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1. Introduction
In the RAN1 #94 meeting，the following agreement on enhanced UL grant-free transmissions was reached [1].
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
In this contribution, we mainly discuss the mini-slot repetitions within a slot, multiple active configured grant configurations, ensuring K repetitions, and explicit ACK feedback. The enhancement for grant-based PUSCH transmission is in our companion contribution [2].
2. Mini-slot repetitions within a slot
· The necessity of supporting mini-slot repetitions within a slot
In general, K repetitions in time is used to improve the reliability of traffic transmission. It seems that one shot transmission with a long duration has similar reliability comparing with multiple short mini-slots repetition. So some companies argued that one shot transmission with a long duration makes no difference than multiple short mini-slot repetitions within a slot. Here we summarized four advantages for mini-slot repetitions. 
· Mini-slot repetitions within a slot have more opportunities to delivery traffic than a long PUSCH within a slot. When the traffic arrive behind the first symbol of a TO in the slot, that means UE misses the only transmission occasion in the slot when UE is configured a long PUSCH within slot. In this case, UE needs to delay delivery of the packet to the next slot. But for short mini-slot repetitions within a slot, even UE misses the previous TO, it can also delivery the packet on the remaining TOs timely. 
· Different mini-slot repetitions could use different transmission beams to obtain diversity gain, which is beneficial for reliability. It is not feasible for one shot transmission. 
· In current R-15 specification, the highest target reliability of MCS table is 99.999%. However, Rel-16 use case requires higher reliability, e.g. factory automation with 99.9999% reliability. Then, either we define a new MCS table with reliability of 99.9999% or using multiple mini-slot repetitions to achieve a lower coding rate. Some companies argued that MCS0 in current MCS table could reach the 99.9999% reliability. However, we find the SNR is about -10dB for MCS0 to reach the 99.9999% reliability based on the simulation results in our companion contribution [2]. But, the SINR could be even -15dB based on the UL geometry curve for factory automation shown in our companion contribution [3]. That means either re-transmission or repetitions should be supported. Given the re-transmission may not be always feasible for the 1ms air latency for factory automation, supporting repetitions within one slot is one way to go. 
· Early termination from gNB could be used for saving unnecessary repetitions for mini-slot repetitions. For instance, UE sends 4 repetitions in one slot. gNB could cancel the last two repetitions if gNB can successfully decode the data by using only the first two repetitions. This could be a normal case since the K repetitions is semi-statically configured by RRC, which may be not suitable for the dynamic changing channel. 
Based on above the analysis, we prefer to support mini-slot repetitions within a slot for UL grant free.
Proposal 1: Mini-slot repetitions within one slot should be supported.
· Differentiation of  the two repetition mechanisms
If mini-slot repetitions within a slot is supported for Rel-16, we should further discuss how to differentiate the two repetition mechanisms:
· Mechanism-1: Slot-based repetitions that each repetition is within a different slot
· Mechanism-2: Mini-slot-based repetitions that multiple repetitions are within a same slot
If K repetitions are configured, gNB currently only informs the starting symbol and duration of the first transmission occasion (TO). But for the remaining K-1 TOs, the UE needs to further decide one of the repetition schemes, i.e., either repeating the TB across K-1 consecutive slots or K-1 mini-slots within one slot. One straightforward way is to use RRC signalling to distinguish between these two repetition mechanisms. 
[bookmark: OLE_LINK8]Proposal 2: Using RRC signalling to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot
· Frequency domain resource allocation
Frequency hopping can improve the performance of grant free transmission by achieving the benefit of frequency diversity. If mini-slot repetitions within a slot is supported, frequency hopping for the K repetitions needs to be discussed.
As defined in TS 38.214, the starting location of the initial transmission of a TB and frequency hopping boundary are determined by the transmission occasion and RV sequence for slot-based repetition. Such a frequency hopping mechanism can be reused for mini-slot based repetitions within a slot with following modifications.
· [bookmark: OLE_LINK12]For RV sequence {0, 0, 0, 0}, the initial transmission may start at any of the transmission occasions of the K repetitions. To ensure there always contains frequency hopping during the repetition transmission, the hopping boundary can occur at each repetition.
· [bookmark: OLE_LINK11]For RV sequence {0, 2, 3, 1}, data must be transmitted on the transmission occasion of RV=0. To reduce the transient period of power on/off and the RS overhead due to frequency hopping, it is better to only have two hops, e.g., the first hop is floor (K/2), the second hop is ceil (K/2), where K is the number of repetition.
· [bookmark: OLE_LINK7][bookmark: OLE_LINK10]For RV sequence {0, 3, 0, 3}, the start location of the initial transmission may be any of the transmission occasions are associated with RV=0. It can have the same hopping pattern as RV sequence {0, 2, 3, 1}. However, if the initial transmission starts from the second TO with RV0, there might no hopping between the remaining repetition transmission. An example is shown in Figure 1-a. Another hopping pattern is shown in Figure 1-b, which always contains frequency hopping no matter the initial transmission starts from the first or second TO with RV0. In our views, the later hopping pattern is better in terms of frequency diversity for all cases.


