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Introduction
In the new SID on physical layer enhancements for NR URLLC[1], enhanced UL configured grant (grant free) transmissions are proposed to further study, with focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. 
In this contribution, we mainly discuss grant-free HARQ-ACK feedback and PUSCH mapping type B scheduling schemes. 
Enhanced HARQ-ACK feedback 
In the UL grant-free transmission, gNB sends a 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 misdetection 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. Thus, we consider improving this issue by introducing an explicit ACK sent by gNB. 
2.1  Synchronous explicit ACK Vs asynchronous explicit ACK
From UE perspective, synchronous explicit positive ACK means it has fixed timing with the corresponding PUSCH. Asynchronous explicit positive ACK can function without that timing relationship. In NR, asynchronous HARQ is generally supported. However 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.
Given that the re-transmission is asynchronous, the time to re-transmit PUSCH is flexible. It means many dedicated resources for synchronous ACK feedback should be reserved for all possible retransmission occasions. It would not be an efficient way. In our view, asynchronous ACK would be a proper choice for further complete grant-free mechanism with asynchronous HARQ. Specifically, a positive ACK can occupy 1 or few CCEs and indicate certain HARQ process of a UE. 
Proposal 1: Asynchronous explicit ACK feedback for UL grant-free transmission should be supported. 
2.2  DCI based Vs Sequenced based ACK 
To introduce an explicit ACK for UL grant-free transmission, we provide two possible schemes as follows. 
· Option1: Sequence based solution. This will allocate a set of sequences indicating explicit ACK for a certain HARQ process for a UE.
· Option 2: DCI based solution. It can reuse the current PDCCH DCI format/size and indicate HARQ process in the DCI field. One of the solutions is to set special values in RA field, e.g. all ‘1’s. However, it needs some differentiations to other DCI signaling such as type2 grant-free deactivation.
In general, the ACK design should have good detection performance. UE misdetection of that positive ACK will result in delay of new grant-free data for the same HARQ process ID. False alarm will result in ambiguity of HARQ process. Both options need to meet those requirements by using sufficient resources. As a preliminary study we perform simulation for the 2 options and show results in the Figure 1. The simulation assumption is given in the Appendix.
[image: ]
Figure 1. Performance of sequence based and DCI based solutions for explicit ACK indication
In Figure 1, the performance of sequence based scheme with different false alarm probabilities is shown. It can be seen that there is about 3dB performance loss if decreasing the false alarm probability from 10-2 to 10-7 ( Note, the false alarm probability of DCI based scheme with 24 bits CRC is around 10-7). We can also find that sequence based scheme outperforms DCI based scheme about 4~8dB under using the same amount of CCEs (AL=8), and still have 1.5~4.5 dB gain when sequence based scheme only uses half number of CCEs. Thus, we suggest adopting Option 1 for ACK indication. 
Observation 1: Sequence based solution has 4~8 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 2: Sequence based solution has 1.5~4.5 dB gain than DCI based solution when sequence based scheme only uses half number of CCEs.
Proposal 2: Adopt sequence based solution for explicit ACK feedback for UL grant-free transmission.
2.3 Timer for grant-free HARQ feedback 
With the explicit positive ACK, it is still possible for misdetection 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 retransmission) is not detected by UE.
c. gNB did not detected the first PUSCH at all.
[bookmark: _GoBack]When that happens, the UE has 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 will transmit a new grant-free PUSCH, assuming the previous transmission went through. And this will keep the compatibility to the original grant-free operation.
Observation 3:  The existing timer scheme is still useful for misdetection of ACK. 
PUSCH mapping type B scheduling optimization 
3.1 Mini-slot repetitions within one slot
At the end of RAN1 #93 meeting, it was agreed that data mapping type A for PUSCH does not support more than one repetition within one slot. But it is still FFS for mapping type B of PUSCH. Meanwhile, this SID also puts forward mini-slot repetitions within one slot for further study. Given the obvious benefits on latency, we propose to introduce repetitions within one slot at least for PUSCH mapping type B. For simplicity, the repetition resources is better to be consecutive to the first mini-slot and all repetitions have the same duration.
Proposal 3: Mini-slot repetitions within one slot should be supported at least for PUSCH mapping type B.
[bookmark: OLE_LINK8]In the case of K repetitions, 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 choose one of the transmission modes, 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 the two transmission modes. 
Observation 4: It is necessary to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot.
Currently, the DMRS pattern for each TO is the same and determined by the duration of each TO and RRC configurations. However, the DMRS overhead may be too large in some cases, e.g., each TO has only 1 or 2 symbols. This would be a normal case for mini-slot repetition. One straightforward way is to introduce the DMRS sharing scheme to reduce DMRS overhead for such case. For instance, the UE could regard all the consecutive TOs as a bundle, then UE determines the DMRS position following the current rules defined in the specification based on the duration of the bundle.
Proposal 4: DMRS sharing for mini-slot repetitions within a slot should be considered.
For mini-slot repetitions within one slot, the K repetitions may be unable to be transmitted always within one slot. As shown in Figure 2, only three TOs can be filled in the slot #n. Then, an issue is whether we should allow some of the repetitions could be across the slot boundary. For example, the fourth repetition can be transmitted in the next slot #n+1. In addition, 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. 
Allowing the K repetitions across the slot boundary is certainly beneficial to the latency, but may make the case a bit complex. Further consideration is needed. 


