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1 Introduction
In RAN1 Adhoc#3, RAN1#91b, RAN1#92, and RAN1#92b meetings, the following agreements on grant-free (GF) design and PUSCH repetition were achieved [1][2][3][4]:

Agreements in RAN1 Adhoc#3 meeting:

· The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017).
Agreements in RAN1#91b meeting:
· Support UE-specific RRC configuration of the following: 

· Mode 1: intra-slot FH only 

· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 

· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 

· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.
Agreements in RAN1#92 meeting:

· Data mapping type A for PDSCH and for PUSCH does not support more than one repetition within one slot.

Agreements in RAN1#92b meeting:
· For Rel.15 Dec. drop, for both Type 1 and Type 2 PUSCH transmissions with a configured grant, when a UE is configured with data mapping Type B and K>1, the same symbol allocation is applied across the K consecutive slots.

Based on the above agreements, in this contribution, we discuss the remaining issues on UL data transmission without dynamic grant, i.e., configured grant Type 1 and Type 2, including further clarifications on the support of multiple repetitions within one slot (mini-slot-based repetitions), as well as  the UE behavior when PDCCH is detected during repetitions.
2 On mini-slot-based repetitions
In this section, we mainly discuss the support of mini-slot-based repetitions for Rel.15 June Drop, including the necessity and benefits of mini-slot-based repetitions, the resource allocation of the multiple transmission occasions (TO) within a slot, as well as the UE behavior when symbol confliction happens in a TO.
2.1 Necessity and benefits of mini-slot-based repetitions 

Given the slot-based repetitions for grant-free transmission, it can be argued that configuring more symbols in a slot to make slot-based repetitions will make no difference than configuring fewer symbols for one repetition with multiple repetitions within a slot. It is actually not true for grant-free traffic in terms of having one timely occasion for the transmission of infrequent burst data packets upon traffic arrival and reducing latency for latency-critical applications. It is obvious that an infrequent burst data packet can arrive in any time within a slot, thus more TO allocations in a slot, each with shorter TO duration, will have more chances to transmit more quickly the burst data packet upon its arrival than only one TO allocation in a slot (occupying all or most of the symbols in the slot). More detailed analysis on the benefits of mini-slot-based repetitions are given in the Appendix.
There is an offline comment concerning the DMRS impact. In fact, the scheduling of multiple TBs within one slot by multiple PDCCHs for one UE has already been supported. From network perspective there should be no problem for the transmission of DMRS in mini-slot-based repetitions within a slot. There can be even more benefits from the UE perspective in this case, as the repetitions of the same TB can be viewed as a special case of different TBs within a slot but requiring much simpler preparation. 
Moreover, according to the agreements achieved in RAN1#91bis [2], frequency hopping across mini-slots for repetitions is supported and configured by UE-specific RRC signaling. In the sense of the above, mini-slot-based repetition is a feature that has already been agreed to be supported however missing in the current specifications. As Rel.15 Dec. drop doesn’t support more than one repetition within slot, mini-slot-based repetitions should be supported and specified in Rel.15 June drop.
Proposal 1: For both Type 1 and Type 2 PUSCH transmissions with a configured grant, more than one repetition within a slot should be supported for Rel.15 June Drop.
2.2 Resource allocation of multiple TOs within a slot
As mini-slot-based repetitions are mainly used for low-latency transmission scenarios, it is nature to use the value of the periodicity parameter P to implicitly indicate whether or not to apply mini-slot-based repetitions, i.e., when P is no larger than a preconfigured value, mini-slot-based repetitions are applied; otherwise, slot-based repetitions are applied. Furthermore, as the time duration of one slot varies from 1/16ms to 1ms in different transmission numerologies, it is reasonable and also suitable to use one slot as the preconfigured value from the low-latency point of view. On the other hand, for PUSCH mapping type A, DMRS is always located in the first OFDM symbol of a slot and this makes multiple repetitions within a slot not workable for PUSCH mapping type A. In this sense, mini-slot-based repetitions can only be supported for PUSCH mapping type B.
In 5.8.2 of TS 38.321 [5], the determination of the starting symbol for the first uplink grant in each period is defined. Considering that the starting symbol of the first TO within a period aligns with the starting symbol of the first uplink grant in a period, the first of the K mini-slot-based TOs within a period can be determined as follows:

· For Type 1 configured grant, the UE determines the first TO in the Nth period to start in the symbol S and with L consecutive symbols, for which:

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
(timeDomainOffset × numberOfSymbolsPerSlot + S + N × periodicity) modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), 
where S and L are provided by higher layer parameter timeDomainAllocation and timeDomainOffset is a higher layer parameter to indicate the number of the start slot with reference to SFN#0.
· For Type 2 configured grant, the UE determines the first TO in the Nth period  to start in the symbol and with L consecutive symbols, for which:

[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), 
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PUSCH where the configured uplink grant was (re-)initialised.
For the determination of the rest K-1 mini-slot-based TOs within a period, to simplify the design and minimize the specification work, we propose that each of the following TOs is consecutive to the previous TO without crossing a slot boundary and has the same time duration of L consecutive symbols.
Based on the above discussions, we have the following proposals for resource allocation of multiple mini-slot-based TOs within a period no larger than one slot to support mini-slot-based repetitions:
Proposal 2: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.15 June Drop, when a UE is configured with PUSCH mapping type B, K>1 and P≤ 1 slot, 
· the UE determines the first transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· the UE determines the following K-1 transmission occasions in each period to be consecutive to the previous one without crossing a slot boundary and have a time duration of L consecutive symbols.

