3GPP TSG RAN WG1 #97		R1-1907127
Reno, USA, May 13th – 17th, 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
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, PUSCH occasion configuration, the PRACH mapping to PUSCH DMRS and MsgA with multiple configurations.

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.


PUSCH Occasion Configuration
In RAN1#96bis [2], there was an agreement on the configuration of the PUSCH occasion locations with respect to the PRACH occasions. In the agreement, there are two options on the configuration: 

Agreements:
· 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



With Option 1, the PUSCH occasions are configured separately from the PRACH occasions, potentially using a method similar to configured grants for the PUSCH occasions and as per the above agreement, using the same beam association for the PRACH occasions. This approach potentially requires fewer changes to the specifications and implementation by reusing these legacy methods. For example, using legacy PRACH configuration to define the PRACH occasions and using configured grants to allocate the PUSCH occasions. 

Allowing separate configurations (Option 1) may result in the periodicity of the PUSCH occasions being different from the PRACH occasions (i.e. the PRACH occasions (RO) and the PUSCH occasions are unsynchronized). This would be a sub-optimal and highly problematic configuration because, at times, there would be two RO for one PUSCH occasion or two PUSCH occasions for one RO. This would result in either wasting a PUSCH occasion or RO, or overloading a PUSCH occasion or RO. It would also result in a much more complex association rule which would create unnecessary complexity in the standard and implementation.  However, the legacy configured grant mechanism is flexible enough to avoid this problematic unsynchronized configuration.

The Rel-15 ROs are not evenly spaced out but by assigning multiple grants using the legacy configured grant mechanism, at least one PUSCH occasion for each PRACH occasion is possible. Also, the legacy configurated grant mechanism is flexible enough to ensure the time between the ROs and PUSCH occasion are short. 

Observation 1: 	Option 1 should avoid configurations where the PRACH occasions and the PUSCH occasions are unsynchronized as this would create unnecessary complexity in the standards and implementation and would increase collision probability.

With Option 2, by having the configuration of the PUSCH occasions relative to the PRACH occasions implies a joint configuration where the PRACH and PUSCH occasions have the same periodicity, and the time between the PRACH and PUSCH occasions can be small. Also, with option 2, the time/frequency location of the PUSCH occasions and the size of PUSCH resources could be configured to match the PRACH resources. 

Observation 2: 	With proper configuration of Option 1, Option 1 and Option 2 of the agreement could work equally well.

While both option 1 and option 2 can be configured to produce the same result, option 1 may lead to PUSCH configuration periods that are different than the PRACH, as allowed by the agreement. Hence, option 2 is preferred as to ensure same configuration periods for PRACH and PUSCH occasions. 

Proposal 2: Option 2 preferred: PUSCH configured relative to the PUSCH occasions.


PRACH Preamble Mapping to PUSCH Resource Unit
In RAN1#96bis [2], there was a working assumption on the mapping between the PRACH preambles and the PUSCH resource unit:

Agreements:
· 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.

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 terms of resources, a PRACH preamble requires less spectral resources from the gNB compared to a PUSCH resource unit (which would consist of a PUSCH occasion and DMRS as indicated in the agreement). There are many PRACH preambles available per PRACH occasion compared to PUSCH DMRS, hence, the PUSCH resource unit is the limiting factor. Supporting the mapping of multiple PRACH preamble resources to PUSCH resource units would not cost the gNB very much. However, it would allow the gNB more flexibility in the allocation of the resources. 

With multiple-to-one, the probably of collision of the PRACH would be lower than PUSCH, hence the gNB could detect PUSCH resource collisions based on the detected PRACH preambles. When the gNB is able to detect/decode the PRACH preamble but is unable to decode the PUSCH, it would be able to perform HARQ or 4-step fallback for the UE to resend the PUSCH data. This would have lower latency than a full retry and the PRACH transmissions would not have been wasted. 


Proposal 3: 	Confirm the working assumption to allow support for both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.


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 DMRS 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. While these are mostly dependent on implementation, the 2-step RACH design should allow the gNB to schedule the PRACH occasion and the PUSCH occasion close in time in the same frequency. 

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


PRACH and PUSCH in the same slot
While in Rel-15 NR PRACH and PUSCH cannot be in the same slot, it has not yet been decided if the 2-step RACH allows the PRACH and PUSCH occasions in a single slot. In RAN1#96bis [2], it was listed as FFS in the following agreement:

Agreements:
· 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


Allowing both PRACH and PUSCH in the same slot for 2-step RACH would reduce the latency of MsgA which is one of the main motivations for 2-step RACH. In the case of unlicensed band operations, a time gap between PRACH and PUSCH transmissions may require multiple LBT operations, consequently reducing the benefit of 2-step RACH. Hence allowing PRACH and PUSCH in the same slot is important for NR-U. Given the options in the agreement, option 2 gives the gNB the most flexibility but may require the UE to switch numerology within a slot. Option 1 may be a good compromise but would restrict the numerology of the PRACH preambles and the PUSCH. Option 3 may be too limiting making the use of this method difficult.

Proposal 5: 	2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2. 


MsgA with Multiple Configurations

The 2-step RACH would need to have a RACH configuration similar to 4-step RACH, that can be either broadcasted or included as part of UE specific RRC messages. Like with 4-step RACH, the 2-step RACH would need to support multiple configurations (or groups) to support a wide range of coverage levels and possibly different message sizes.  The 2-step RACH would require more configurations than 4-step RACH as it would also need to include the PUSCH configurations that would normally be dynamically assigned by RAR. 

The different configurations would have different PUSCH modulation and coding (MCS), PUSCH resource allocation, PRACH formats, power control/ramping sets, etc. The UE would then select the suitable configuration based on the RSRP (for example) so that it uses only the resources that are needed for the coverage level. For example, when the UE is in good coverage, it could select a configuration that maps to smaller PRACH and PUSCH resources, as shown in Figure 1. If the UE is in poor coverage then it could use a configuration that maps to larger PRACH and PUSCH resources, as shown in Figure 2. 
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Figure 1: Example when the UE is in good coverage
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Figure 2: Example when the UE is in poor coverage

Proposal 6: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:
Coverage range thresholds (e.g. RSRP/RSRQ range)
PUSCH modulation and coding
PRACH format
FFS: number of 2-Step RACH configurations

Proposal 7: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level 
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Conclusions

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

Observation 1: 	Option 1 should avoid configurations where the PRACH occasions and the PUSCH occasions are unsynchronized as this would create unnecessary complexity in the standards and implementation and would increase collision probability.

Observation 2: 	With proper configuration of Option 1, Option 1 and Option 2 of the agreement could work equally well.

Proposal 2: Option 2 preferred: PUSCH configured relative to the PUSCH occasions.

Proposal 3: 	Confirm the working assumption to allow support for both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit.

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

Proposal 4:	The 2 step RACH should be designed such that the gNB can use the PRACH preamble for the channel estimation of the PUSCH. 

Proposal 5: 	2-step RACH to support PRACH and PUSCH in a single slot, either option 1 or 2. 

Proposal 6: Multiple 2-step RACH configurations shall be supported. The configuration shall at least include:
Coverage range thresholds (e.g. RSRP/RSRQ range)
PUSCH modulation and coding
PRACH format
FFS: number of 2-Step RACH configurations

Proposal 7: The UE shall choose the 2-Step RACH configuration at least based on measured RSRP level 
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