Figure 2 K repetitions across the slot boundary.  
[bookmark: OLE_LINK3]Proposal 5:  To further investigate whether and how to allow K repetitions across the slot boundary. 
3.2 Collision between transmission occasion and SFI
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. 
But this would be detrimental for URLLC reliability, and enhancement is needed here. One alternative is to allow the transmission of the remaining TOs if not collided with SFI. Take K = 4 as an example, Figure 3 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 such 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. 


Figure 3 A case when the grant free transmission conflicts with the slot format indication
Furthermore, K repetitions cannot be guaranteed if not all the TOs are utilized for transmission. This may lead to unguaranteed reliability for URLLC transmission and should be also avoided. 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 useless due to collision, two additional TOs should be configured. Meanwhile, gNB should also guarantee the additional TOs should not be out of the latency boundary. 
Proposal 6: For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, a new UE behavior should be defined if the first TO collides with SFI. The following could be considered. 
· 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. 
Another ponit for further study is whether and how to use a partial colliding TO. For example, if one TO contains our symbols while two of the symbols are collided with SFI. It may be still possible to transmit data on the remaining symbols. 
Conclusion
According to the analysis given above, we have the following observations and proposals:
Observation 1: Sequence based solution has 4~8 dB gain than DCI based solution when the two solutions use the same amount of CCEs.
Observation 2: Sequence based solution has 1.5~4.5 dB gain than DCI based solution when sequence based scheme only uses half number of CCEs.
Observation 3:  The existing timer scheme is still useful for misdetection of ACK. 
Observation 4: It is necessary to inform the UE to choose transmission modes between K repetitions across consecutive slots or K repetitions within one slot.
Proposal 1: Asynchronous explicit ACK feedback for UL grant-free transmission should be supported. 
Proposal 2: Adopt sequence based solution for explicit ACK feedback for UL grant-free transmission.
Proposal 3: Mini-slot repetitions within one slot should be supported at least for PUSCH mapping type B.
Proposal 4: DMRS sharing for mini-slot repetitions within a slot should be considered.
Proposal 5:  To further investigate whether and how to allow K repetitions across the slot boundary. 
Proposal 6: For RV sequence {0, 2, 3, 1} or {0, 3, 0, 3}, a new UE behavior should be defined if the first TO collides with SFI. The following could be considered. 
· 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. 
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Appendix 
Table A-1 Simulation assumption.
	Parameters
	Value

	DCI payload (excluding 24bits CRC)
	40bits, 30bits

	System bandwidth
	20MHz

	Carrier Frequency
	700MHz

	Number of symbols for CORESET
	2

	CORESET BW (contiguous PRB allocation)
	20MHz

	Subcarrier spacing
	30KHz

	Aggregation level
	8, 16

	Transmission type
	Interleaved

	REG bundling size
	6

	Modulation 
	QPSK

	Channel coding
	Polar code (DCI)

	Channel estimation
	Realistic

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

	UE speed
	3 km/h

	Number of BS antennas
	2Tx

	Number of UE antennas
	2Rx 

	Number of PRBs used for sequence based solution
	48
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