Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk524960236][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #96	 R1-1902822
Athens, Greece, 25st February – 1st March, 2019

Agenda Item:	7.2.1.1 
Source:	Ericsson
Title:	Channel Structure for Two-Step RACH
Document for:	Discussion, Decision
[bookmark: _Ref178064866]Introduction
In this paper we discuss high level aspects of msgA channel structure for 2-step RACH [1].  Features needed to support low latency operation and operation in unlicensed spectrum are highlighted, and we analyse alternatives to construct msgA from Rel-15 PRACH and PUSCH, PUSCH waveforms for PUSCH, and numerology for PUSCH and PRACH.  Use cases and scenarios to target the msgA design toward are discussed in a companion paper [2].
msgA structure
One of the key requirements for msgA structure is that it supports low latency. In both licensed and unlicensed operation in NR-U, this is enabled by minimizing the duration of PRACH and PUSCH components of msgA. However, for NR-U, one of the main benefits of the 2-step RACH is the reduced need of listen-before-talk (LBT) operations compared to the 4-step RA procedure. In case msgA would need two LBTs much of the benefit of the 2-step RACH would disappear. Therefore, it is of vital importance that msgA can be transmitted using only one LBT, i.e. that there is no gap between PRACH and PUSCH longer than 16 µs.
Observations:
· For both licensed and unlicensed operation, msgA configurations should support transmission in as few symbols as possible to meet the lowest latency requirements.
· For NR-U, it is important that MsgA can be transmitted using only one LBT, and therefore that there are no gaps within msgA longer than 16µs.
PRACH constraints
Reduction in LBT operations and reduction in overall latency of the RACH operation are the two main features driving benefits of 2-step RACH operation, as discussed above and in [2]. Both of these benefit by minimizing the duration of PRACH preambles, although such minimization will naturally reduce the range of PRACH. However, since 2-step RACH targets small cell operation, long PRACH preamble formats may not be needed for 2-step RACH operation. Therefore, PRACH formats 1ms long or less can be a starting point for 2-step RACH designs.
Observation:
· Given their lower latency impact and suitability for small cells, PRACH preambles 1 ms or less are the most obvious ones to use for 2-step RACH
Proposal:
· Rel-15 PRACH preambles 1ms long or less are the starting point for 2-step RACH design
· Further study if preambles longer than 1ms are needed
PUSCH time domain structure
There are two fundamental alternatives to msgA design using Rel-15 PRACH and PUSCH: considering PRACH and PUSCH to be separate transmissions or a single transmission of a new physical channel. These have different specification impacts, benefits, and drawbacks:
Alt 1: Separate transmission
In this alternative, a PRACH is associated with a PUSCH for a given msgA, but they are configured separately. PRACH is constrained to be always transmitted prior to its associated PUSCH. Existing PRACH slot definitions could be used for at least licensed operation (this can be further considered based on NR-U outcomes). PUSCH transmission opportunities could be based on configured grant operation for at least RRC_CONNECTED mode operation. A predetermined set of PUSCH configurations could be used in RRC_IDLE. Whether configured grant operation can be used in RRC_INACTIVE may need RAN2 input, since this touches on network behaviour with respect to parameters configured for a cell.
We note that both Type A (‘slot-based’) and Type B (‘mini-slot’) scheduling are possible with configured grant operation. Consequently, Rel-15 configurability of PRACH and configured grant PUSCH allows a PUSCH to be scheduled immediately after a short preamble format PRACH, and the PUSCH can be (at least in theory) any length from 1 to 14 symbols long. This means that msgA can essentially have any needed length, supporting the lowest required latencies and large payload or range msgA.
The PRACH and PUSCH need not be adjacent in this mode of operation, allowing more flexible network operation and possibly more efficient use of resources. On the other hand, this full flexibility offered by separate configuration of the PRACH and PUSCH transmissions may also complicate 2-step RACH operation. A UE may have to wait a large number of subframes after PRACH before transmitting PUSCH, the different in time could impact power control, etc. It may also be questioned if an arbitrary separate of PRACH and PUSCH is useful in a 2-step RACH design, given the typical low latency requirement in 2-step RACH.
