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1. Introduction
In last RAN1 Adhoc meeting in September, the following agreement was made regarding the RACH configuration,

Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval

· FFS: time interval e.g 5/10/20ms

· FFS pattern

· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH

· FFS: Within each slot 

· Alt1: RACH resources within a slot are consecutive

· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

In RAN1 #89 meeting, the supported periodicities for semi-static assignment of DL/UL transmission direction for NR are agreed as follows, 
Agreements:
· Regarding to the periodicity that included in the higher layer signalling for the semi-static assignment of DL/UL transmission direction for NR, at least the following values are supported:

· [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms;

· Each periodicity is supported for particular SCS(s)/slot duration(s)

· FFS: details
In RAN1 #89 meeting, there were also agreements on supporting SUL as complimentary access link to NR operation.
Agreements:

· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion
All the above agreements will impact the RACH resource configuration. In this proposal, we provide our general view on the RACH configuration, especially on the configuration parameters that are needed in addition to the current LTE parameters according to the above agreements. Besides, we discuss the detailed design of PRACH resource configuration for below and above 6GHz. This contribution is revised from R1-1716046..
2. Discussion on RACH configuration
2.1 RACH configuration in LTE 
In LTE, the following basic PRACH configuration parameters are broadcast in SIB2 to IDLE mode UEs, or signaled to CONNECTED mode UEs via RRC signaling:

PRACH-Config
	Configuration parameters
	Details

	Root Sequence Index
	PRACH preamble sequence root index

	PRACH Configuration Index
	Jointly indicates preamble format and available PRACH resource  in time domain

	Zero Correlation Zone Configuration
	NCS configuration

	High Speed Flag
	Restrict cyclic shift set for high speed scenario

	PRACH Frequency Offset
	Indicates the PRACH frequency starting position


RACH-ConfigCommon:
	Configuration parameters
	Details

	Preamble Information
	Indicates the number of RA preamble for contention-based and Group A configurations

	Power Ramping Parameters
	Indicates power ramping step and the preamble initial target receive power

	Supervision Information
	Indicates the maximum number of preamble transmissions and the RAR window size

	Maximum HARQ for Msg3 Tx
	Indicates the maximum number of Msg3 HARQ transmissions


And the following dedicated configuration is signaled to UE via RRC signaling or DCI to specify the dedicated RACH parameters for non-contention-based PRACH.

RACH-ConfigDedicated
	Configuration parameters
	Details

	ra-PreambleIndex
	Indicates the dedicated preamble index

	ra-PRACH-MaskIndex
	Indicates the actual PRACH resource that can be used by UE


The configuration parameters in LTE are mainly the preamble parameters, time and frequency locations of RACH resources, supervision window information and power ramping parameters. 
2.2 Special considerations on RACH configuration in NR
In NR, due to the flexible design of numerology, the existing parameters may need to consider some more flexible indication and some new configuration parameters will be needed in the broadcast system information or dedicated signaling due to the impact of SUL and semi-static UL/DL configuration. 
· Impact on RACH resource indication due to multiple numerologies 
In LTE, the PRACH resources determined by PRACH configuration index and PRACH Frequency Offset are in terms of subframes(1ms) and RBs. 
In NR, due to the multiple numerologies and wider frequency ranges, the preamble formats may occupy fewer than 1ms and due to the flexible slot structure, the indication of available RACH resources should be carefully designed.
Another important feature different from LTE is that due to the wider frequency ranges and  more flexible deployment scenarios in NR, there may be cases that the numerology for timing in the UL is different from the numerology for timing in the DL. Therefore the PRACH configuration should be able to indicate the UL numerology to the UE so that UE can have correct understanding of the available RACH resource, RAR window start position, RAR window duration and so on.
Proposal 1: The indication of time and frequency position of PRACH resource as well as RAR window indication, e.g. PRACH Configuration Index and Supervision Information fields, should take into account of multiple numerologies and different UL and DL numerology. 
· Impact on RACH configuration due to SUL 
Considering the agreements in last RAN1 meeting that UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency, it is preferred that two RACH configurations, i.e., including different numerologies, periodicities, preamble formats, etc, are broadcasted and the UE can choose which configuration to use according its downlink measurement based on SS blocks. 
Proposal 2: Two RACH configurations pertaining to different UL frequencies due to SUL operation are broadcasted in RMSI, i.e., add a new field - PRACH Configuration Index for SUL. 
· Impact on RACH resource indication due to semi-static UL/DL configuration