       
Figure 1-a Hopping pattern 1                                            Figure 1-b Hopping pattern 2
Figure 1 Frequency hopping pattern for RV{0, 3, 0, 3}
Proposal 3: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
· [bookmark: OLE_LINK6]Collision between transmission occasion and SFI.
In current NR specification, if a UE is configured with grant free transmission, and the UE detects a DCI format 2_0 with a slot format value other than 255 indicating a slot format with a subset of symbols as ‘downlink’ or ‘flexible’, the following UE behavior is defined. 
· For RV sequence {0, 2, 3, 1}, the UE shall cancel the whole PUSCH if the first TO contains above ‘downlink’ or ‘flexible’ symbols,
· For RV sequence {0, 3, 0, 3}, the UE shall cancel the first two TOs if the first TO contains above ‘downlink’ or ‘flexible’ symbols. 
If such a collision handling is also applied to mini-slot repetitions within a slot, the latency as well as the reliability of URLLC can not be guaranteed. One alternative is to allow the transmission of the remaining TOs if not collided with SFI. Take K = 4 as an example, Figure 2 shows that the UE detects a dynamic SFI indicating the set of symbols of TO = #1 as ‘flexible’. To avoid dropping the whole PUSCH transmission in this case, one way is to let the initial transmission start at the TO #2 corresponding to the earliest available UL symbols. The RV sequence should be also shifted accordingly for an easier gNB decoding. Since the SFI is known at gNB, the RV sequence shift to the next available TO is also known at gNB side, so there is no misunderstanding between the UE and gNB.


