3GPP TSG RAN WG1 #98bis


R1-1912650
Reno, USA, November 18th – 22nd, 2019
Agenda Item:
7.2.1.1

Source: 
OPPO

Title:
On Channel Structure for 2-step RACH

Document for:
Discussion

1 Introduction
In this contribution, the channel structure for 2-step RACH, the mapping between the PRACH preamble and the PUSCH in msgA and the msgA PUSCH resource configuration are further discussed.  
2 MsgA PUSCH Occasion configuration

In the following, we further discuss the remaining issue on msgA PUSCH configuration.
2.1 Frequency domain configuration
PUSCH resource allocation type
In 4-step RACH, only PUSCH resource allocation type 1 is used for Msg3 while both PUSCH resource allocation type 0 and PUSCH resource allocation type 1 can be configured for PUSCH configured grant. Therefore, another discussion point would be whether both PUSCH resource allocation type 0 and PUSCH resource allocation type 1 are supported for MsgA PUSCH. It is noted that with PUSCH resource allocation type 0, potential frequency diversity gain may be achieved and it brings in the resource allocation flexibility. But on the other hand, it would be more complicated to form the PUSCH occasion pool if PUSCH resource allocation type 0 is used. In our view, we prefer to support only PUSCH resource allocation type 1 for simple msgA PUSCH configuration. 

Proposal 1: only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.

2.2 DMRS Antenna ports configuration
During RAN1#97 meeting, the following agreement has been achieved:

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

It is FFS for whether and how to support multiple sequences for DFTs-OFDM. In our view, multiple sequences for DFTs-OFDM are not supported in Rel-15 and it is difficult to design multiple DMRS sequences for each DMRS port. Therefore, we propose multiple sequences for DFTs-OFDM are not supported.

Proposal 2: multiple sequences for DFTs-OFDM are not supported.
2.3 Multiple msgA PUSCH configurations
During RAN1#98bis meeting, the following agreements have been achieved on multiple msgA PUSCH configurations:

Agreements:

· For a UE in RRC_IDLE/INACTIVE state, do not support more than 2 msgA PUSCH configurations for Rel.16

Agreements:

· For a UE in RRC_CONNECTED state,

· Support up to two msgA PUSCH configurations in an UL BWP 

· If msgA PUSCH configuration is not configured for the UL BWP, it can follow that of initial BWP.
· (Working Assumption) Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

· FFS: Whether the number of msgA PUSCH configuration(s) should be aligned with that of UEs in RRC RRC_IDLE/INACTIVE state.

· To confirm whether PRACH configuration and msgA PUSCH configuration are both BWP specific or cell specific.

Based on the above agreements, up to two msgA PUSCH configurations are supported in an UL BWP. It is still a working assumption that to reuse the preamble group based method as defined for RRC _IDLE/INACTIVE state to differentiate the configurations. In our views, it is sufficient to use preamble group based method since there are up to msgA PUSCH configurations. The pooling effect is acceptable as for RRC _IDLE/INACTIVE state. On the other hand, if other methods such as using different ROs or different DMRS sequences are used, it will increase the gNB’s and UE’s implementation complexity and increase the standardization work. Therefore, we propose to confirm the working assumption.

Proposal 3: confirm the working assumption: Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

3  PUSCH occasion validation rule
During RAN1#98bis meeting, we have the following agreement on the validation rule for PUSCH occasion.

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

· 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.)

One FFS issue whether the PUSCH occasion can span across the slot boundary. In Rel-15, a PUSCH can’t span across the slot boundary. Therefore, it is straightforward that the PUSCH in msgA shall be configured within a slot thus the UE’s implementation complexity is not increased. 

Proposal 4:    A msgA PUSCH occasion shall not span across the slot boundary.

4 Mapping between preamble and PUSCH resource in MsgA
Mapping relationship
Generally, there would be 3 kinds of mapping relationships between preamble and PUSCH resource unit in MsgA.
· One-to-one mapping 

For one-to-one mapping between preamble and PUSCH resource unit, as shown in Figure 1(a), for each preamble in a specific PRACH occasion, there would be a unique PUSCH resource unit that corresponds to it. 

· Many-to-one mapping

For many-to-one mapping between preamble and PUSCH resource unit, as shown in Figure 1(b), there would be multiple preambles in one or more PRACH occasions that are associated with each PUSCH resource unit.
· One-to-many mapping
For one-to-many mapping between preamble and PUSCH resource unit, as shown in Figure 1(c), for each preamble in a specific PRACH occasion, there would be more than one PUSCH resource units that correspond to it.


[image: image1.emf]PUSCH 1 Preamble 1

PUSCH 2 Preamble 2

.

.

.

PUSCH N Preamble N

   
[image: image3.emf]Preamble N

PUSCH 2N

Preamble 2

PUSCH 2N-1

.

.

.

PUSCH 1

PUSCH 4

PUSCH 3

Preamble 1

PUSCH 2


(a) One-to-one mapping                 (b) many-to-one mapping                       (b) one-to-many mapping
Figure 1 mapping relationship between preamble and PUSCH resource unit
In RAN1#98 meeting, we have the following agreement on mapping relationship between preamble and PUSCH resource unit. 

