codes and transmitted.
· For example, the consecutive multiple/repeated RACH preambles would be used when Tx/Rx beam correspondence does not hold at TRP
· Other options are not precluded
· For a single RACH preamble transmission, CP/GT are required
· For example, the single RACH preamble would be used when Tx/Rx beam correspondence held at both TRP or UE for multi-beam operation
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz
· X will be down selected from 5, 10, and 20MHz
· At least, one reference numerology for RACH preamble is defined, 
· 1.25 x n kHz
· 15 x n kHz
· Integer value of n is FFS
· Other values are not precluded
· Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency
· The following sequences can be considered for the evaluation
· ZC sequence
· m-sequence
· Other sequences are not precluded

Agreements on Resources for Msg 1
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resources can be informed by broadcast system information
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· 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
· FFS: Signaling of  “non-association”
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· 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.
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB

For further study in RAN1
· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal
· FFS: whether other parameters of each RACH resource subset can be different
· FFS: How the different RACH resource subset size information is conveyed to UE
· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario
· Other mechanisms to load balance RACH resource subset is not precluded


In this contribution we provide our views regarding PRACH preamble design and PRACH resource configuration.

2. PRACH Preamble
In NR, we must support at least one PRACH preamble format, i.e. short format, which can uniquely identify up to L different NR cells and up to M different UEs in each identifiable NR cells. In addition, we will need to support another PRACH preamble format, i.e. long format, which consists of multiple short formats to provide extended coverage and to be utilized in multi-beam operations.
In order to design the short PRACH preamble for NR, RAN1 needs to agree on few fundamental parameters. One of the key parameters is preamble bandwidth and subcarrier spacing. This parameter relates to potential sequence length and number of orthogonal sequences available for the preamble. The PRACH preamble structure should be design such that large low cross correlation sequences, intended for different NR cells, can be generated.
In case of single preamble transmission, we can consider two design principles. Define a narrow subcarrier spacing preamble with one long symbol, denoted as option A and as shown in Figure 1, or define wide subcarrier spacing preamble with multiple short symbols, denoted as option B and as shown in Figure 2.
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[bookmark: _Ref471693161][bookmark: _Ref471693151]Figure 1. Narrow Subcarrier Spacing and Long Preamble Symbol
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[bookmark: _Ref471693247]Figure 2. Wide Subcarrier Spacing and Multiple Short Preamble Symbols
Option A has the benefit that larger number of time domain cyclic shifts can be utilized to generate large sequence pool for PRACH. The available time domain cyclic shifts is dependent on the preamble symbol duration and the maximum channel delay spread, which is typically determined by the CP length. The receiver will be able to correctly isolate different time domain cyclic shifts as long as the channel delay isn’t larger than the cyclic shift interval. When Zadoff-Chu sequence is utilized for the preamble, additional cyclic shift restrictions is needed for high Doppler scenarios to avoid false peak ambiguity during detection. This was the design structure adopted for LTE. The expected subcarrier spacing for option A is  N × 1.25 kHz, and it can be different from the subcarrier spacing of data/control signals configured for uplink eMBB transmissions.
In option B, the available time domain cyclic shifts for each preamble symbol is limited, and will be smaller than Option A. We can potentially increase the overall sequence number by using different time domain cyclic shifts among all the preamble symbols. For example, if the number of time domain cyclic shifts per preamble symbol is 6 and there are 10 preamble symbols, in theory we can represent 610 ≈ 60×106 different identities. However, there will be significant false alarm issues when more than two UEs transmit the PRACH using the same base sequence with different set of cyclic shifts. The added benefit for option B is that the PRACH preamble structure can be designed such that it can support various overall time duration for PRACH. Furthermore, as discussed in RAN1 #87, PRACH with multiple preamble format should support some form of multi-preamble symbol structure. Therefore, option B has the potential possibility of align the design principle and structure between a single preamble format and multiple preamble format. The expected subcarrier spacing for option A is  N × 15 kHz. Option B has the added benefit of being able to align the subcarrier spacing of the PRACH preamble with data control signals configured for uplink eMBB transmission. This potentially allows a simpler detection and processing of PRACH signals at the gNB side.
Proposal 1: For the short PRACH preamble format, RAN1 considers further between (i) a single preamble symbol with narrow subcarrier spacing of that of uplink eMBB data/control signals, or (ii) multiple preamble symbols with equal to subcarrier spacing of that of uplink eMBB data/control signals.
Proposal 2: The long PRACH preamble format, will be a repetition of multiple short PRACH preambles. FFS, on CP and GT insertion between multiple short PRACH preambles, and whether the short PRACH preambles need to be identical or not.

