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Introduction
Until the RAN1#98b meeting, some agreements w.r.t. the mapping between preambles and PUSCH resource units and msgA PUSCH invalidation have been achieved for 2-step RACH [1] [2]. In this contribution, we share some views on the channel structure for 2-step RACH. More specifically, some remaining issues on the mapping between preambles and PUSCH resource units and invalidation rules are further discussed. 
Discussion
In the RAN1#98 meeting, the following agreements have been achieved w.r.t. the mapping between preambles and PUSCH resource units (PRUs) [1]. According to the agreements, both one-to-one and multiple-to-one mappings are supported. Whether to support one-to-multiple mapping is for further study.
Agreements:
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
· FFS whether/how to support multiple sequences for DFT-s-OFDM
· The conditions under which only DM-RS ports are to be specified. FFS details
· Confirm the working assumption that both one-to-one and multiple-to-one mapping between preambles in each RO and associated PUSCH resource unit (PRU) are supported
· Configurable number of preambles (including one or multiple) mapped to one PRU, explicitly or implicitly
· FFS 1-to-multiple mapping
· 



Figure 1. An example of one-to-multiple mapping 

Figure 1 provides an example for the one-to-multiple mapping between preambles and PUSCH resource units. One motivation to support the one-to-multiple mapping could be saving some preamble overhead. In the RAN1#96bis meeting, it has been agreed that separate PRACH occasions can be configured for 2-step RACH and 4-step RACH. Therefore, a PRACH occasion can be dedicated to 2-step RACH. Since one PRACH occasion can accommodate at most 64 preambles and 2-step RACH can use all these preambles, it seems that there is no urgent need to save preambles. According to the agreements of the RAN1#96b meeting, 2-step RACH and 4-step RACH can also share a PRACH occasion but use separate preambles. At least in this case, it is more meaningful to use the one-to-multiple mapping. By this way, a larger number of UEs can be supported even if the number of preambles is limited for 2-step RACH. Another motivation could be to achieve some level of link adaptation. For example, one preamble is associated with two PUSCH resource units with different TB sizes or MCS levels. The UE can adaptively select one PUSCH resource unit to use, and the gNB identifies the selected PUSCH resource unit by blind decoding. If the number of preambles is sufficient, another alternative is to associate two different preambles with the aforementioned two PUSCH resource units. By this way, the gNB can identify the PUSCH resource unit immediately by detecting a preamble. Also, several issues need to be considered w.r.t. the one-to-multiple mapping. One issue to be considered is that the gNB has to perform blind decoding for the associated PUSCHs once a preamble has been identified. Another issue is that the gNB cannot obtain separate TA values for UEs if they choose the same preamble but different PUSCH resource units.
Proposal 1: When the number of preambles available for two-step RACH is limited, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles or to support link adaptation. Whether to support one-to-multiple mapping should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 

[bookmark: _Ref228947482]In the RAN1#98b meeting, the following agreements have been achieved which will have an impact on the mapping between preambles and PUSCH resource units (PRUs) [2]. 
Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· [bookmark: _GoBack]it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)


Agreements:
· The ordering of the msgA PRACH preambles within an msgA association period is
· First, in increasing order of preamble indexes within a single PRACH occasion
· Second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· Third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
· Fourth, in increasing order of indexes for PRACH slots
· The PRACH preambles are mapped to valid PUSCH resource units (PRUs) within an msgA association period in the following order:
· First, in increasing order of frequency resource indexes for frequency multiplexed PUSCH occasions
· Second, in increasing order of DMRS indexes within a single PUSCH occasion
· FFS DMRS indexes for DMRS ports and/or sequences 
· Third, in increasing order of time resource indexes for time multiplexed PUSCH occasions within a PUSCH slot
· Fourth, in increasing order of indexes for PUSCH slots
· For multiple configurations, the mapping is between the PRUs under each msgA PUSCH configuration and the preambles in the corresponding preamble group
· Each msgA PUSCH configurations can identify sub-sets of DMRS port/sequence combination