Figure 2 A case when the grant free transmission conflicts with the slot format indication
[bookmark: OLE_LINK4]Furthermore, K repetitions cannot be guaranteed since not all the TOs are available for transmission. This may lead to unguaranteed reliability for URLLC transmission and further enhancement should be considered. If gNB notices that the collision will happen, a further enhancement is that gNB can configure additional TOs for UE in some ways to ensure the K repetitions. For example, if two TOs are not available for transmission due to collision, two additional TOs can be configured. Meanwhile, gNB should also guarantee the additional TOs should not be out of the latency boundary. 
[bookmark: OLE_LINK15]In order to ensure the K repetitions, another point for further study is whether and how to use a partial colliding TO. For example, if one TO contains four symbols while two of the symbols are collided with SFI. It may be still possible to transmit data on the remaining symbols.
Proposal 4: A new UE behavior should be defined if the TO collides with SFI, the following mechanisms can be considered:
· For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, if the first TO collides with SFI:
· Allow the transmission of the remaining TOs which is not collide with SFI. RV0 is transmitted on the 
first available TOs.
· gNB can configure additional TOs for UE to ensure the K repetitions.
· The additional TOs should not be out of the latency boundary.    
· [bookmark: OLE_LINK9]For a colliding TO,  FFS whether data can be transmitted on the remaining symbols which not collide with SFI. 
3. Ensuring K repetitions
In the RAN1#94BIS meeting, the following options were agreed for ensuring K repetitions. 
· 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 
Option 1 ensures the reliability by introducing multiple configurations and reduces the latency by setting different starting offset between different configurations.  Detailed analysis is given in Section 4. 
For Option 2, the HARQ process number identification needs to be addressed. For example, how to distinguish the transmission on the second period is a repetition belonging to the first TB or the new transmission for the second TB. Regarding to the HARQ ID, two alternatives are on the table currently. One alternative is to use different DMRSs for different transmissions, which will reduce the multiplexing capacity. Another alternative is to multiplex the HARQ ID as one type of UCI in the PUSCH, which need new mapping rules and could degrade the performance of data.
Option 3 has the same HARQ ID issue with Option 2. On top of this, it loses the benefits of mini-slot repetitions identified in Section 2. 
Based on above analysis, we prefer at least to  support Option1. 
Proposal 5:  To ensure K repetitions, at least support multiple active configured grant configurations for a BWP of a serving cell.
Another point related to ensuring K repetitions is whether and how to support mini-slot repetitions across slot boundary. An example with  K=4 is shown in Figure 3, where only three TOs can be transmitted in slot #n. Then, an issue is whether the UE only transmits 3 repetitions not allowing repetitions across slot boundary or it will transmit 4 repetitions allowing slot boundary crossing. We think the latter would be better in terms of reliability. Thus, we suggest to support repetitions across slot boundary for grant-free PUSCH.
Further, we need define the first available UL/Flexible symbols. For instance, whether symbol #2 slot #n+1 could be used considering it may be used as a GP between DL-UL. For slot-based repetitions, the same issue shown in Figure 3 exits if we want to bring the remaining repetition forward, which means no need force the the remaining repetitions to have the same starting symbols as the initial transmission. 