2.3 UE behavior when symbol confliction happens in a mini-slot-based TO
To simplify the design and minimize the specification work, for PUSCH transmission with a configured grant, if the UE determines the number of symbols available for the PUSCH transmission is smaller than L in a TO, the UE does not transmit the PUSCH at the TO. The UE procedure for determining which symbols are available for PUSCH transmission with a configured grant is defined in subclause 11.1 of TS 38.213 [6].
Proposal 3: For both Type 1 and Type 2 PUSCH transmission with a configured grant, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is omitted.
3 On UE behavior when DCI is detected during repetitions
When the DCI is scrambled by CS-RNTI and is used for the scheduling of the same TB (i.e., the NDI bit is 1), as defined in subclause 6.1.2.3.1 of TS 38.214 [7], the UE shall terminate the repetitions and follow the DCI to generate a scheduled retransmission of the TB. Since the bundle of the K repetitions of the TB could be early-terminated, to meet the reliability requirement, the scheduled retransmission of the TB should also be a bundle of K repetitions (i.e., scheduled with the bundle). And the resources used for the retransmission of the K repetitions are allocated in a same way as the allocation of K TOs within a period P for the initial transmission of the TB.

Moreover, when a DCI is scrambled by CS-RNTI with the NDI in the received HARQ information being 0, for configured grant Type 2, it indicates as an activation or de-activation; for configured grant Type 1, it can designate an ACK without any specification impact, or the UE will ignore it without any action, which anyway needs clarification. 
Proposal 4: When a DCI scrambled by CS-RNTI and carrying a same HARQ ID as the one used in the GF repetitions of a TB is detected by a UE during/after the repetitions 

· If the NDI bit is 1, for both Type 1 and Type 2 configured grant, the UE shall terminate the repetitions and follow the DCI to generate a scheduled retransmission of K repetitions.
· If the NDI bit is 0, for configured grant Type 1, the UE will behave as one of the following

· Take it as an ACK, or 

· Ignore it without any action
4 Conclusion 
In this contribution, we discuss the remaining issues on UL GF. Proposals are summarized below. Corresponding draft CRs are given in [4].
Proposal 1: For both Type 1 and Type 2 PUSCH transmissions with a configured grant, more than one repetition within a slot should be supported for Rel.15 June Drop.
Proposal 2: For both Type 1 and Type 2 PUSCH transmissions with a configured grant in Rel.15 June Drop, when a UE is configured with PUSCH mapping type B, K>1 and P≤ 1 slot, 
· the UE determines the first transmission occasion in each period to start in a symbol as defined in 5.8.2 of TS 38.321 and have a time duration of L consecutive symbols;
· the UE determines the following K-1 transmission occasions in each period to be consecutive to the previous one without crossing a slot boundary and have a time duration of L consecutive symbols.
Proposal 3: For both Type 1 and Type 2 PUSCH transmission with a configured grant, the UE determines the available symbols in a slot configuration according to subclause 11.1 of TS 38.213. If the UE determines the number of symbols available for the PUSCH transmission with a configured grant is less than L in a TO, the transmission at that TO is omitted.
Proposal 4: When a DCI scrambled by CS-RNTI and carrying a same HARQ ID as the one used in the GF repetitions of a TB is detected by a UE during/after the repetitions 

· If the NDI bit is 1, for both Type 1 and Type 2 configured grant, the UE shall terminate the repetitions and follow the DCI to generate a scheduled retransmission of K repetitions.
· If the NDI bit is 0, for configured grant Type 1, the UE will behave as one of the following

· Take it as an ACK, or 

· Ignore it without any action
5 Appendix

Although the benefits of mini-slot-based repetitions have been well discussed in previous meetings, in the following, we would like to emphasize again its importance for URLLC. Figure 1 shows examples of two resource allocation options occupying a same number of symbols in one slot. In Figure 1(a), two mini-slot-based TOs for the transmission of two repetitions of one TB (Option A) are allocated and in Figure 1(b), only one TO (Option B) is allocated. Between the two options, firstly, Option A has no performance loss compared with Option B in terms of decoding probability. Secondly, it has the following additional benefits over Option B:

· It is possible at gNB side to successfully decode the TB by receiving only the initial transmission in Option A. Early decoding not only reduces the total transmission latency but also gives chances for early termination of the repetitions, which can reduce the inter-user interference and also save UE power, especially when a large repetition number K is configured.

· As discussed in section 2.3, when there is symbol that is not available for PUSCH transmission with a configured grant in a TO, the UE shall not transmit the PUSCH at the TO. In this case, with multiple TOs in one slot, even if some of the TOs are unavailable due to semi-static or dynamic slot format reconfigurations, the UE is still able to use the remaining TOs for the transmission of a TB. For example, as shown in Figure 1(c) and 1(d) respectively, if the first of the 4 symbols is configured as flexible by dynamic SFI, for Option A, there is still one TO (the 2nd TO) that can be used for the transmission of the TB in the slot; however, for Option B, the UE shall miss the only transmission opportunity in the slot and have to delay the transmission of the TB to the following slots or even drop the TB, neither is good for URLLC.
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Figure 1 Two resource allocation options within a slot
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