Observations:
· msgA can be constructed from Rel-15 PRACH and configured grant PUSCH in a fully flexible manner
· Configured grant PUSCH can immediately follow any Rel-15 PRACH slot and fill any portion of the remaining symbols
· Alternatively, PUSCH and PRACH can be configured in completely independent time and frequency resources
· This fully flexible operation could complicate some L1 aspects
Alt 2: New physical channel
A Rel-15 PRACH and a Rel-15 PUSCH could be concatenated to form a new physical channel. Such a physical channel would have a set of defined formats, presumably fitting within a slot. The msgA formats could use different PRACH preamble formats, with the remainder of the slot containing Type B PUSCH. A msgA transmission opportunity could then be straightforwardly constructed from a given msgA format with a controllable periodicity and offset. 
Since msgA would be a single physical channel, physical layer procedures would generally treat the PRACH and PUSCH components jointly. The timing of power ramping, retransmission, resource selection, etc, would be for a given msgA instance. This simplified timing may simplify 2-step RACH procedures in many cases. However, since PUSCH allocation may need quite flexible allocation (frequency allocation, MCS, etc.), combining PUSCH with PRACH in a single physical channel may require new procedures, like power allocation between PRACH and PUSCH, etc. In general, defining a new physical channel essentially requires that all new physical layer procedures are needed, and could have high specification impact.
Observations:
· A new physical channel for msgA may simplify some layer 1 procedures, by defining a limited set of formats and treating PRACH and PUSCH as a single unit.
· It will however have a high specification impact, due to the need to define all new physical layer behaviors for the new channel.
Given the above observations, it is not immediately clear whether it is desirable to use separate transmission or a new msgA physical channel. Therefore, we propose:
Proposal:
· Further study specification impacts and performance implications of msgA transmission using separate PUSCH and PRACH transmission vs. defining a new physical channel.
PUSCH waveform
In NR release 15, the waveform used for msg3 PUSCH transmissions can be either CP-OFDM or DFT-S-OFDM. While the extra power efficiency of DFT-S-OFDM may not be essential for the small cell scenarios targeted for 2-step operation, there does not seem to be much specification impact from allowing the network to configure DFT-S-OFDM in addition to CP-OFDM.
Proposal:
· The network can configure 2-step RACH operation to use DFT-S-OFDM instead of CP-OFDM for msgA PUSCH.
PUSCH and PRACH numerology 
From a gNB perspective, allowing the PUSCH and PRACH numerologies to be the same or different enables PRACH and PUSCH resource allocation flexibility to be traded off for reception complexity. As long as the signalling overhead is minimal (i.e. no more than a few bits carried in SIB1), maintaining this flexibility that is already available in Rel-15 seems reasonable. 
Proposal:
· The network can configure 2-step PRACH and PUSCH numerology, using at most a few bits in SIB1.
Conclusion
In this contribution, we highlighted features needed to support low latency operation and NR-U, and analysed alternatives to construct msgA from Rel-15 PRACH and PUSCH, PUSCH waveforms for PUSCH, and numerology for PUSCH and PRACH.  We draw the observations below, leading to the following proposals. 
Observations:
· Given their lower latency impact and suitability for small cells, PRACH preambles 1 ms or less are the most obvious ones to use for 2-step RACH
· msgA can be constructed from Rel-15 PRACH and configured grant PUSCH in a fully flexible manner
· Configured grant PUSCH can immediately follow any Rel-15 PRACH slot and fill any portion of the remaining symbols
· Alternatively, PUSCH and PRACH can be configured in completely independent time and frequency resources
· This fully flexible operation could complicate some L1 aspects
· A new physical channel for msgA may simplify some layer 1 procedures, by defining a limited set of formats and treating PRACH and PUSCH as a single unit
· It will however have a high specification impact, due to the need to define all new physical layer behaviors for the new channel.
 Proposals:
· Rel-15 PRACH preambles 1ms long or less are the starting point for 2-step RACH design
· Further study if preambles longer than 1ms are needed
· Further study specification impacts and performance implications of msgA transmission using separate PUSCH and PRACH transmission vs. defining a new physical channel.
· The network can configure 2-step RACH operation to use DFT-S-OFDM instead of CP-OFDM for msgA PUSCH.
· The network can configure 2-step PRACH and PUSCH numerology, using at most a few bits in SIB1.
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