Several candidates have been agreed as the periodicity fo semi-static UL/DL configuration, including [Roughly 0.125ms, roughly 0.25ms,] 0.5ms, 1ms, 2ms, 5ms, 10ms. From the PRACH preamble format design agreed in last meeting, it can be observed that some semi-static UL/DL periodicities requires PRACH preamble formats with less than 1ms duration. With the possible more formats introduced due to multiple SCSs in PRACH format design, it is preferable to carefully design the RACH resource configuration and indications accordingly.
Proposal 3: The RACH resource configuration, especially the periodicity for RACH resource (the Density field in the PRACH Configuration Index table) should take the semi-static UL/DL periodicity into consideration.
Another discussion point is whether the PRACH can be transmitted on flexible resources. Allowing contention-based PRACH on flexible resources would enforce the gNB to detect PRACH on flexible resources, which implies that the flexible resource is essentially fixed UL. However, PDCCH-ordered PRACH on flexible resources is still possible. The major advantage of allowing PRACH on flexible resource is to improve PRACH capacity, especially for the configurations with small UL resources. Therefore, it is proposed:

Proposal 4: Contention-based PRACH shall not be transmitted on flexible resources. Support PDCCH-ordered PRACH on flexible resources if technically feasible. 
3. Design of PRACH resource configuration
According to the current agreements of PRACH preamble formats, for the long sequence, the duration of the four preamble formats are 1ms (two preamble formats), 3ms and 3.5ms, respectively, while for the short sequence, formats with 1,2,4,6, and 12 OFDM symbols are supported, where SCS 15KHz and 30KHz are supported in below 6GHz and SCS 60KHz and 120KHz are supported in above 6GHz.

In last meeting, is was discussed that a slot that contain PRACH resource(s) and its corresponding pattern into a larger time interval will be defined in NR. 

Regarding the numerology of the PRACH slot itself, it is reasonable to follow the numerology of the configured preamble format. 
Regarding the mapping of PRACH slot into a larger time interval, or how to indicate the time resource of the PRACH slot, multiple numerologies are available, where the SS block numerology, the RMSI numerology as well as the PRACH preamble format numerology can be used. However, considering the configuration overhead, the RMSI numerology and the PRACH preamble format numerology are less preferred.  Consider that for a frequency band above 6GHz, where 120KHz SS block numerology is defined, the corresponding RMSI numerology can be 60KHz or 120KHz, therefore doubling the indication overhead as compared to SS block. Thus we make the following proposal:
Proposal 5: The numerology of the slot that contain PRACH resource(s), the numerology of the configured preamble format can be used. The reference numerology for indicating PRACH timing resource within a larger time interval is in terms of SS block numerology for simple indication and fewer overhead. 
According to the agreed semi-static UL/DL configuration, where for a given semi-static UL/DL configuration periodicity, a subset of resources is indicated as fixed DL and UL transmission through higher layer signaling. To avoid DL to UL interference from remote base stations as much as possible, it is proposed that the GP between DL and UL is reserved as much as possible. Therefore, it is preferred that the PRACH resource which is always reserved for uplink transmission exists at the very end of a configured periodicity. In case that no semi-static UL/DL configuration is configured, for a unified understanding, it is proposed that the configured PRACH preamble format occupies the very end of the configured PRACH resource.
Proposal 6: The PRACH preamble formats always occupy the very end of a configured semi-static UL/DL periodicity or the very end of the configured subset of resource in case of no semi-static UL/DL periodicity is configured.
3.1 PRACH resource configuration for below 6GHz
In LTE, the PRACH resources are indicated in terms of subframe unit, where the PRACH configuration index indicates which subframe(s) is the available PRACH resource, except for PRACH preamble format 4 transmitted in UpPTS.    
In NR, the duration of the agreed PRACH preamble formats for below 6GHz can be summarized as follows, 

Table 1. Duration of PRACH preamble formats for below 6GHz
	
	Long Sequence
	Short Sequence

	Duration
	1ms
	3ms
	3.5ms
	
	12 symbols
	6 symbols
	4 symbols
	2 symbols
	1 symbol

	
	
	
	
	15KHz
	0.86ms
	0.43ms
	0.285ms
	0.143ms
	0.071ms

	
	
	
	