3. Non-uniform Resource Selection
TRP with Tx/Rx beam reciprocity
In NR multiple beam based operation may be used for initial access procedure. In this case synchronization signals can be transmitted from TRP using different beams where each beam may be associated with different PRACH resource. UE based on synchronization signal detection may chose the appropriate PRACH resource for RA preamble transmission. It should be noted that due to non-uniform angular distribution of the UEs in the served geographical area the probability of selecting different beams may be different. As the result, the probability of transmitting signal in different PRACH resource may different. 
[image: ]
Figure 1. Beam selection probability at TRP side
Figure 1 shows the beam selection probability at macro TRP side for dense urban scenario. It can be seen that from TRP perspective, some of the beams can be selected more frequently by the UEs comparing to the other beams. As the result, the PRACH resources associated with these beams used by the UEs more frequently are likely to have higher collision probability and interference levels comparing to PRACH resources associated with beams less frequently selected by the UE.
To provide load balancing across different PRACH resources, each beam may be associated with different number of PRACH resources. More specifically, more PRACH resources in the frequency and time domain can be allocated for the corresponding RA preamble transmission for more loaded beams to reduce the collision probability and interference levels. The amount of the allocated resource can be signalled to the UE via broadcast message. In addition for the UEs detecting multiple TRP beams, power offset parameter can be used for each of the transmitted TRP beam for determination of the best received beam at the UE side. 
Proposal 3: For TRP with Tx/Rx beam reciprocity to achieve load balancing across PRACH resources associated with different Tx beams, consider configuration of the different amount of PRACH resources 

TRP without Tx/Rx beam reciprocity
For the scenarios, where the Tx/Rx beam reciprocity can not be guaranteed at TRP side, TRP should perform beam sweeping operation in order to receive the PRACH procedure. For the purpose PRACH transmission should support repetition structure. The amount of PRACH resource repetition can be indicated to the UE via broadcast message. Since the Tx/Rx beam reciprocity can’t be guaranteed the selected beam should be indicated to the TRP via Msg X transmission that should contain the some indicator to the reference signals resource associated with the selected beam. The time duration granularity of the PRACH resource should be available in units of integer number of OFDM symbols to provide efficient use of radio resources (e.g. no wasted resources) and flexibility for future extension of NR.
Proposal 4:NR should support of variable PRACH resource configuration. The time duration granularity of PRACH resources should be available in unit of ‘L’ integer number of OFDM symbols. FFS, the value of L. 

4. Semi-Static and Dynamic PRACH Resource Configuration
PRACH is persistently allocated in a LTE system. The PRACH configuration index, which is broadcasted in SIB-2, indicates SFN and sub-frames to give the exact position of PRACH. Similar approach can be used in NR. However, in mmWave, gNB relies on RF beamforming to achieve the desirable cell coverage, and the number of RF beams (a.k.a. sectors) can be quite large, e.g. 128. As a result, the amount of resource for persistent PRACH allocation may increases significantly. 
For example, if a RA slot occupies two symbols, and PRACH occupies 8 sub-bands among which UE may randomly select one to send RA preamble.  To cover all 128 gNB beams, one PRACH allocation will occupy 128 x 2 = 256 short preamble durations. If short preamble duration is 4us, one PRACH allocation can be as long as 1.024 ms. This results in an overhead of 20% with the PRACH periodicity of 5ms.
It may be challenging to optimize PRACH resource allocation for initial access, because gNB has little knowledge about the UEs, and may need to sweep all RF beams to cover the entire cell.  However, for CONNECTED UEs, if gNB knows the best (gNB) beam of a UE, it may be more efficient to have gNB dynamically schedule PRACH using only the best gNB beam(s) instead of all RF beams. gNB may indicate such PRACH allocation dynamically using downlink control signals. Figure 3 shows an illustration of persistent and dynamic PRACH resource allocations by the network.


