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Introduction
In RAN1 94bis, some agreements on UL inter UE Tx prioritization and multiplexing were achieved in the following [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 shall focus on enhanced UL configured grant (grant free) transmissions, including explicit HARQ-ACK, mini-slot hopping, UCI piggyback and spectrum efficiency.
Discussion
1.1 Explicit HARQ-ACK
In Rel15, HARQ feedback is determined by retransmission schedule and timer implicitly. If retransmission schedule occurs within specific timer window, retransmission will occur. Otherwise, UE assumes uplink data has been detected correctly. However, if gNB miss detect uplink data and does not transmit any signaling to UE. Then UE will misunderstand that gNB have detect uplink data correctly and not retransmit data till ARQ retransmission triggers, which will lead unacceptable latency. 
Miss detection in gNG due to two reasons: 1) Low SINR at gNB due to limited UE power or deep channel fading 2) The same DMRS port is shared by more than one UEs and gNB cannot identify UE and decode uplink data.  The latter issue is major reason due to shared DMRS is typical to improve grant free efficiency. To avoid misunderstanding, explicit HARQ-ACK is necessary.
Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
Figure 1 shows an example of explicit HARQ-ACK mechanism. Both retransmission timer and HARQ-ACK feedback perform. If HARQ-ACK is received before timer expires, then UE considers that data has been decoded correctly by gNB as shown in Figure 1(a). If UL grant for retransmission is received before timer expires, then UE retransmit data according to the UL grant, as shown in Figure 1(b). If no signaling is received before timer expires, then synchronous retransmission is triggered by timer



   
(a)Explicit HARQ-ACK is received   (b) Retransmission triggered by UL grant (c) Retransmission triggered by timer
Figure 1 Explicit HARQ-ACK mechanism
To support explicit HARQ-ACK mechanism, the following issues need to be studied:
1) HARQ-ACK mapping. Considering that the same DMRS port is shared by more than one UEs , then gNB cannot identify UE, so HARQ-ACK cannot feedback corresponding to UE. HARQ-ACK should correspond to DMRS port. Moreover, DMRS port number is not more than UE number in one grant free configuration, so HARQ-ACK corresponding to DRMS port is more effective.
2) Physical channel for HARQ-ACK. To reduce specification and implementation complexity, existent physical channel, such as PHICH in LTE, DCI format 2_x and PUCCH format1-2, can be referred. 
3) HARQ-ACK monitoring. If group-common DCI, similar as DCI format 2_x, is applied, PDCCH blind decoding is needed after uplink data is transmitted. If sequence based channel, similar as PHICH in LTE and PUCCH format 1-2, detection is performed by use of correlation of sequence. The latter scheme is more reliable and easier to detect.
4) Retransmission triggered by timer. Due to absence of indication, synchronous retransmission is a direct solution. For synchronous retransmission resource, both specific resource for retransmission and reuse of grant free resource can be considered. The latter reuses grant free resource, no additional resource is needed.
Proposal 2: For explicit HARQ-ACK, HARQ-ACK mapping, physical channel design, HARQ-ACK monitoring and retransmission triggered by timer need to be further studied.
1.2 Mini-slot hopping for grant free
The benefit from mini-slot repetition within one slot for grant based is not clear, however, the benefit from mini-slot hopping within one slot for grant free is obvious. For grant free, collision among UE in one grant free can not be controlled by gNB and only hopping can resolve collision. To recognize UE as early as possible, mini-slot repetition and hopping within one slot should be considered for grant free.


In addition, Current hopping pattern only depends on two parameters, and, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads persistent collision, which is fatal for URLLC. Non-orthogonal resource allocation, especially for data, is usual for URLLC to support more grant free UE in limited resource. If non-orthogonal resource for DMRS is applied, UE cannot be identified and data cannot be demodulated. So we suggest more flexible hopping pattern can be considered in terms of hopping sequence and hopping resource. 
Proposal 3: Mini-slot repetition and hopping within one slot should be considered for grant free.
Proposal 4:Mini-slot hopping need to be enhanced to reduce persistent collision. And flexible hoping pattern can be considered in terms of hopping sequence and hopping resource.
1.3 UCI piggyback
UCI on PUSCH for configured grant is supported, but dropping/multiplexing rules for UCI to be further discussed to ensure URLLC reliability.
Grant free resource can be used for periodical traffic, such as VoIP, and urgent traffic, such as URLLC. For URLLC, reliability requirement needs to be met firstly although UCI piggyback can improve DL transmission. Except restriction of UCI types, restriction on resource element number for piggyback UCI or restriction on UCI bit is necessary to ensure reliability for URLLC. However, considering that periodic but non-urgent traffic, such as VoIP also can be transmitted in grant free resource, resource element for piggyback UCI can be larger than that of URLLC. So resource element for piggyback UCI or piggyback UCI bits should be configurable.
There are two schemes to configure resource element for piggyback UCI. 
· New parameter indicates whether restrict UCI transmission or UCI piggyback scheme. 
· Reuse “BetaOffset” parameter. One solution is to include “0” in BetaOffset table and “0” indicates no UCI transmission.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.
1.4 Spectrum efficiency
Grant free resource is reserved while traffic varies dynamically, so grant free mechanism is low efficiency. For example, in one grant free resource, lower MCS level, such as QPSK and 1/3 code rate is assumed to meet reliable transmission and 2-symbol duration is assumed to meet low latency. To improve transmission efficiency of grant free, DMRS structure with largest orthogonal port, such as 6 is assumed, then only one symbol in 2-symbol can be used for data transmission.  Then to support 32 bytes (URLLC typical traffic size) transmission, 32 (32*8*3/2/12) PRB needs to be reserved. It means that for 20M system with 100 PRB, 32% resource is reserved for 6 UE, of which traffic does not always occur. 
Therefore, efficiency improvement on grant free is necessary. One solution is multiplexing of grant free transmission and grant based transmission.
Observation 1: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 6: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
Conclusions
In this contribution, we show our views on grant free enhancement with following observations and proposals:
Observation 1: Grant free mechanism is low efficiency and efficiency improvement is necessary.
Proposal 1: Explicit HARQ-ACK can improve transmission reliability due to it can recognize miss-detection of PUSCH. 
Proposal2: For explicit HARQ-ACK, HARQ-ACK mapping, physical channel design, HARQ-ACK monitoring and retransmission triggered by timer need to be studied.
[bookmark: _GoBack]Proposal 3: Mini-slot repetition and hopping within one slot should be considered for grant free.
Proposal 4:Mini-slot hopping need to be enhanced to reduce persistent collision. And flexible hoping pattern can be considered in terms of hopping sequence and hopping resource.
Proposal 5: Restriction on piggybacked UCI type and bit number in grant free is necessary for URLLC.
Proposal 6: Multiplexing of grant free transmission and grant based transmission is one effective way to improve efficiency of grant free mechanism.
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