	30KHz
	0.43ms
	0.22ms
	0.143ms
	0.071ms
	0.036ms


From Table 1, it can be observed that for long sequence formats, the corresponding duration is in terms of subframe(s), while for short sequence formats, the corresponding duration is in terms of symbol. However, if the end of PRACH always occupies the last symbol of configured subframe for PRACH, there is no need for symbol level signaling even for short sequences. Therefore, the following is proposed: 
Proposal 7: For below 6GHz, the PRACH time resource is configured in terms of subframe unit. The configured subframe number indicates the ending subframe of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured subframe. 
In Table 2, an illustration of the configuration is provided, where the configured subframes take into account of both semi-static UL/DL periodicities and no periodicity configurations. The column of “number of consecutive preamble formats” are added to configure multiple preamble formats for gNB beam sweeping and/or multiple Msg 1 transmission if supported.

Table 2. Illustration of  PRACH configuration for below 6GHz
	
	SS block numerology
	PRACH preamble format
	SFN number
	Number of consecutive preamble formats
	Subframe number

	Value
	15KHz

	· 0-3
· A0-A3 (15KHz or 30KHz)
· B1-B4 (15KHz or 30KHz)
· C0, C2 (15KHz or 30KHz)
	· Even
· Odd
· All
	n
	· 4, 9  (5ms semi-static UL/DL periodicity)

· 9  (10ms periodicity)

· Even subframe

· Odd subframe

· Every subframe

	Value
	30KHz
	· 0-3

· A0-A3 (15KHz or 30KHz)

· B1-B4 (15KHz or 30KHz)

· C0, C2 (15KHz or 30KHz)
	· Even

· Odd

· All
	n
	· 9 ,19 (5ms semi-static UL/DL periodicity)

· 19 (10ms periodicity)

· Even subframe

· Odd subframe

· Every subframe


3.2 PRACH resource configuration for above 6GHz
In NR, the duration of the agreed PRACH preamble formats for above 6GHz can be summarized as follows, 

Table 3. Duration of PRACH preamble formats for above 6GHz (Short Sequence only)
	
	12 symbols
	6 symbols
	4 symbols
	2 symbols
	1 symbol

	60KHz
	0.214 ms
	0.107 ms
	0.071ms
	0.036ms
	0.018ms

	120KHz
	0.107 ms
	0.053ms
	0.036ms
	0.018ms
	0.009ms


For above 6GHz, the configuration unit can be in slots, and indicates the ending slot of the configured preamble format.
Proposal 8: For above 6GHz, the PRACH time resource is configured in terms of slot unit. The configured slot number indicates the ending slot of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured slot. 
In Table 2, an illustration of the configuration is provided, where the configured slots take into account of both semi-static UL/DL periodicities and no periodicity configurations. The column of “number of consecutive preamble formats” are added to configure multiple preamble formats for gNB beam sweeping and/or multiple Msg 1 transmission if supported.
Table 4. Illustration of  PRACH configuration for above 6GHz

	
	SS block numerology
	PRACH preamble format
	Subframe number
	Number of consecutive preamble formats
	slot number

	Value
	120KHz
	· A0-A3 (60 KHz or 120KHz)

· B1-B4  (60 KHz or 120KHz)

· C0, C2 (60 KHz or 120KHz)
	· Even

· Odd

· All
	n
	· 3, 7  (0.5ms semi-static UL/DL periodicity)

· 7 only (1ms periodicity)

· Even slot
· Odd slot
· Every slot

	Value
	240KHz
	· A0-A3 (60 KHz or 120KHz)

· B1-B4  (60 KHz or 120KHz)
· C0, C2 (60 KHz or 120KHz)
	· Even

· Odd

· All
	n
	· 7, 15  (0.5ms semi-static UL/DL periodicity)

· 15 only (1ms periodicity)

· Even slot

· Odd slot

· Every slot


· Impact on actual transmitted SS blocks due to RACH configuration
It can be observed that when a semi-static UL/DL periodicity is configured, such as 0.5ms or 1ms, the reserved PRACH resource may overlap with the reserved SS block resource 
In Figure 1, we provide an example illustration for such scenario, where according to the SS burst set composition, there are only 4 symbols left in the last slot of every 0.5ms, therefore, to transmit all the 64 SS blocks, only the preamble format with a maximum duration of 2 symbols (in terms of 120KHz) can be configured. In order to configure longer preamble formats, the corresponding SS block in the last slot of 0.5ms should be dropped. Therefore, the actual transmitted SS block pattern should also take into account of the PRACH preamble configuration.
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Figure 1 Illustration of 120KHz SS burst set composition and the available PRACH resources for 0.5ms semi-static UL/DL periodicity