[bookmark: _Ref471697093]Figure 3. Persistent and Dynamic PRACH allocation
It should be also noted that dynamic PRACH allocation is not necessarily limited to gNB with full Tx/Rx reciprocity. It may be possible to support dynamic PRACH allocation with partial or no gNB Tx/Rx reciprocity. This is to additionally support NR cell handover to cells that have different Tx/Rx reciprocity conditions compared to the serving cell. We propose to support the same set of PRACH configurations for dynamic PRACH resources as persistent PRACH resources. Figure 4 shows an example about how to associate PDCCH with dynamic PRACH resources under various gNB reciprocity conditions. 


Figure 4. Dynamic PRACH resources and associated Downlink Control Channel

Proposal 5: NR shall support both persistent PRACH resource allocation and dynamic PRACH resource allocation.

5. [bookmark: _GoBack]Summary
In this contribution we provide our views regarding PRACH procedures in NR. Based on the discussion the following proposals were made:
Proposal 1: For the short PRACH preamble format, RAN1 considers further between (i) a single preamble symbol with narrow subcarrier spacing of that of uplink eMBB data/control signals, or (ii) multiple preamble symbols with equal to subcarrier spacing of that of uplink eMBB data/control signals.
Proposal 2: The long PRACH preamble format, will be a repetition of multiple short PRACH preambles. FFS, on CP and GT insertion between multiple short PRACH preambles, and whether the short PRACH preambles need to be identical or not.
Proposal 3: For TRP with Tx/Rx beam reciprocity to achieve load balancing across PRACH resources associated with different Tx beams, consider configuration of the different amount of PRACH
Proposal 4: NR should support of variable PRACH resource configuration. The time duration granularity of PRACH resources should be available in unit of ‘L’ integer number of OFDM symbols. FFS, the value of L. 
Proposal 5: NR shall support both persistent PRACH resource allocation and dynamic PRACH resource allocation.


7/7
image1.emf
…

Freq.

Symbol #1

C

P

Preamble

Freq.

Option A)


image2.emf
…

…

…

…

Freq.

Freq.

Freq.

Symbol #1

Symbol #2

Symbol #N

CP

Preamble

Freq.

CP

Preamble

CP

Preamble

CP

Preamble

…

CP

Preamble

Option B)


image3.emf
0

5

10

15

0

5

10

15

0

0.01

0.02

0.03

0.04

0.05

vert. beam index

Beam selection probability

horz. beam index

Prob


image4.emf
DL

Subframe

UL

Subframe

Persistent 

PRACH 

allocation

Persistent PRACH Periodicity = 20 subframes

PRACH allocation duration = 1 subframe 

(50symbols, 25 gNB beams)

UL

Subframe

DL

Subframe

PDCCH

Dynamic PRACH allocation 

(2 symbols, 1 gNB beam)

8 sub-bands


oleObject1.bin
DL
Subframe


UL
Subframe


Persistent PRACH allocation


Persistent PRACH Periodicity = 20 subframes


PRACH allocation duration = 1 subframe (50symbols, 25 gNB beams)


8 sub-bands


UL
Subframe


DL
Subframe


PDCCH


Dynamic PRACH allocation 
(2 symbols, 1 gNB beam)



image5.emf
P

D

C

C

H

RACH 

Resource

P

D

C

C

H

RACH 

Resource

RACH 

Resource

P

D

C

C

H

RACH 

Resource

RACH 

Resource

RACH 

Resource

RACH 

Resource

RACH 

Resource

RACH 

Resource ...

Full gNB 

Reciprocity

Partial gNB 

Reciprocity

No gNB 

Reciprocity


oleObject2.bin
P
D
C
C
H


RACH Resource


P
D
C
C
H


RACH Resource


RACH Resource


P
D
C
C
H


RACH Resource


RACH Resource


RACH Resource


RACH Resource


RACH Resource


RACH Resource


...


Full gNB Reciprocity


Partial gNB Reciprocity


No gNB Reciprocity



