3GPP TSG RAN WG1 #96


R1-1902133
Athens, Greece, 25th February – 1st March, 2019
Agenda item:
7.2.1.1 Channel Structure for Two-Step RACH
Source: 
Sierra Wireless

Title: 
Channel Structure for Two-Step RACH Considerations 
Document for:
Discussion and decision
1. Introduction
In RAN#82 the 2-step RACH WID in RP-182894 [1] was approved. This contribution discusses the considerations for the 2-step RACH channel structure, including the supported PRACH preamble formats for 2-step RACH, the TDM mapping of the PRACH and PUSCH, and the PRACH mapping to PUSCH DMRS.
2. Supported PRACH Preamble Formats
The requirement from the 2-step RACH WID is to reuse the Rel-15 NR PRACH preamble design for the 2-step RACH:
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;

· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)

· Only reuse the Rel-15 NR PRACH Preambles design. 

The Rel-15 PRACH formats include long and short PRACH with each of the formats targeting different deployment scenarios, cell sizes, frequency ranges, UE velocity, frame structure and beams. The objective of the 2-step RACH WI is to provide a general 2-step RACH procedure for NR, hence 2-step RACH should support both long and short PRACH preambles. Some of the deployment scenarios can perhaps be excluded from using 2-step RACH (such as high speed) but RAN1 should strive to support as many of the Rel-15 PRACH formats as possible. 
The PRACH with short preambles (as small as 2-symbols) allows for more than one PRACH occasion within the PRACH slot thereby increasing the number of occasions and reducing the probability of PRACH preamble collisions. NR-U deployment scenarios are typically for smaller cells and higher frequencies for which these shorter PRACH preambles are particularly more suitable. Some lower frequency, larger cell deployments may benefit from 2-step RACH requiring long PRACH format support. 
Proposal 1: 
The 2-step RACH should support both short and long PRACH formats.

3. TDM of PRACH Preamble and PUSCH

The requirement from the 2-step RACH WID is to reuse the Rel-15 NR PUSCH design for the 2-step RACH:

· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)

· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS

· PRACH Preamble and PUSCH in a msgA is TDMed

With the WID in mind, the basic format for msgA would have one PRACH slot (containing one or more PRACH occasions) and one slot of PUSCH (using some or all the symbols in the slot), such as:
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Figure: Example PRACH slot followed by PUSCH slot

The Rel-15 NR PRACH formats with short preambles allow for multiple occasions so the PRACH slot would contain multiple occasions that map to the PUSCH resource. For example, if we assume that the PUSCH is fully within the frequency allocation of the PRACH slot:
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Figure: Example 1: PRACH slot with multiple occasions followed by PUSCH
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Figure: Example 2: PRACH slot with multiple occasions followed by PUSCH

While there are many PRACH preambles available for the UE to select from (up to 64), it is still possible that more than one UE selects the same PRACH preamble resulting in a PRACH collision. The consequences of PRACH preamble collisions are worse for 2-step RACH compared to the standard 4-step RACH as a 2-step collision leads to a PUSCH resource collision as well. Using Rel-15 PRACH configurations with multiple occasions within a PRACH slot would help to reduce the probability of collisions.

Proposal 2: 
The 2-step RACH should support PRACH configurations with multiple occasions within a PRACH slot.

The multiple PRACH occasions within one slot could also be map to multiple PUSCH resources over one or more slots. For example: 
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Figure: PRACH slot with multiple occasions followed by multiple PUSCH resources
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Figure: PRACH slot with multiple occasions followed by multiple PUSCH resources on multiple slots

Proposal 3: 
The 2-step RACH should support PRACH preamble mapping to multiple PUSCH allocations where the PUSCH allocation is FDM and/or TDM. 
The WID does not explicitly indicate that the location of the PUSCH resources must be strictly within the frequency allocation of the PRACH slot, so it may be possible to allocate PUSCH resources outside that frequency allocation:
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Figure: PRACH slot with multiple occasions followed by wider PUSCH resources

Proposal 4: 
The 2-step PUSCH resources may be allocated beyond the PRACH frequency range. 

