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1. Introduction
In the previous RAN1 meetings, the following agreements and observations on enhanced UL grant-free transmissions were reached [1] [2][3].
RAN1 #94bis Agreements :
· To study further from at least the following.
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one transmission cross boundary of a period P 
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions
· Note: Switch grant free to grant based retransmission which is available in Rel.15
RAN1 #95 Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing

· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 

· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered
RAN1 #AH1901 Agreements:
In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
RAN1 #AH1901 Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).

· [bookmark: OLE_LINK3][bookmark: OLE_LINK2]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 
In this contribution, we mainly discuss explicit ACK feedback and multiple active configured grant configurations 
2. Enhanced HARQ-ACK feedback
One reason to introduce the explicit ACK for grant-free PUSCH transmission depends on the miss detection issue. In the last meeting, following observation was achieved:
· If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 
According to the latency analysis in [4], 2-OS PUSCH with 30 kHz or 2/4-OS PUSCH with 60 kHz for grant free PUSCH has a chance for one retransmission even within 1ms latency boundary. There would be more retransmission opportunities for a larger latency budget. It means the reliability of initial transmission of URLLC traffic with 99.999% and 99.9999% overall reliability could be set to,.e.g., 90% and 99% respectively. In other words, to ensure the overall reliability, the probability of miss detection should not exceed 10-5 and 10-6 at the required SNR which meets 10-1 and 10-2 PUSCH BLER. However, based on the simulation results provided in [5][6][7][8], this cannot be guaranteed. Take the simulation results in [5] as an example, the required SNR for 10-1 PUSCH BLER is about -2dB, where the miss detection is about 10-3  which is much higher than 10-5. Note that this is the best situation because no interference is taken into account. If interference is taken into account, the miss detection performance may deteriorate further [9]. 
As long as miss detection is an issue in some cases, explicit ACK should be introduced for UL grant-free transmission to deal with such problems. In this case, if explicit ACK and UL grant scheduled retransmission are not received by the UE, the UE should assume that the grant-free transmission is missed by gNB.
In addition, explicit ACK is also beneficial in terms of early termination as proposed by many companies. Many benefits are consequent on early termination such as, lower interference, higher power efficiency, higher resource efficiency.  Therefore, we propose to support explicit ACK for grant-free transmission.
Proposal 1: Explicit ACK should be introduced for UL grant-free transmission.
2.1 Sequence based vs DCI based ACK feedback 
[bookmark: OLE_LINK13]To introduce an explicit ACK for UL grant-free transmission, two schemes are on the table currently summarized as follows. 
· 

Option1: Sequence based solution. This is to use a sequence to represent ACK for a certain UL transmission. One out of multiple sequences could be utilized for carrying more bits of information. A false alarm threshold needs to be defined for this option. Here, we assume the probability of gNB’s missing detection of the grant-free transmission is PDTX, and the false alarm probability of detecting a sequence is Pfalse. To avoid packet loss,  shall be smaller than error requirement, e.g. 10-6. In the simulation,  for sequence based solution is used. 
· Option 2: DCI based solution. This is to use a DCI including the ACK bit for a certain UL transmission. Specifically, a group DCI or UE-specific DCI are proposed in this camp. Note that, if the number of information bits in a DCI format is less than 12 bits, zeroes shall be appended to the DCI format until the payload size equals 12 based on current specification. 
In our contribution[10], a preliminary comparison was given. The following observations were obtained under assumption of the same amount of CCEs (AL=8) and the same distributed CCE mapping structure in the time and frequency domain for both options.
· For sequence based solution, coherent detection could be also used and the performance of coherent detection is better than non-coherent detection. This is mainly due to distributed mapping is applied in the simulation, and non-coherent detection can only be accumulated per REG, which degrades the performance. Furthermore, sequence based scheme with power boost on DMRS (note, the total transmitted power is unchanged) provides about 1dB gain at BLER = 10-3 than the case without power boost on DMRS. The gap gets larger with the increase of SNR. 
· For DCI based solution, the performance with power boost on DMRS is slightly worse than the case without power boost on DMRS. This is due to the information bits is relative large and more sensitive to the power reduction on information bits. 
· Sequence based solution has about 4~5 dB gain than DCI based solution.
In Figure 1, we provide a more comprehensive comparison for above two options. It could be observed that, when using the same aggregation level, sequence based could provide 3~6 dB over DCI based solution for all aggregation levels 1,2,4,8,16. 