Figure 3 K repetitions across the slot boundary.
Proposal 6: Support K repetitions across the slot boundary. 
· FFS the first available symbol after crossing slot boundary.
4. Support of multiple active configured grant configurations.
It was proposed in the offline discussion in RAN1 #94bis meeting:
It is beneficial to support multiple active configured grant configurations for a given BWP of a serving cell at least for following use cases
· Use case 1: different service/traffic types supported simultaneously at the UE side 
· E.g., low-latency traffic + high-reliability traffic, voice traffic + sporadic emergency message traffic, etc.
· Use case 2: reduce the latency and ensure the reliability for traffic with a given characters and requirements.
· LTE HRLLC mechanism can be the starting point for NR.
Besides above benefits, supporting multiple configurations can also provide the possibility of inter-UEs collision avoidance. Based on certain configuration selection criterion, a UE can select a proper configuration for its uplink transmission to avoid collision with other UEs.
Observation 1: Supporting multiple configurations for configured grant is also beneficial for inter-UE multiplexing. 
If multiple active configured grant configurations are supported in Rel-16, the following issues need to be considered. 
· Common or separated parameters for different configurations
If the multiple active configured grant configurations are used for Use case 2, we think at least the time domain starting offset should be different for each configuration to adapt the sporadic traffic arrival. For the repetition number K and periodicity P, we slightly prefer to configure them the same for each configuration, which is similar to what has been agreed for LTE URLLC UL SPS. 
In order to transmit the traffic as soon as possible, it is beneficial to support repetitions across slot boundary.  Otherwise, either K repetitions can not be ensured or additional latency would be introduced. The issues discussed in Section 3 also applies to the case when multiple configurations is supported.
· Activation/deactivation L1 signaling
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. 
If separate DCI is used, the overhead should be taken into account. In this case, RAN1 should first decide how many configurations should be supported to keep the overhead of activation/deactivation L1 signaling to an acceptable level. Considering how to indicate the UE which configuration is activated or deactivated, several alternatives can be considered. One is to reuse the HARQ ID control as a configuration index, which is similar to LTE URLLC. The other is to use different RNTIs for different configurations. 
If a common DCI is used to activate or deactivate multiple configured grant configurations, details design of the activation/deactivation DCI should be considered. One example is to use a bitmap with M bits to indicate which configurations are activated or deactivated, where M equals to the number of configured grant configurations. Whether the M bits is a new introduced control field or existing control field in the activation/deactivation DCI is FFS. Control fields such as HARQ ID , RV and NDI are good candidates for reuse.
· Repetitions within one configuration or across multiple configurations
In general, two options can be considered:
· Option 1: Repetitions of a TB can only be transmitted within a resource configuration
· Option 2: Repetitions of a TB can be transmitted across multiple configurations
Option 1 is simple and aligned to LTE URLLC. The benefit of Option 2 should be justified. Currently, we slightly prefer Option 1, i,e, repetitions of a TB can only be transmitted within a resource configuration.
Proposal 7: For multiple active configured grant configurations, further study the following issues,
· Common or separated parameters for different configurations.
· The maximum number of configurations supported.
· Design of activation/deactivation L1 signaling.
· Whether allowing repetitions of a TB transmitted across multiple configurations.
5. Enhanced HARQ-ACK feedback
In the UL grant-free transmission, gNB sends an UL grant for re-transmission only when the TB is not correctly decoded. For a UE, if the related UL grant is not detected within pre-determined time after the grant-free transmission, the transmitted TB is assumed to be successfully received. One of the issues is that the UE cannot distinguish gNB’s missing detection of the grant-free transmission and react it as a correct decoding at gNB side in the end of timer. The misunderstanding will result in higher layer data corruption and may take even longer time to recover. Some implementation based schemes such as reducing the threshold of missing detection could alleviate the issue. However, this will lead to the waste of downlink and uplink resource because of high false alarm. In our views, introducing an explicit ACK is a direct and efficient way.
Proposal 8：Explicit ACK should be introduced for UL grant-free transmission.
5.1  Synchronous explicit ACK vs asynchronous explicit ACK
Synchronous explicit ACK means it has a fixed timing with the corresponding PUSCH. Asynchronous explicit positive ACK can function without that timing relationship. In Rel-15, synchronous positive ACK is actually used due to the timer mechanism for UE assuming a correct decoding in gNB side. UE’s NACK is done by UL grant which result in an asynchronous NACK scheme.
To avoid too many blind decoding times at UE side, synchronous ACK seems more desirable. In addition, the false alarm probability could be reduced if fewer blind decoding are needed. Therefore, we prefer synchronous ACK feedback for UL grant-free transmission. 
Proposal 9: Synchronous ACK feedback for UL grant-free transmission should be supported. 
5.2 Sequence based vs DCI based ACK feedback 
[bookmark: OLE_LINK13]To introduce an explicit ACK for UL grant-free transmission, we provide two possible schemes as follows. 
· Option1: Sequence based solution. This is to use a sequence to represent ACK for a certain UL transmission.
· Option 2: DCI based solution. This is to use a DCI including the ACK bits for a certain UL transmission. 


For Option 1, assuming the probability of gNB’s missing detection of the grant-free transmission is PDTX. The false alarm probability of detecting a sequence is defined as Pfalse. To avoid packet loss,  shall be smaller than error requirement, e.g. 10-6. In the simulation,  for sequence based solution is used. 
For DCI based solution, both 30 and 12 information bits are simulated in Figure 4. Based on TS 38.212, if the number of information bits in a DCI format is less than 12 bits, zeros shall be appended to the DCI format until the payload size equals 12. 
[bookmark: _GoBack]As a preliminary study, we perform simulation for the 2 options and show the results in the Figure 4. In the simulation, both options utilize the same amount of CCEs (AL=8) and the same distributed CCE mapping structure in the time and frequency domain. For sequence based solution, coherent detection could be also used and the same amount of DMRS per REG as DCI based scheme is assumed in this case. More detailed simulation assumptions are given in the Appendix.

