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Discussion and Decision
1
Introduction
In RAN1#90bis, the following was agreed regarding UL transmission without grant [1],
· For UL transmission with grant,

· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;

· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;

· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.

· FFS: whether the fallback DCI is based on DCI format/size or on search space.

· RMSI informs single waveform to the UE
· For Type 1 and Type 2 UL transmission without grant,
· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.

· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.
· At least support following periodicities of resources for UL transmission without UL grant 

· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640


Furthermore, following were agreed from RAN1 email discussion that
· 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
·    For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.
· Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.
· Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell
· For UL transmission without UL grant,
· 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.
Based on these agreements, we discuss the remaining issues on grant-free.
2

Discussion
2.1

Starting occasion configuration/determination
RAN1 defined quite wide range of periodicities of resources for UL grant-free to support different type of traffics. Based on the configured periodicity and an offset from the gNB, the UE decides the grant-free resources in time domain. If the UE is not configured with repetition (i.e., K=1), the UE will start the transmission from the nearest grant-free resource when the data comes to the buffer. While if the UE is configured with repeated transmission (i.e., K>1), the UE needs to determine the starting resources (or occasions) and repeat the transmission in the following grant free resources. The determination from UE side could be based on gNB configurations, if provided. Otherwise the UE just starts the transmission from the the nearest resource as for the K=1 case. 
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Figure 1 GF transmission starts from the starting resource. K GF resources in each GF starting resource periodicity
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Figure 2 GF transmission starts from the starting resource. Larger than K GF resources in each GF starting resource periodicity
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Figure 3 GF transmission starts from the nearest GF resource
The gNB decides whether to configure the starting resources based on the traffic type. The starting resources are configured on top of the configured grant-free resources. The configuration could be a starting resource offset, which is the time offset between the first grant-free resource and the first starting resource. The UE will decide the whole starting resources based on this offset and the repetition number K. This means the starting resources periodicity contains K GF resources. An example is illustrated in Figure 1. 
Optionally, the gNB could configure a staring occasion periodicity besides the starting occasion offset, so that each grant-free resource periodicity contains larger than K grant-free resources. Figure 2 give an example. 
If the gNB does not configure the starting resource, the UE can start the transmission from the nearest grant-free resource, as shown in Figure 3. The gNB could determine the starting resource blindly, based on the scheme that UE selects different subset of resources for different HARQ processes (as described in below).
Proposal 1: The grant-free starting resource is configured on top of the configured grant-free resources. 

Proposal 2: If the gNB does not configure the grant-free starting resources, the grant-free transmission will happen from the nearest grant-free resource. 
2.2

HARQ
After the UE transmits a data TB using grant-free, the UE will wait for the response from the gNB. Based on the detection result, the response is either a DCI to schedule a retransmission, or an explicit ACK, or nothing if gNB does not detect the UE from the DMRS. To have flexible feedback timing, a timer could be explicitly configured by RRC signaling for the UE to detect the response. The timer can be disabled by the gNB if gNB can always send the feedback signal in the period between two grant-free occasions by which same HARQ process ID is determined. In this case, if new data comes, the UE can override this HARQ buffer with the new data even without explicit ACK. 
Proposal 3: A timer can be configured for the UE to reserve the HARQ process for potential retransmission for given period. 
With proposal 3 and if the UE is configured with multiple grant-free HARQ processes, the gNB should determine the HARQ process ID for a TB, which will be included in the response signal. It is possible that the UE indicates the HARQ process ID explicitly through a dedicated channel, but this will increase the overhead and may reduce the reliability of decoding as multiple messages will need to be decoded. 

Therefore, it is preferred that the HARQ process ID is implicitly determined. It was agreed that the HARQ process ID is at least determined by the number of HARQ processes in the configuration and the time domain resource, and FFS other factors. In our view, for different cases, the principle for HARQ process ID determination could be, 

· For grant-free transmission without repetition, similar as in LTE SPS, the HARQ process ID for grant-free is determined by the slot index and the configured number of HARQ processes.

· For grant-free transmission with repetition, if the gNB configures the starting resource (as in Figure 1 and Figure 2), the HARQ process ID is determined by the starting resource and the configured number of HARQ processes.
· For grant-free transmission with repetition, if the gNB does not configure the starting resource (as in Figure 3), the HARQ process ID is determined by t the frequency domain resource and he configured number of HARQ processes. The gNB configures one frequency resource and UE chooses different subset of resources for different HARQ process ID. 
The HARQ process ID should be the same during the repetition. 
Proposal 4: Depending on the scenarios, the HARQ ID is determined as below,
· For grant-free transmission without repetition, the HARQ ID is determined by slot index and the number of HARQ processes in the configuration.
· For grant-free transmission with repetition, if the starting resource is configured, the HARQ ID is determined by the starting resource and the number of HARQ processes in the configuration.
· For grant-free transmission with repetition, if the starting resource is not configured, the HARQ ID is determined by the frequency domain resource and the number of HARQ processes in the configuration.
In LTE SPS, the HARQ process is shared between SPS and grant-based transmission. If the transmissions happen in a same subframe, the grant-based transmission overrides the SPS transmission. Since the grant-free transmission is for URLLC, prioritizing the grant-based transmission as in LTE might not that reasonable. On the other hand, setting grant-free always prioritized is not efficient either since this impacts much the grant-based transmission, especially when multiple HARQ processes are configured for grant-free. Base on the analysis, using separate HARQ processes for grant-free and grant-based can be considered. The grant-free and grant-based use independent HARQ process IDs and each corresponding to different HARQ buffer in the UE side.  
Proposal 5: Separate HARQ processes for grant-free and grant-based can be considered. 
2.3

Grant-free type configuration 
Naturally, the gNB can configure different grant-free type for different UEs. However, from UE perspective, it is not necessary to support simultaneous type 1 and type 2 transmission in a same cell, since there will be almost no difference for each type of transmission in terms of the supported resource periodicities, and the retransmission scheme, etc... Further, for each grant-free type, there is no much benefit to support multiple configurations. The gNB can configure both the time and frequency domain flexibly based on the incoming traffic types. 
Proposal 6: From UE perspective, 
· simultaneous type 1 and type 2 transmissions in a same cell are not necessary.
· multiple configurations for each type in a same cell are not necessary.
3
Conclusions
In this contribution, we have the following proposals for grant-free,
Proposal 1: The grant-free starting resource is configured on top of the configured grant-free resources. 

Proposal 2: If the gNB does not configure the grant-free starting resources, the grant-free transmission will happen from the nearest grant-free resource. 

Proposal 3: A timer can be configured for the UE to reserve the HARQ process for potential retransmission for given period. 
Proposal 4: Depending on the scenarios, the HARQ ID is determined as below,

· For grant-free transmission without repetition, the HARQ ID is determined by slot index and the number of HARQ processes in the configuration.
· For grant-free transmission with repetition, if the starting resource is configured, the HARQ ID is determined by the starting resource and the number of HARQ processes in the configuration.
· For grant-free transmission with repetition, if the starting resource is not configured, the HARQ ID is determined by the frequency domain resource and the number of HARQ processes in the configuration.
Proposal 5: Separate HARQ processes for grant-free and grant-based can be considered. 

Proposal 6: From UE perspective, 
· simultaneous type 1 and type 2 transmissions in a same cell are not necessary.
· multiple configurations for each type in a same cell are not necessary.
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