Page 1
[bookmark: _Hlk525655532]3GPP TSG RAN WG1 Meeting #97																	R1-1906859
Reno, USA, 13th – 17th May 2019

[bookmark: _Hlk876723]Source: 	InterDigital Inc.
Title:	On 2-step RACH procedure
Agenda item:	7.2.1.2
Document for:	Discussion and Decision 
1. INTRODUCTION
In RAN1 #96b [1], discussion on 2-Step RACH with some reference to related procedures continued, and the following agreements on PUSCH occasion configuration were made,

	· One or more PUSCH occasion(s) within an msgA PUSCH configuration period are configured.
· FFS msgA PUSCH configuration period, e.g. 
· For opt. 1 with separate PUSCH configuration, msgA PUSCH configuration period may or may not be the same as PRACH configuration period
· For opt. 2 PUSCH configuration with relative location, msgA PUSCH configuration period is the PRACH configuration period
· PUSCH resource unit for 2-step RACH is defined as
· The PUSCH occasion and DMRS port / DMRS sequence used for an msgA payload transmission.
· FFS support only one or both of DMRS port / DMRS sequence 
· The DMRS sequence generation mechanism should follow Rel.15.
	
· Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
· For the relation of PRACH resources between 2-step and 4-step RACH, the network has the flexibility to configure the following options:
· Option 1: Separate ROs are configured for 2-step and 4-step RACH 
· Option 2: Shared RO but separate preambles for 2-step and 4-step RACH

Further study the granularity of the time advance command, if supported in MsgB:
· E.g., Based on the subcarrier spacing of MsgA PUSCH using a 12-bit TA command, where the granularity of the TA command is determined according to the following table.
	Subcarrier Spacing (kHz) of the msgA PUSCH data part
	Unit 

	15
	16*64 Tc

	30
	8*64 Tc

	60
	4*64 Tc

	120
	2*64 Tc


· Other options/variations are not precluded
For 2-step RACH preamble power control parameter configuration, further study and down select from the following options:
· Option 1: Power control parameters can be separately configured for 2-step and 4-step RACH.
· If a power control parameter is not configured for 2-step RACH, the corresponding power control parameter of 4-step RACH is used instead for 2-step.
· Option 2: The corresponding power control parameter of 2-step RACH preamble follows that of 4-step RACH preamble.

For the determination of the PUSCH Tx power, further study at least the following components including possible down selection:
· An offset relative to the preamble received target power
· Option 1.1: Offset configured for 2-step RACH
· Option 1.2: Offset is the release 15 delta_preamble_msg3
· Option 1.3: Offset is the release 15 delta_preamble_msg3 + configurable delta
· An offset relative to the MsgA PRACH Tx power for the MsgA PUSCH Tx power configured for 2-step RACH.
· Transmission bandwidth of MsgA PUSCH
· MsgA PUSCH Transport format (ΔTF). Further study the following options for further down selection
· Option 2.1: deltaMCS configured for 2-step separate from 4-step
· Option 2.2: reuse deltaMCS of 4-step RACH
· Preamble received target power.
· Pathloss. Further study the following options for further down selection
· Option 4.1: Full pathloss compensation (α = 1)
· Option 4.2: Partial pathloss compensation alpha configured for 2-step separate from that of 4-step RACH.
· Option 4.3: Partial pathloss compensation using msg3-alpha.
· RS resource index for pathloss estimation.
· Total power ramp-up requested by higher layers for MsgA PUSCH Tx:
· Option 6.1: from the first to the current MsgA PUSCH transmission (Prampuprequested).
· Option 6.2: from the first to the latest random access MsgA preamble transmission (Prampuprequested).
· Note: Latest means most recent transmitted.
· Power reduction priority rule in CA/DC
For MsgA Tx beam selection further study at least the following options:
· Option 1: The MsgA PRACH and MsgA PUSCH use the same Tx spatial filter (beam).
· Option 2: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) up to UE implementation.
· No spec impact expected.
· Note: in 4-step RACH it is up to UE implementation to decide the beams for Msg1 and Msg3.
· Option 3: The MsgA PRACH and MsgA PUSCH use same or different Tx spatial filter (beam) under network control/assistance.
MsgA retransmission, if supported, is defined as a retransmission of MsgA PRACH (with a re-selection of preamble) and MsgA PUSCH. Further study at the following options:
· Option 1: Using the same payload for MsgA PUSCH. 
· Option 2: MsgA PUSCH payload can be different.
· FFS: Conditions for MsgA retransmission and relation to fall back.
· FFS: retransmission of PUSCH only.
· FFS: retransmission of PRACH only.