It has not yet been decided if the 2-step RACH allows both PRACH and PUSCH symbols in a single slot; as it would mean using a short PRACH and then allowing only some of the PRACH occasions to be used within the PRACH format and the PUSCH would be not slot aligned. This configuration would allow 2-step RACH to be more compact which is good for low latency, such as:
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Figure: Example 1 single slot with PRACH and PUSCH
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Figure: Example 2 single slot with PRACH and PUSCH

Proposal 5: 
2-step RACH to support PRACH and PUSCH in a single slot. 

4. PRACH Mapping to PUSCH DMRS
The requirement in the 2 step RACH WID indicates to reuse the Rel-15 NR PUSCH including Rel-15 DMRS: 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)

While there are many orthogonal PRACH preambles that the UE can select, especially if multiple PRACH occasions are configured, the number of unique DMRS available for the PUSCH is limited (to only 12). If the UE randomly selects both the PRACH preamble and PUSCH DMRS, the UE may select a unique PRACH preamble but end up selecting the same DMRS as another UE. The gNB would be able to identify the PRACH preambles but there would be a DMRS collision that cannot be detected. 

A DMRS collision would mean that the gNB would have a low probability of decoding the PUSCH as it would not have accurate channel estimation. A PUSCH decoding failure would result in the gNB being unable to send MsgB because the PUSCH is expected to carry the UE ID that is needed for MsgB; the PRACH preambles are not able to carry the UE ID.

Observation 1: 
If the UE randomly selects the DMRS, this would lead to DMRS collisions that cannot be detected.  

Since there are many PRACH preambles compared to PUSCH DMRS, using a mapping of the PRACH preamble to the PUSCH DMRS would allow the gNB to detect DMRS collisions based on the detected PRACH. 
Observation 2: 
If there is a mapping of preamble to DMRS, DMRS collisions can be detected as long the preambles do not collide. 

Proposal 6: 
The mapping of one or more PRACH preambles to one DMRS shall be supported

If the PRACH and the PUSCH resources are close in time/frequency, then the gNB may be able to use the PRACH preamble for the channel estimation of the PUSCH in MsgA, instead of the DMRS. Hence, based on the detected PRACH preambles, the gNB can detect whether the DRMS collided and thus whether to use the DMRS for the channel estimation. Furthermore, the ratio of the PRACH/DMRS used in the mapping of the PRACH preambles to the PUSCH DMRS could be selected based on the proximity of the PRACH and the PUSCH resources. 
Observation 3: 
The gNB can use the PRACH preamble for the channel estimation of the PUSCH. 

Proposal 7:
The 2 step RACH should be designed such that the gNB can use the PRACH preamble for the channel estimation of the PUSCH. 

5. Conclusions
Proposal 1: 
The 2-step RACH should support both short and long PRACH formats.

Proposal 2: 
The 2-step RACH should support PRACH configurations with multiple occasions within a PRACH slot.

Proposal 3: 
The 2-step RACH should support PRACH preamble mapping to multiple PUSCH allocations where the PUSCH allocation is FDM and/or TDM. 

Proposal 4: 
The 2-step PUSCH resources may be allocated beyond the PRACH frequency range. 

Proposal 5: 
2-step RACH to support PRACH and PUSCH in a single slot. 

Observation 1: 
If the UE randomly selects the DMRS, this would lead to DMRS collisions that cannot be detected.  
Observation 2: 
If there is a mapping of preamble to DMRS, DMRS collisions can be detected as long the preambles do not collide. 

Proposal 6: 
The mapping of one or more PRACH preambles to one DMRS shall be supported

Observation 3: 
The gNB can use the PRACH preamble for the channel estimation of the PUSCH. 

Proposal 7:
The 2 step RACH should be designed such that the gNB can use the PRACH preamble for the channel estimation of the PUSCH. 
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