Agreements:

· 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
It is FFS whether to support one-to many mapping between preambles and the PRU. In our understanding, one-to-many mapping provides redundant PUSCH resource units configuration for each preamble. It is beneficial to solve the collision issue. Even the same preamble is selected by two UEs, different PUSCH resource units can be used for each UE, and then PUSCH can still be decoded correctly by the gNB. The disadvantage is that more PUSCH resource units are needed and the overhead would be high. It is noted that PUSCH may consume more time and frequency resource than preamble because tens of bits payload needs to be conveyed in PUSCH.    

Proposal 5: One-to-multiple mapping shall not be supported. 
Mapping ratio
During the email discussion after RAN1#98bis meeting, we have the following agreements on Preamble to PRU mapping ratio.

Agreements:[email agreements]
  Preamble to PRU mapping ratio is down-selected from:

· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period

· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period

·  FFS how to handle the fractional part of mapping ratio, if any

·  FFS how to make sure a valid PRU occurs after its corresponding preamble

Based on the above agreements, implicit method to derive the mapping ratio between preamble and PRU is adopted. For the two alternatives, the difference is the length of the mapping period. In our understanding, with Alt 1, a longer mapping period, i.e., the SSB-to-RO association pattern period would be used other than the SSB-to-RO association period as in Alt2. With Alt1, a same single value of the mapping ratio would be derived across the whole SSB-to-RO association pattern period thus balanced msgA resources for 2-step RACH in the time domain can be guaranteed. But for Alt2, due to the possible different UL-DL configurations in different SSB-to-RO association periods, different mapping ratios may be derived in different SSB-to-RO association periods. Variable mapping ratio may result in different msgA performance, i.e., the msgA PUSCH decoding performance would be different due to different collision probabilities with different mapping ratios. This would adverse to retransmission of msgA since inconsistent PUSCH performance in the initial transmission (with one SSB-to-RO association period) and the retransmission (within another SSB-to-RO association period) would complicate the power ramping of msgA PUSCH retransmission. Therefore, we prefer that Alt1 shall be used.
Proposal 6: Preamble to PRU mapping ratio is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period.
Mapping after RO/PO validation
Another remaining issue is whether the mapping shall be after the validation RO/PO. In our view, the mapping shall be after the validation of RO and PO. Otherwise, there would be mismatch between the validation of RO and PO. For example, if the mapping is before the validation of RO and PO and then the validation rule is applied, there may be cases that a valid RO with a non-valid PO or a valid PO with a non-valid RO. This may result in insufficient msgA resources. And in some extreme case, it may incur that there is no valid msgA resources corresponding to a SSB. 
Proposal 7: Preamble to PRU mapping shall be after the validation RO/PO.

Mapping period

During the email discussion after RAN1#98bis meeting, we have the following proposal in the mapping period.
The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B.
· Period A and B to be down-select from:

Alt 1: period A is as same as period B
Alt 2: period B has the same duration as period A, while the starting point is shifted by the single offset in the msgA PUSCH configuration
Alt 3: Mapping period and mapping pattern period between preamble and PRUs are implicitly derived.
· Period A to be down selected from

Alt 1: SSB-to-RO association pattern period
Alt 2: interval from the start of N1 consecutive PRACH slots with at least one valid RO and the start of the next N2 consecutive PRACH slots with at least one valid RO
•          N1/N2 is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration. N1, N2 could be 1.
Alt 3: PRACH configuration period
 Alt 4: SSB-to-RO association period
Alt 5: Mapping period and mapping pattern period are implicitly derived.
In our views, as the mapping ratio is derived based on total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period. The mapping period shall also be the SSB-to-RO association pattern period. It can be guaranteed that all the SSBs have balanced msgA resources. In addition, we don’t see the need to introduce an offset for the PUSCH occasions when performing the mapping. Generally, the simple method shall be used and the network shall by its implementation guarantee the correct configuration.

Proposal 8: The mapping is defined as between the msgA RACH occasions and the msgA PUSCH occasions in the SSB-to-RO association pattern period.

5 Conclusion

In this contribution, we discussed the channel structure for 2-step RACH. Based on the discussions we made the following proposals.
Proposal 1: only PUSCH resource allocation type 1 shall be used for msgA PUSCH resource allocation.

Proposal 2: multiple sequences for DFTs-OFDM are not supported.
Proposal 3: confirm the working assumption: Reuse the preamble group based method as defined for RRC_IDLE/INACTIVE state.

Proposal 4:   A msgA PUSCH occasion shall not span across the slot boundary.

Proposal 5: One-to-multiple mapping shall not be supported. 

Proposal 6: Preamble to PRU mapping ratio is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period.
Proposal 7: Preamble to PRU mapping shall be after the validation RO/PO.

Proposal 8: The mapping is defined as between the msgA RACH occasions and the msgA PUSCH occasions in the SSB-to-RO association pattern period.
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