According to the agreement in RAN 1 #90 meeting, both RRC signaling and RMSI are used to signal the actual transmitted SS block pattern, where in RRC signaling the full bitmap is signaled and in RMSI, compressed form is signaled.  In the following, we illustrate how the actual transmitted pattern is impact by the RACH resource configuration and semi-static UL/DL periodicities.
According to the new SS burst set composition agreed in RAN1 #90 meeting, within a 5ms window, first 8 consecutive slots are used for transmitting SS blocks, followed by two slots without SS blocks and then followed by next 8 consecutive slots with SS blocks, as illustrated in Figure 2. 
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Figure 2 SS burst set composition for 120KHz
Consider the semi-static UL/DL periodicity as 0.5ms, and the configured PRACH preamble format is B4 with 120KHz, which occupies 12 symbols of a slot (in terms of 120KHz). Under such configuration, the two SS blocks transmitted in the last slot of every 0.5ms should be dropped for UL resource. As a result, the SS blocks that can be actually transmitted under this configuration can be illustrated as in Table 5, where a group is defined as 8 consecutive SS blocks.
Table 5 Illustration of actual transmitted SS block pattern under 0.5ms semi-static UL/DL periodicity and PRACH preamble format B4 with 120KHz
	
	Group 0
	Group 1
	Group 2
	Group 3
	Group  4
	Group 5
	Group 6
	Group 7

	SS block pattern
	11111100  
	11111100
	11001111  
	11001111
	11111100  
	11111100
	11001111  
	11001111


It can be observed that the actual transmitted SS blocks in Group 0 and Group 2 are different; for rate matching purpose, as agreed in last meeting, group bitmap and bitmap within group will be used for indicating actually transmitted SSBs, in this case the bitmap within each group will be all one, indicating some not transmitted SSBs will still be rate mathced. However, for measurement purpose, it is better not to inform UE of not transmitted SSBs. An easy way out may be that only the SS block(s) transmitted in every group are indicated in the compressed form. However this may lead to a result that the actual transmitted SS blocks (RRC indicated) are dropped in the RMSI configured pattern, such that the UE can only measure on a very few numbers of SS blocks which results in an underestimated cell quality.
Proposal 9: For measurement purpose, the actual transmitted SS block pattern should also take into account of the PRACH resource configuration and semi-static UL/DL configuration, especially considering that some RRC configured actual transmitted SS block may be indeed dropped due to PRACH resource configurations.
4. Conclusion
In this contribution, the following observations and proposals are made:
Proposal 1: The indication of time and frequency position of PRACH resource as well as RAR window indication, e.g. PRACH Configuration Index and Supervision Information fields, should take into account of multiple numerologies and different UL and DL reference numerology. 

Proposal 2: Two RACH configurations pertaining to different UL frequencies due to SUL operation are broadcasted in RMSI, i.e., add a new field - PRACH Configuration Index for SUL. 
Proposal 3: The RACH resource configuration, especially the periodicity for RACH resources (the Density filed in the PRACH Configuration Index table) should take the semi-static UL/DL periodicity into consideration.
Proposal 4: Contention-based PRACH shall not be transmitted on flexible resources. Support PDCCH-ordered PRACH on flexible resources if technically feasible.

Proposal 5: The numerology of the slot that contain PRACH resource(s), the numerology of the configured preamble format can be used. The reference numerology for indicating PRACH timing resource within a larger time interval is in terms of SS block numerology for simple indication and fewer overhead. 
Proposal 6: The PRACH preamble formats always occupy the very end of a configured semi-static UL/DL periodicity or the very end of the configured subset of resource in case of no semi-static UL/DL periodicity is configured.

Proposal 7: For below 6GHz, the PRACH time resource is configured in terms of subframe unit. The configured subframe number indicates the ending subframe of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured subframe. 
Proposal 8: For above 6GHz, the PRACH time resource is configured in terms of slot unit. The configured slot number indicates the ending slot of the configured PRACH preamble format, and the PRACH preamble format always occupies the last symbol of the configured slot. 
Proposal 9: For measurement purpose, the actual transmitted SS block pattern should also take into account of the PRACH resource configuration and semi-static UL/DL configuration, especially considering that some RRC configured actual transmitted SS block may be indeed dropped due to PRACH resource configurations.
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