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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #91 meeting, agreements on UL BWP for PRACH resource were made [1].
Agreements:
· Support separate configuration of the number of PRACH transmission occasions FDMed in one time instance.
· Size of value range is 2 bits.
· From UE perspective, all available FDMed PRACH transmissions occasions for initial access are configured within the initial active uplink BWP.
· Initial Active UL BWP’s(s) frequency position
· Up to RAN4 to decide
· FFS default value
In RAN1 #90bis meeting, agreements on DL BWP for CSS for RACH procedure were made [2].
Agreements:
· In Pcell, for a UE, common search space for at least RACH procedure can be configured in each BWP
· FFS whether or not there are any additional UE behavior that needs to be specified

RAN2 also discussed aspects of BWP in RACH procedure, and the following agreements were made in RAN2 #100 [3].
Agreements:
For contention based, some UL BWP are configured with PRACH resources. The UE performs RACH on the active BWP if configured with RACH resources. If not configured the UE uses initial UL/DL BWP. It is recommended for the network to configure RACH resources on active BWP. If the UE switches to initial BWP it stays there until told by the network to switch with a DCI.

In this contribution, we discuss issues regarding RACH procedure considering BWP aspects based on the agreements made during previous meetings and provide our views on how to solve the issues
Discussion
For a RRC_CONNECTED UE, to avoid the need for BWP switching to receive RAR and msg4 when performing contention based random access, it was agreed in RAN1 #90bis that a UE can be configured with common search space in each BWP. Therefore, when a RRC_CONNECTED UE needs to perform contention based random access for, e.g., scheduling request purpose, it can remain in its active DL BWP for receiving RAR and msg4 without switching BWP so that it will not miss possible DL data scheduled in the active DL BWP.
On the other hand, although RAN2 recommended that PRACH resource is configured in active DL BWP, RAN1 decided that all FDMed PRACH resource for initial access are confined within initial active UL BWP. There was some discussion about configuring PRACH resources in active UL BWP for a UE in RAN1 #91, however, there was no consensus among companies regarding this issue.
Therefore, for TDD case, UE should receive RAR and msg4 in initial active DL BWP, since it has to switch to initial active UL BWP for transmitting PRACH preamble. In this case, there is no benefit in configuring common search space in each DL BWP.
For FDD case, if RAN2 agreement is taken into account, there are two ways to interpret “RACH resource” in the agreement. If RACH resource means UL resource for random access preamble transmission, then the RAN2 agreement states that UE should use the initial UL/DL BWP, meaning that UE still needs to switch from its active DL BWP to initial active DL BWP for receiving RAR and msg4, which makes configuring common search space in each DL BWP useless.
If RACH resource means DL resource for receiving RAR and msg4 or UL resource for random access preamble transmission, then configuring common search space in each DL BWP is useful. Although UE has to switch UL BWP for transmitting preamble, UE can remain in its active DL BWP for receiving RAR and msg4 and possible DL data simultaneously.
Observation 1: Not configuring UL resource for random access preamble transmission in active UL BWP for a UE makes UE have to switch BWP for performing random access procedure in TDD case.
Observation 2: Configuring common search space in each DL BWP can avoid UE from switching DL BWP for receiving RAR and msg4, if “RACH resource” in RAN2 agreement also means DL resource for receiving RAR and msg4.

In case more than one DL BWP is configured with common search space, since gNB does not know which UE transmitted the random access preamble, therefore gNB does not know which DL BWP is the active DL BWP of the UE to which the RAR responds to. Hence, gNB has to transmit RAR in all DL BWPs configured with common search space, which is not efficient in terms of DL resource utilization.
Observation 3: gNB needs to transmit RAR in all DL BWPs configured with common search space, which is inefficient in terms of DL resource utilization.

To enhance DL resource utilization efficiency when more than one DL BWP is configured with common search space, two alternative methods can be used.

Alt.1
Configure the same number of UL BWPs with PRACH resources as the number of DL BWPs with common search space. In this case, simple one-to-one mapping of DL and UL BWP can be used. Therefore, gNB can transmit RAR and msg4 on the DL BWP associated with the UL BWP in which random access preamble is received. This method is especially beneficial for TDD case, since UE does not have to switch BWP for transmitting and receiving all 4 messages during random access procedure.

