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1. Introduction
In RAN1 #89 meeting, four PRACH preamble formats for long sequence (839-length ZC sequence) were determined, with three possible durations including 1ms, 2ms and 3.5ms. In this RAN1 June Adhoc meeting, more preamble formats are expected to be determined for the short sequence (129/139-length ZC sequence), with possibly shorter durations and larger SCSs to be determined.
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 and the design of Msg.2 channel. 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 design of Msg.2 channel in SUL scenario in this proposal.
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 PDCCH for Msg.2 in SUL scenario
In this section, we discuss the possible enhanced Msg.2 PDCCH channel design in the SUL scenario. 

When SUL is applied for a NR TDD or a NR FDD carrier, one DL carrier can be associated with multiple UL carriers, and it has been agreed that UE can select PRACH resources either in UL part of a FDD/TDD carrier or in SUL carrier. The PDCCH design for Msg.2 in LTE, including the RA-RNTI design and PDCCH search space design, is no longer efficient, and enhancements are necessary. 

3.1 Enhancement of RA-RNTI
In the 4-step RA procedure in LTE, UE will monitor the PDCCH identified by the RA-RNTI in RA Response window after the transmission of PRACH preamble, so as to detect the Msg.2. Take FDD LTE as an example, the RA-RNTI is computed as RA-RNTI= 1 + t_id + 10*f_id, where t_id and f_id are the time and frequency resource index of PRACH. 
If the SUL is paired with a NR TDD/FDD carrier, and the frequency resource indexes of PRACH on SUL carrier and a TDD/FDD carrier are numbered independently, it will increase the collision probablity during RA procedure. For example, considering two UEs, UE1 and UE2. UE1 selects SUL and UE2 selects the NR TDD/FDD carrier for PRACH transmission. If the two UEs select frequency resources of PRACH with same frequency resource index, even though no collision happened during Msg1 transmission, the two UEs may detect the same PDCCH and associated Msg.2 with the same RA-RNTI when the LTE scheme of RA-RNTI determination is applied. Then the two UEs will collide on transmission of Msg.3, which degrade the performance for Msg. 3. In addition, one UE that not selected by the gNB can only aware of the collision after Msg.4. 

To solve the above issue and reduce the collision probablilty, the SUL carrier and NR TDD/FDD carrier indexes can be introduced in the determination of RA-RNTI in either explicit way or implicit way, so as to differenciate the transmission of PRACH on different uplink carriers. One straightforward solution for the explicit indication is to introduce a carrier index in the formulation of RA-RNTI. The implicit indication can be achieved by a unified indexing of all the possible PRACH resources on both SUL and TDD/FDD carrier.

Proposal 5: It is recommended to introduce the SUL carrier and NR TDD/FDD carrier indexes into the determination of RA-RNTI in either explicit way or implicit way.
3.2 Enhancement of search space for PDCCH
One of the main motivation for introduction of SUL is to enhance the UL coverage of NR, by pairing a SUL carrier on lower frequency with a TDD/FDD carrier on higher frequency. In general, the UE transmits PRACH on SUL carrier is usually at worse coverage than the UE transmits PRACH on NR carrier. It will cause severe overhead to design same aggregation level of PDCCH scheduling Msg.2 according to the UEs at worst coverage. Since the transmission of PRACH can enable gNB to identify the coverage situation of different UEs, it would help for saving overhead if the PDCCH aggregation level design of Msg.2 can be different for the different coverage situation of UEs. For example, if the UEs selecting SUL for PRACH transmission, the candidate ALs for the PDCCH scheduling Msg.2 can be large, e.g., {8 and 16}. For other UEs with good coverage selecting TDD/FDD carrier for PRACH transmission, the candidate ALs for the PDCCH scheduling Msg.2 can be small, e.g., {8 and 4}.

Proposal 6: If the coverage situation of the UEs can be identified by gNB based on the transmission of PRACH, the candidate aggregation level set of PDCCH scheduling Msg.2 can be different for the different coverage situation of UEs. For example, for PRACH on SUL carrier, larger AL is introduced for PDCCH scheduling msg. 2.
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: It is recommended to introduce the SUL carrier and NR TDD/FDD carrier indexes into the determination of RA-RNTI in either explicit way or implicit way.

Proposal 6: If the coverage situation of the UEs can be identified by gNB based on the transmission of PRACH, the candidate aggregation level set of PDCCH scheduling Msg.2 can be different for the different coverage situation of UEs. For example, for PRACH on SUL carrier, larger AL is introduced for PDCCH scheduling msg. 2.
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