Working assumption:
· At least support one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.
· Configurable number of preambles (including one or multiple) mapped to one PUSCH resource unit
· FFS one-to-multiple mapping
· Companies are strongly encouraged to perform additional evaluations/analysis




In this contribution we provide our views on procedure related aspects of 2-step RACH. 
2. 2-STEP RACH PROCEDURES
Beam Selection for msgA 
It has been agreed that the preamble part of msgA applies the same beam or the same spatial filter that was selected during initial access based on SSB measurements. The remaining related issue is that whether PUSCH is transmitted with the same beam selection as the preamble, or if a different beam should be employed for PUSCH transmission. 
Since the SSB beams are mainly designed for wide coverage area, they may not be sufficiently narrow to result in a high SINR. However, for PUSCH transmission, it is generally desirable to have a refined beam to enhance reliability of transmission. Figure 1 shows an example of a gNB-assisted procedure to enable beam refinement for PUSCH transmission. As demonstrated, the UE transmits the preamble using the SSB-based beam identified during initial access. The reference signals are transmitted each with a different beam to allow the UE to measure different beam directions. Based on the measurement, the UE can select a more refined beam for its PUSCH transmission. Having said that, introduction of beam refinement process for PUSCH would have certain implications on delay, overhead and gNB complexity. Therefore, it is important that its potential benefit to be weighed against its associated complexity and potential system impact. 
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The other option is to let the UE select the best beam based on implementation. This option requires less or no specification impact as it is already adopted in Rel-15 for transmission of msg3 in 4-step RACH. However, the accuracy of the beams is generally worse than the case of gNB assisted mechanism.

Proposal 1: Further study beam refinement for PUSCH transmission in msgA.


PUSCH Scrambling
[bookmark: _GoBack]In the last couple of meetings, the issue of PUSCH scrambling has been raised. Mainly, in the case where multiple preambles map to one PUSCH resource, collisions between PUSCH are mitigated by using different scrambling sequences to differentiate users. Even when multiple UEs transmission overlap on the same time frequency resource, the gNB can decode each user’s transmission if each user scrambles its data with a different sequence. In Rel-15, the scrambling sequence generator is initialized according to [TS 38.211, 6.3.1.1]: 

where  is the RNTI associated with the PUSCH transmission and  in IDLE mode. In CONNECTED mode, UE-specific sequences can be generated based on assigned C-RNTI for example. The issue mainly arises in IDLE mode where only the RA-RNTI is available at the UE. The Rel-15 RA-RNTI is not enough to differentiate users since it is calculated per PRACH occasion as: 
RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id, t_id, f_id, and ul_carrier_id are preconfigured parameters, where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier. The RA-RNTI is a common value to multiple preambles configured to the same PRACH transmission occasion. Therefore, to support multiple-to-one mapping, a different scrambling identity is needed.
Last meeting, there were different alternatives proposed on the design of the scrambling ID for the payload transmission in msgA. We provide our views on the different proposals.
Modified Rel. 15 RA-RNTI
For the first option, the PUSCH scrambling is based on the RA-RNTI. Since the RA-RNTI is the same per PRACH occasion, a unique RNTI (e.g. 2RA-RNTI) could be generated based on the common RA-RNTI value and another value. For example, multiple preambles in one RACH occasion are linked to one common RA-RNTI value. The 2RA-RNTI could be generated as some form of RA-RNTI combined with preamble index, or with DMRS port index. The advantage of this option is that the existing RA-RNTI definition can be reused since it is already well established in Rel-15. The transmitter is illustrated in Figure 1 where the scrambling ID generation is modified. At the receiver, the gNB implicitly determines scrambling identities based on the detected preamble or DMRS ports. No additional signalling is required from the UE to indicate the scrambling ID.
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Configured scrambling ID by gNB
For the second option, a scrambling ID is configured by the gNB. This case seems to be targeting CONNECTED mode operation where the scrambling ID is configured to the UE such as the C-RNTI. Such a case guarantees that scrambling ID is UE-specifically assigned within the cell. However, in the IDLE mode, it is not clear how UEs could be efficiently configured with specific identities just based on the broadcasted SIB configuration. 

In our view, the chosen option should enable operation with different RRC_CONNECTED modes and with the different agreed preamble-to-PUSCH mapping options including one-to-multiple. We support the modified RA-RNTI option. 

Proposal 2: Modified Rel. 15 RA-RNTI scrambling ID is supported. 

3. Conclusions 
In this contribution, we provided our views on procedure related aspects of 2-step RACH. We make the following proposals:
Proposal 1: Further study beam refinement for PUSCH transmission in msgA.
Proposal 2: Modified Rel. 15 RA-RNTI scrambling ID is supported. 
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