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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK2][bookmark: OLE_LINK3]In NR Release 15, there are two types of UL grant-free transmissions: configured grant type 1 and 2. For both types, slot-level repetition is supported with higher layer configured parameters repK defining the K repetitions to be applied to the transmitted transport block (TB), and the redundancy version pattern to be applied to the repetitions [1]. Furthermore, grant-free repetitions for a TB can be switched to grant-based transmission when a UL grant scheduling the same TB is received. Also, slot-level repetition is supported with higher layer configured parameters aggregationFactorUL defining the repetitions to be applied to a TB. In this contribution, we provide our considerations on repetition within one slot and repetition factor design to achieve latency and reliability requirements of URLLC.   
Discussion
Compared with slot-level repetition, repetition within one slot can reduce waiting time for transmission and provide more transmission occasions (TO) for repetition within 1ms, and thus, the 10^-5 reliability can be achieved by adopting moderate MCS, instead of extra low value. Similar as slot-level repetition, non-slot level repetitions for a TB can be switched to grant-based transmission when a UL grant scheduling the same TB is received. To achieve this, UE should periodically monitor PDCCH and perform blind decoding to check whether there is a grant for the ongoing transmitted TB. If successfully decoded, UE will stop grant-free repetition, otherwise, continue transmitting repetition of the TB. Monitoring PDCCH among UL grant-free repetitions within one slot causes UL-to-DL and DL-to-UL switching point, and frequent switching will increase UE complexity. Furthermore, considering that it requires a time gap between DL symbol and UL symbol, frequent switching will also reduce the resource efficiency. 
According to the slot configuration as described in 11.1.1[2], if a UE is configured by higher layers with parameter SlotFormatIndicator(SFI), it will monitor DCI 2-0 scrambled with SFI-RNTI to obtain dynamic slot format configuration on top of semi-static slot format configuration if semi-static configurations exist. For slot format obtained from DCI 2-0, it supports at most two DL-to-UL and one UL-to-DL switching point as given by rows 46-53 in Table 11.1.1-1. Considering the overwriting rules between RRC configured transmissions and dynamic slot format configuration, grant-free transmissions can only occupy UL symbols indicated by DCI 2-0. In this case, UE performs twice of DL/UL switching as illustrated in Fig.1. There are four TOs and two monitoring occasions (MOs) within one slot. Each TO has two UL symbols, each MO has two DL symbol, one symbol gap between DL and UL, and the resource occupied by gap is 14% of a slot.        


Figure 1 Four TOs and two MOs within one slot
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]On the other hand, if a UE is not configured by higher layers with parameter SlotFormatIndicator(SFI), the slot format is only determined by semi-static configurations with parameter tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated. In this case, grant-free transmissions can occupy both UL symbols and flexible symbols, where there are no constraint on number of DL-to-UL and UL-to-DL switching points. As shown in Fig.2, there are four TOs and three MOs within one slot. Each TO has two UL symbols, each MO has one DL symbol, and one symbol gap between DL and UL. UE requires to perform three times of DL/UL switching and the gap occupies around almost a quarter of the symbols in a slot. As discussed in the above, frequent DL/UL switching will increase UE complexity as well as reduce the resource efficiency. Consequently, for grant-free based repetitions within one slot, the number of PDCCH MOs should be limited to a small number, i.e., 1-2, to avoid high UE complexity and low resource efficiency.
Proposal 1: For grant-free based repetitions within one slot, the number of PDCCH monitoring occasions should be limited to a small number, i.e., 1-2.



Figure 2 Four TOs and three MOs within one slot
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Furthermore, currently there are four possible values 1, 2, 4, 8 of repK, which gives no repetition, two repetitions, four repetitions and eight repetitions, respectively. However, considering the length of PUSCH type B is from 1 to 13 for NCP, new values of repK are needed for repetitions within one slot, to provide the flexibility of repetitions for different lengths of PUSCH.
Proposal 2: New values of repK should be considered for repetitions within one slot.
For both repetitions over slots and repetitions within slot, grant-free repetitions can be switched to grant-based transmissions by receiving a UL grant for the same TB. Furthermore, besides repK, a UE can be also configured with aggregationFactorUL for grant-based repetition. If both repK and aggregationFactorUL are configured, a UE will perform grant-free repetitions and grant-based repetitions for the same TB. The total number of grant-free and grant-based repetitions for a TB may exceed 1ms latency of URLLC. One illustrative example is given in Fig.3, a UE is configured with repK=4 and aggregationFactorUL=4 for grant-free and grant-based repetitions over slots, respectively. At slot i, UE starts to transmit TB1 at grant-free time-frequency resource, and transmits first repetition of TB1 at slot i+1. At slot i+2, UE receives a UL grant for TB1, it terminates remaining grant-free repetitions and switches to grant-based repetitions referring to aggregationFactorUL=4. With SCS=60 kHz, the length of each slot is 0.25ms, a total of 6 repetitions result in 1.5 ms, which exceeds 1ms latency and the last three repetitions are not accounted for reliability. Therefore, for a TB with grant-free repetitions combined with grant-based repetitions, if the value of repK is configured to achieve the reliability of grant-free only, and aggregationFactorUL is configured to achieve the reliability of grant-based only, a total of repetitions for the TB may exceed 1ms latency of URLLC, leading to a waste of resource for the late repetitions. However, if the sum value of repK and aggregationFactorUL is configured to achieve the latency and reliability of grant-free combined with grant-based transmission, the reliability cannot be guaranteed for either grant-free only or grant-based only transmission. Therefore, a comprehensive approach for configuring repetition numbers for a TB should be considered. 




Figure 3 Grant-free repetitions switched to grant-based repetitions

Proposal 3: Configuring number of repetitions should be considered, which can achieve latency and reliability requirement of URLLC for grant-free only, grant-based only, grant-free combined with grant-based transmission.  

Conclusions
Repetitions within one slot and repetition factor design for UL grant-free transmissions are discussed in this document and the following conclusions are proposed:
Proposal 1: For grant-free based repetitions within one slot, the number of PDCCH monitoring occasions should be limited to a small number, i.e., 1-2.
Proposal 2: New values of repK should be considered for repetitions within one slot.
Proposal 3: Configuring number of repetitions should be considered, which can achieve latency and reliability requirement of URLLC for grant-free only, grant-based only, grant-free combined with grant-based transmission.   
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