Alt.2
Partition and associate PRACH resources in initial active UL BWP with the DL BWPs configured with common search space.
Alt.2-1
Partition the TDMed RACH occasions within a RACH slot to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a RACH slot is one-to-one mapped to the DL BWPs with common search space.
[bookmark: _GoBack]However, for some PRACH format, e.g., format A1, B1, the number of RACH occasions within a RACH slot is 6, therefore, 4 DL BWPs with common search space cannot be supported if equal partition of RACH occasions is to be used. Further partitioning PRACH preambles in a RACH occasion may be required (assuming no FDMed RACH occasions).
Alt.2-2
Partition the RACH occasions, including FDMed RACH occasions within a RACH slot to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a RACH slot is one-to-one mapped to the DL BWPs with common search space.
For this method, since FDMed RACH occasion is taken into account, more combination of PRACH resource configuration and the DL BWP with common search space is available without the need for partitioning PRACH preambles in a RACH occasion.
Alt.2-3
Partition the FDMed RACH occasions within a TDMed RACH occasion to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within a PRACH transmission occasion is one-to-one mapped to the DL BWPs with common search space.
For this method, at most 4 FDMed RACH occasions have to be configured, if partitioning PRACH preambles in a RACH occasion is to be avoided. Although more frequency resource for PRACH is required, it is less likely that the partitioned PRACH resource associated with the active DL BWP is not the same as the PRACH resource determined by the SSB-to-RACH occasion mapping. That is, at least for the case where all FDMed PRACH resource is mapped to the same SSB, there will be no mismatch, as opposed to Alt.2-1 and Alt.2-2.
Alt.2-4
Partition the PRACH preambles in each RACH occasion to number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within each RACH occasion is one-to-one mapped to the DL BWPs with common search space.
For this method, less number of PRACH preambles is available per DL BWP. Nonetheless, no mismatch between RACH occasion associated with the UE’s active DL BWP and the RACH occasion determined from the SSB-to-RACH occasion mapping will happen.

Hence, if configuration of PRACH resources on active UL BWP other than initial active UL BWP is supported, Alt.1 should be used.
On the other hand, if configuration of PRACH resources on active UL BWP other than initial active UL BWP is not supported, Alt.2 should be used. Furthermore, considering the PRACH resource determined by the SSB-to-RACH occasion mapping and the PRACH resource determined by the associated active DL BWP may not be the same in Alt.2-1 and Alt.2-2, and considering that up to 4 FDMed RACH occasions may need to be configured in initial active UL BWP, which may result in PRACH overhead in Alt.2-3, we think that Alt.2-4 is a better solution.

Proposal 1: If configuration of PRACH resources on active UL BWP other than initial active UL BWP is supported, the same number of UL BWPs with PRACH resources as the number of DL BWPs with common search space is configured and one-to-one mapping of DL and UL BWP is used.
Proposal 2: If configuration of PRACH resources on active UL BWP other than initial active UL BWP is not supported, the PRACH preambles in each RACH occasion is partitioned into number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within each RACH occasion is one-to-one mapped to the DL BWPs with common search space.

Conclusions
Based on the discussion, we have the following observations and proposals.
Observation 1: Not configuring UL resource for random access preamble transmission in active UL BWP for a UE makes UE have to switch BWP for performing random access procedure in TDD case.
Observation 2: Configuring common search space in each DL BWP can avoid UE from switching DL BWP for receiving RAR and msg4, if “RACH resource” in RAN2 agreement also means DL resource for receiving RAR and msg4.
Observation 3: gNB needs to transmit RAR in all DL BWPs configured with common search space, which is inefficient in terms of DL resource utilization.
Proposal 1: If configuration of PRACH resources on active UL BWP other than initial active UL BWP is supported, the same number of UL BWPs with PRACH resources as the number of DL BWPs with common search space is configured and one-to-one mapping of DL and UL BWP is used.
Proposal 2: If configuration of PRACH resources on active UL BWP other than initial active UL BWP is not supported, the PRACH preambles in each RACH occasion is partitioned into number of parts equal to the number of DL BWPs with common search space, and each part of the partitioned PRACH resources within each RACH occasion is one-to-one mapped to the DL BWPs with common search space.
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