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1. Introduction

In RAN1 #89 held in May 2017, the following agreements have been made on the concept of supplementary uplink [1],
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
In RAN1 #90 held in August 2017, the following agreements have been made on initial access for SUL [2], 
Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 
In this contribution, we will discuss the design of Msg.2 channel for the SUL scenario. Note that this contribution is re-submission from R1-1714173.
2. Design of Msg.2 for SUL
In this section, we discuss the possible enhanced PDCCH channel design of scheduling Msg.2 in 4-step random access for SUL. 

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.

2.1 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 fo 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 1: For the design of PDCCH for Msg.2 under SUL case, introduce the SUL carrier and NR TDD/FDD carrier indexes into the determination of RA-RNTI in either explicit way or implicit way.
2.2 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. Because of the frequency is lower and have more UL subframes, the coverage of SUL carrier is usually better than NR UL carrier. As the agreement in RAN1 #90, UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold. Therefore, the UE transmits PRACH on SUL carrier is usually at worse coverage such as cell edge because the RSRP measurement is lower than the threshold and UE transmits PRACH on NR carrier is usually at better coverage such as cell centre. 
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 2: The candidate aggregation level set of PDCCH scheduling Msg.2 are differently configured for UEs selecting SUL carrier and normal carrier during initial access. 
3. Conclusions 
In this contribution, we discussed the design of Msg.2 for SUL, the following proposals are made:
Proposal 1: For the design of PDCCH for Msg.2 under SUL case, introduce the SUL carrier and NR TDD/FDD carrier indexes into the determination of RA-RNTI in either explicit way or implicit way.

Proposal 2: The candidate aggregation level set of PDCCH scheduling Msg.2 are differently configured for UEs selecting SUL carrier and normal carrier during initial access. 
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