Figure 4. Performance of sequence based and DCI based solutions for explicit ACK indication
In Figure 4, it can be seen that the performance of sequence based scheme with 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 3dB power boost on DMRS 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. Note, the total transmitted power is unchanged for all cases. 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. 
Overall, sequence based scheme with 3dB power boost on DMRS is about 5dB or 4dB gain over DCI based scheme with 30bits or 12bits payload respectively. Generally, if the aggregation level doubles, 3dB gain can be achieved. That means sequence based scheme will still have about 1~2 dB gain even only using half of CCEs compared to DCI based scheme. In other words, sequence based solution could also reduce DL feedback overhead.                                                
Observation 2: Sequence based solution has about 4~5 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 3: Sequence based solution could reduce DL feedback overhead. 
Proposal 10: Support sequence based solution for explicit ACK feedback for UL grant-free transmission.
5.3 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 4:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
6. Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: Supporting multiple configurations is also beneficial for inter-UE multiplexing. 
Observation 2: Sequence based solution has about 4~5 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 3: Sequence based solution could reduce DL feedback overhead. 
Observation 4:  The existing timer scheme is still useful for missing detection of HARQ-ACK feedback. 
Proposal 1: Mini-slot repetitions within one slot should be supported.
Proposal 2: Using RRC signalling to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot
Proposal 3: For the inter-repetition frequency hopping, the hopping pattern design can be based on the repetition number and the configured RV sequence: 
· For RV sequence {0, 0, 0, 0}, hopping boundary can occur at each repetition.
· For RV sequence {0, 2, 3, 1}, the first hop is floor (K/2), the second hop is ceil (K/2), where K is the repetition number.   
· For RV sequence {0, 3, 0, 3}, the first hopping boundary occurs between the first TO with RV0 and the first TO with RV3, the second hopping boundary occurs between the second TO with RV0 and the second TO with RV3.
Proposal 4: A new UE behavior should be defined if the TO collides with SFI, the following mechanisms can be considered:
· For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, if the first TO collides with SFI:
· Allow the transmission of the remaining TOs which is not collide with SFI. RV0 is transmitted on the 
first available TOs.
· gNB can configure additional TOs for UE to ensure the K repetitions.
· The additional TOs should not be out of the latency boundary.    
· For a colliding TO,  FFS whether data can be transmitted on the remaining symbols which not collide with SFI.
Proposal 5:  To ensure K repetitions, at least support multiple active configured grant configurations for a BWP of a serving cell.
Proposal 6: Support K repetitions across the slot boundary. 
· FFS the first available symbol after crossing slot boundary.
Proposal 7: For multiple active configured grant configurations, further study the following issues,
· Common or separated parameters for different configurations.
· The maximum number of configurations supported.
· Design of activation/deactivation L1 signaling.
· Whether allowing repetitions of a TB transmitted across multiple configurations.
Proposal 8：Explicit ACK should be introduced for UL grant-free transmission.
Proposal 9: Synchronous ACK feedback for UL grant-free transmission should be supported. 
Proposal 10: Support sequence based solution for explicit ACK feedback for UL grant-free transmission.
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8. Appendix 
Table A-1 Simulation assumption.
	Parameters
	DCI based scheme
	Sequence based scheme

	DCI payload (excluding 24bits CRC)
	30bits, 12bits
	Total 8 sequences

	System bandwidth
	20MHz

	Carrier Frequency
	700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	8

	Transmission type
	Distributed

	REG bundling size
	6

	Channel model
	TDL-C (Delay spread: 300ns) 

	UE speed
	3 km/h

	Number of BS antennas
	1Tx

	Number of UE antennas
	2Rx 

	Modulation 
	QPSK
	-

	Channel coding
	Polar code (DCI)
	-

	Channel estimation
	MMSE
	MMSE for coherent detection or non-coherent detection



1Tx, 2Rx
PDCCH based, 30bits, w/o power boost  on DMRS	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.043	0.0038	0.000147	4e-5	PDCCH based,12bits,w/o power boost  on DMRS	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.2886	0.0947	0.0111	0.000394	PDCCH based, 12bits, with 3dB power boost on DMRS	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.3982	0.1091	0.0163	0.000659	Sequence based, 3bits, DTX to ACK=10^-3,non-coherent	
	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.46036	0.14731	0.027496	0.002293	7.25e-5	Sequence based, 3bits, coherent detection w/o power boost  on DMRS	
	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.550721445093072	0.332601609791791	0.0624	0.0064	0.000535	6e-5	Sequence based, 3bits,coherent detection with 3dB power boost  on DMRS	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	0.5874	0.2585	0.0434	0.0023	0.00011	5e-6	
BER
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