Figure 1. Performance of sequence based and DCI based solutions for explicit ACK indication 
Observation 1: Sequence based solution has about 3~6 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
If the explicit ACK is signaled by UE specific signaling, it is clear sequence based solution provides better performance. For group DCI signaling, one benefit is more ACK information from different UEs or different HARQ processes of the same UE could be grouped into one DCI. For instance, one DCI with 12bits could provide 4 UE’s ACK with each UE of 3bits, while sequence based signaling with 3bits can only contain one UE’s ACK information. However, we found it cannot group many UEs or HARQ processes of the same UE into one DCI for most of scenarios we are discussing now. Following are just two examples: 
· R15 enable use case 1 with periodic traffic model. The data arrival rate is generally much larger than air interface delay of 1ms, e.g. 1/60s. Meanwhile the packet size is 32 bytes, relatively small and no need to split into more than one TBs within 1ms. It means it is very difficult to group different HARQ progresses of one UE into one DCI. In addition, the data from different UEs is randomly arrived during arrival interval. It is almost impossible to group different UEs into one DCI. 
· Power distribution case 1 with FTP 3 with arrival interval 100 ms. An aperiodic traffic with a large interval will make it hard to group different UEs into one DCI. Similar to above case, the very limited air interface latency(2~3 ms) also makes hard to group different HARQ progresses of one UE into one DCI.
Observation 2: It is very difficult to group different UEs or different HARQ progresses of one UE into one DCI for many URLLC scenarios.
Proposal 2: Support sequence based solution for explicit ACK feedback for UL grant-free transmission.
2.2 Timer for grant-free HARQ feedback 
With the explicit positive ACK, it is still possible for missing detection of ACK. If the NACK is also undetected, UE would be possible considering the following:
a. gNB sent the ACK, but it is not detected by UE.
b. NACK (UL grant for re-transmission) is not detected by UE.
c. gNB did not detected the first PUSCH at all.
When that happen, UE have to decide how to response. A timer is necessary for UE further response. The existing timer scheme can be extended for that. After time-out, UE could transmit a new grant-free PUSCH. It is up to UE to transmit a new TB or re-transmit the previous TB through this PUSCH. This will keep the compatibility to the original grant-free operation.
Observation 3:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
3. Support of multiple active configured grant configurations.
There are two use cases of multiple configured grant configurations which was agreed in the last meeting. Use case1 was to support multiple services for a UE, while use case2 was to ensure the reliability and latency of the same service for a UE. Besides above two use cases, supporting multiple configurations can also provide the possibility of collision avoidance for inter-UE multiplexing. For instance, if one of the configurations collides with the resources of eMBB UEs, the URLLC UE can select a non-overlapping configuration, if any, for its uplink transmission to avoid the collision. More details are analyzed in our contribution [11]. 
Observation 4: Supporting multiple configurations is also beneficial for inter-UE multiplexing. 
· Common or separated parameters for each configurations
For use case 1, in general, different services have different QoS requirements, such as reliability and latency, at least the time and frequency resources, MCS and transmission periodicity should be configured independently for each configuration. For use case 2, we think at least the starting positions for different configurations should be different to adjust for sporadic URLLC traffic. As for use case 3 for inter-UE multiplexing, at least the frequency domain resources of different configurations should be different to provide more flexibility for collision avoidance. 
Proposal 3: For parameters of multiple configured grant configurations, 
· parameters are configured independently for supporting different services/traffic type, 
· at least the starting positions for different configurations should be different for enhancing reliability and reducing latency,
· at least the frequency domain resources for different configurations should be different for use case of inter-UE multiplexing.
· Activation/deactivation L1 signaling for each configuration
For Type 2 configured grant configurations, we also need to consider whether the activation/deactivation of the configured grant configurations is by a common DCI or by separate DCI. 
For use case 1, each configuration has independent parameters due to different service requirement. Independent DCI signaling should be used to activate each configuration. Considering how to indicate the UE which configuration is activated or deactivated, several alternatives can be considered. One is to reuse the HARQ ID field as a configuration index, which is similar to LTE URLLC. The other is to use different RNTIs for different configurations. 
For use case 2/3, independent DCI signaling to activate each configuration will cause too much indication redundancy due to lots of common parameters among configurations. For instance, if the maximum number of configurations is 8, gNB may need 8 DCI signaling to activate all configurations, despite the fact that only the time or frequency domain resources are different. It will increase the probability of PDCCH blockage seriously. Moreover, to minimize the transmission alignment time, one feasible way is to activate multiple configured grant configurations simultaneously, e.g., by a common DCI. Specifically, e.g. using a common DCI to activate all the configured grant configurations within a resource set simultaneously. Here, the resource set includes multiple configured grant configurations and each configuration has common parameters except for the starting time or frequency domain resources.
Proposal 4: For activation/deactivation of multiple configured grant configurations, 
· using independent DCI signaling to activate/deactivate each configuration for supporting different services/traffic type,
· using a common DCI signaling to activate/deactivate one or more configurations for enhancing reliability and reducing latency, or inter-UE multiplexing.
4. Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: Sequence based solution has about 3~6 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 2: It is very difficult to group different UEs or different HARQ progresses of one UE into one DCI for many URLLC scenarios.
Observation 3:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
Observation 4: Supporting multiple configurations is also beneficial for inter-UE multiplexing. 
Proposal 1: Explicit ACK should be introduced for UL grant-free transmission.
Proposal 2: Support sequence based solution for explicit ACK feedback for UL grant-free transmission.
Proposal 3: For parameters of multiple configured grant configurations, 
· parameters are configured independently for supporting different services/traffic type, 
· at least the starting positions for different configurations should be different for enhancing reliability and reducing latency,
· at least the frequency domain resources for different configurations should be different for use case of inter-UE multiplexing.
Proposal 4: For activation/deactivation of multiple configured grant configurations, 
· using independent DCI signaling to activate/deactivate each configuration for supporting different services/traffic type,
· using a common DCI signaling to activate/deactivate one or more configurations for enhancing reliability and reducing latency, or inter-UE multiplexing.
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