Firstly, the invalidation rule has been agreed for msgA PUSCH occasions. Secondly, it has been agreed that the mapping is formed in a way that preambles are mapped onto valid PRUs. According to the agreements, valid preambles and valid PRUs will be firstly obtained by applying invalidation rules to both. After invalidation, mapping is performed between valid preambles and valid PRUs. 
It should be also supported that another invalidation rule for msgA PUSCH occasions is applied after the mapping between preambles and PRUs has been established. Since msgA PUSCH is periodically configured, if a certain msgA PUSCH occasion has been invalidated, it is possible that preambles are mapped onto PRUs in the next period. This will introduce a much larger time interval between a preamble and its associated PRU and thus it is obviously not desirable to use 2-step RACH. In this case, the related msgA PUSCH occasion should be also treated as being invalid. As for the preamble, it can be used in a similar way as that of 4-step RACH, i.e, transmitted without msgA PUSCH, or it can be also treated as being invalid.
Proposal 2: After the mapping between preambles and msgA PUSCHs has been established, if the time interval between a preamble and its associated PRU is too large, the following invalidation rule is further applied.
· The related msgA PUSCH occasion is treated as being invalid.
· The preamble is used in the same way as that of 4-step RACH (i.e., transmitted without msgA PUSCH), or treated as being invalid.

Since it has been agreed to support 1-to-1 and N-to-1 mappings between preambles and PRUs, ideally the number of valid PRUs should be an integer multiple of the number of valid preambles. In our view, it is not easy or not necessary to always guarantee this. Instead, remaining un-mapped preambles or PRUs should be allowed. Always keeping an integer multiple will put too many restrictions on the gNB configuration where the gNB has to take many things into account. A simpler way is to let the gNB have the full configuration flexibility, and define some rules for the usage of un-mapped preambles or PRUs. This is actually similar with the principle of invalidation where the initial configurations have no restriction but the invalid configurations will be excluded afterwards. More specifically, if a preamble is not mapped onto any PRU, the preamble can be used in the same way as that of 4-step RACH or treated as being invalid; if a PRU is not mapped onto any preamble, the PRU is treated as being invalid.
Proposal 3: After the mapping between preambles and PRUs has been established:
· If there are remaining preambles which are not mapped onto PRUs, these preambles are used in the same way as that of 4-step RACH or treated as being invalid.
· If there are remaining PRUs which are not mapped onto preambles, these PRUs are treated as being invalid.

Conclusions
In this contribution, we share some views on the channel structure for two-step RACH. Some design aspects on the mapping between preambles and PUSCH resource units and invalidation rules are discussed. The proposals are summarized as follows.
Proposal 1: When the number of preambles available for two-step RACH is limited, one-to-multiple mapping can be considered to support a UE number larger than the number of preambles or to support link adaptation. Whether to support one-to-multiple mapping should be subject to further evaluations on potential issues such as gNB blind decoding, TA estimation and so on. 
Proposal 2: After the mapping between preambles and msgA PUSCHs has been established, if the time interval between a preamble and its associated PRU is too large, the following invalidation rule is further applied.
· The related msgA PUSCH occasion is treated as being invalid.
· The preamble is used in the same way as that of 4-step RACH (i.e., transmitted without msgA PUSCH), or treated as being invalid.
Proposal 3: After the mapping between preambles and PRUs has been established:
· If there are remaining preambles which are not mapped onto PRUs, these preambles are used in the same way as that of 4-step RACH or treated as being invalid.
· If there are remaining PRUs which are not mapped onto preambles, these PRUs are treated as being invalid.

References
[bookmark: _Ref520980791][1] 3GPP TSG RAN WG1 Meeting #98, RAN1 Chairman’s Notes, Prague, CZ, August 26th – 30th, 2019.
[2] 3GPP TSG RAN WG1 Meeting #98b, RAN1 Chairman’s Notes, Chongqing, China, October 14th – 20th, 2019.




image1.emf
DM-RS port n

DM-RS port n

DM-RS port n

DM-RS port n

.

.

.

Preamble 0

Preamble 1

.

.

.

PUSCH resource units

Preambles within a 

PRACH occasion

PRACH occasion

DM-RS port n PUSCH resource unit

t

f


oleObject1.bin
DM-RS port n


DM-RS port n


DM-RS port n


DM-RS port n


...


Preamble 0


Preamble 1


...


PRACH occasion


DM-RS port n


PUSCH resource unit


PUSCH resource units


Preambles within a PRACH occasion


t


f



