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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Referring to UL transmission without grant, it has been agreed that multiple resource configurations can be configured to a UE in RAN 1 adhoc#3[1]. Furthermore, several agreements on HARQ in UL transmission without grant are approved in email discussions after RAN 1 #90bis, which are summarized as below [2].
Agreements:
For UL transmission without UL grant, for each configuration 
· The number of configured HARQ processes is explicitly configured by RRC    
· Each configuration can have multiple HARQ processes 
• The value range is {1, 2, …, M}, where M value is FFS
Agreements:
For UL transmission without UL grant, 
· [bookmark: OLE_LINK48][bookmark: OLE_LINK49]The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
· The HARQ ID is at least determined by 
· the number of HARQ processes in the configuration
· the time-domain resource for the UL data transmission
·  FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.
In this contribution, remaining issues on determining HARQ ID in multiple resource configurations for UL transmission without grant are discussed. 
Discussion
For UE configured with multiple resource configurations, it is able to support multiple services with different requirements simultaneously. Depending on the service requirement, UE can select a proper resource configuration by considering resource parameters including periodicity and offset of a resource, time and frequency domain resource allocation, MCS/TBS value, etc. Also, multiple resource configurations can be applied to simultaneous transmission of multiple TBs of the same service.
For type 1 and type 2 UL transmission without grant, retransmission with grant is enabled. When a search space of CORESET for L1 signaling of type 1 or 2 is configured to a UE, it should periodically monitor the search space for detecting possible UL grant for retransmission of ongoing transmission without grant. Furthermore, considering both slot and non-slot based UL transmission without grant is supported, each of multiple resource configurations can be either slot or non-slot based, depending on resource periodicity. Therefore, for transmission on slot based resource configuration, the monitoring periodicity of associated search space of CORESET should be in unit of slot, while for non-slot based case, the monitoring periodicity of associated search space of CORESET could be in unit of symbol. Considering different monitoring periodicities of UL grant for retransmission are required for slot and non-slot based UL transmission without grant, different search spaces should be configured to multiple resource configurations.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]As illustrated in Fig.1, UE 1 has two resource configurations 1 and 2, which are in same BWP. There is a CORESET with two search spaces configured in the BWP. Resource configuration 1 has a resource periodicity of one slot. When UE 1 transmits a TB on resource configuration 1, it monitors search space 1 of CORESET 1 for possible UL grant for retransmission. Search space 1 of CORESET 1 has a monitoring periodicity of one slot. Resource configuration 2 has a resource periodicity of two OFDM symbols. When UE 1 transmits a TB on resource configuration 2, it monitors search space 2 of CORESET 1 for possible UL grant for retransmission. Search space 2 of CORESET 1 has a monitoring periodicity of two OFDM symbols.


Figure 1 multiple resource configurations with different search spaces for slot and non-slot based transmission

Observation 1: For slot and non-slot based UL transmission without grant on multiple resource configurations, different search spaces for UL grant are required.



Figure 2 multiple resource configurations with different numerologies

A UE can have multiple BWPs, each of which is associated with a specific numerology, and multiple resource configurations can be configured in different BWPs. Considering multiple resource configurations have different numerologies, different monitoring CORESETs for UL grant for retransmission should be configured.
As illustrated in Fig.2, UE 1 has two resource configurations 1 and 2, which are in BWP 1 with SCS 15 kHz and BWP2 with SCS 30 kHz, respectively. When UE 1 transmits a TB on resource configuration 1, it monitors CORESET 1 with associated numerology of 15 kHz for possible UL grant for retransmission. When UE 1 transmits a TB on resource configuration 2, it monitors CORESET 2 with associated numerology of 30 kHz for possible UL grant for retransmission. 
Observation 2: For multiple resource configurations with different numerologies, different CORESETs for UL grant are required.
Proposal 1: For multiple resource configurations with different numerologies or transmission types (slot and non-slot based), different search spaces or CORESETs for UL grant should be configured to a UE.
By monitoring the associated search space and successfully detecting DCI scrambled by dedicated RNTI for UL transmission without grant, UE can identify the HARQ ID included in DCI and determine the TB for retransmission accordingly, as the HARQ ID for retransmission of a TB with grant should be the same as its transmissions without grant. Furthermore, to ensure HARQ ID consistency between UL transmission without grant and retransmission with grant for a TB, the total number of HARQ IDs used by different transmissions without grant on multiple resource configurations should not exceed the maximum number of HARQ IDs allowed in transmissions with grant. For some resource configurations associated with the same search space, if HARQ IDs used by these resource configurations overlap, a collision of retransmissions of multiple TBs corresponded to the same HARQ ID will happen, thus, non-overlapped HARQ IDs should be allocated to these resource configurations. While for some resource configurations associated with different search spaces, the HARQ IDs of them can overlap as UE can determine the exact TB for retransmission by HARQ ID and distinguished search space. According to the analysis above, if multiple resource configurations are associated with the same search space, the HARQ IDs allocated to them should not be overlapped, and if they are associated with different search spaces, the HARQ IDs allocated to them could be partially or fully overlapped. Therefore, besides the number of HARQ processes and time-domain resource, the HARQ IDs in each of multiple resource configurations are also determined by the associated search space or CORESET.
Proposal 2: Besides the number of HARQ processes and time-domain resource, the HARQ IDs in each of multiple resource configurations are also determined by the associated search space or CORESET.
Subsequently, as the HARQ IDs used in multiple resource configurations can be overlapped or non-overlapped, depending on whether the associated search spaces or CORESETs are different, the starting HARQ ID should also be configured for each resource configuration besides the number of HARQ processes. With starting HARQ ID available in each of multiple resource configurations, the remaining HARQ IDs used in the configuration can be determined by following LTE SPS-like approach.  
[bookmark: OLE_LINK50]Proposal 3: For each of multiple resource configurations, the starting HARQ ID should be configured either in explicitly or implicit way.
Conclusions
Remaining issues on determining HARQ ID in multiple resource configurations are discussed in this document and the following conclusions are proposed: 
Observation 1: For slot and non-slot based UL transmission without grant on multiple resource configurations, different search spaces for UL grant are required.
Observation 2: For multiple resource configurations with different numerologies, different CORESETs for UL grant are required.
Proposal 1: For multiple resource configurations with different numerologies or transmission types (slot and non-slot based), different search spaces or CORESETs for UL grant should be configured.
Proposal 2: Besides the number of HARQ processes and time-domain resource, the HARQ IDs in each of multiple resource configurations are also determined by the associated search space or CORESET.
Proposal 3: For each of multiple resource configurations, the starting HARQ ID should be configured either in explicitly or implicit way.
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