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1. Introduction
In #AH_1801 meeting, some issues on RRC signalling were discussed, however some essential issues on grant free , such as repetition scheme, inter-mini-slot hopping and UCI piggyback are not discussed. This contribution provides analysis on these issues. 
2. Discussion
2.1. Repetition scheme
K repetition is an important method to meet target BLER. However, there is still a little difference between URLLC and eMBB. For URLLC, K repetition is also one method to reduce latency, therefore resource allocation for K repetition should be as continuous as possible. For eMBB, K repetition is applied to resolve coverage issue, therefore continuous transmission is not necessary and non-continuous transmission could lead time diversity gain to some extent. Therefore, in terms of scenario requirement, both continuous and non-continuous K repetition should be supported.
However, current specification does not capture resource allocation issues for repetition. And last meeting achieves the following agreement [1]. In our opinion, this agreement focuses on slot-aggregation not mini-slot aggregation. For slot-aggregation, agreement is OK. However, it cannot be applied in the mini-slot scenario directly; due to it will lead unwanted latency, which may exceed latency requirement of URLLC. 
	· In case of slot-aggregation is configured

· the same symbol allocation is used across slots in UL

· Note: this aligns with the DL case

· the TB is repeated across the slots

· Discuss further offline the RV order for the DL/UL transmission (scheduled by DCI) spanning multiple slots (also checking the existing agreements made in the coding session)

· In case of slot-aggregation is configured, the configuration is limited to rank 1 only for both DL and UL


Therefore, mini-slot repetition needs further study. According to discussion in the first section, both non-continuous and continuous transmission for K repetition should be supported. For non-continuous mini-slot repetition, slot aggregation method defined in the above agreement is one scheme, shown in Figure 1(a). For continuous mini-slot repetition, shown in Figure 1(b), it needs to be included in specification. 

Another issue is how to configure repetition scheme. One method is a new RRC parameter to indicate repetition scheme. Another method is to use an existing RRC parameter to indicate repetition scheme. For example, PDSCH type A indicates non-continuous mini-slot transmission and PDSCH type B indicates continuous mini-slot transmission.  
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 (a)  Non-continuous mini-slot transmission (PUSCH type A)      (b) Continuous mini-slot transmission (PUSCH type B)  
Figure 1 Repetition scheme
Proposal 1: Non-continuous mini-slot repetition and continuous mini-slot repetition are configurable. 
2.2. PUSCH hopping procedure
Inter-slot hopping plays more important role in mini-slot transmission than intra-slot hopping. However, inter-slot hopping is not discussed fully and inter-slot hopping scheme in TS 38.214 Section 6.3 cannot work for mini-slot repetition due to hopping boundary is slot, as shown in Figure2.Therefore, it is better for hopping boundary to align with repetition scheme discussed above to keep frequency diversity, as shown in Figure 3(a) and (b). For non-continuous mini-slot repetition, hopping boundary aligns with slot. For continuous mini-slot repetition, hopping boundary aligns with mini-slot. Hopping boundary and repetition scheme can be configured by the same signalling.
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Figure2 Mini-slot repetition transmission with inter-slot hopping
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(a) Non-continuous mini-slot hopping                   (b) Continuous mini-slot repetition hopping

Figure 3 Hopping scheme

To coordinate hopping pattern among UEs easier, wherever the initial transmission occurs in time domain, Frequency resource for UE always depend on time index not transmission index.
In addition, current hopping pattern only depends on two parameters,
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, available hopping pattern is very limited and randomness of collision among UE is very limited, even leads 100% 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 should be configured. 
Generally, hopping resource per cell is not fixed and usually configured by eNB trade-off between collision control and system efficiency. For one UE, the more hopping resources, the fewer collision. So to reduce collision, hopping resource per UE should also be configured and one optimized option is the same as hopping resource per cell. As shown in Figure 4, due to hopping resource per cell can be configured flexibly, collision ratio decreases significantly, from 50% to 25% (the lowest collision ratio if collision occurs).
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Figure 4 Fixed and Configurable hopping resources
Proposal2: Hopping resource per UE can be configured by eNB to reduce collision probability.
3. UCI piggyback in grant free resource
UCI on PUSCH for configured grant is supported, but dropping/multiplexing rules for UCI to be further discussed.
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 three schemes to configure resource element for piggyback UCI or piggyback UCI bits. 
· 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.
· Reuse “timeDomainAllocation”. For mini-slot schedule, UCI cannot piggyback in grant free resource or restricted  UCI bits can piggyback in grant free resource; otherwise, UCI can piggyback and follow the same rule as grant base case.
Proposal3: Resource element number for piggyback UCI in grant free resource should be configurable.
Due to resource element for piggyback UCI is very limited, dropping/multiplexing UCI is inevitable. Comparing with dropping, multiplexing is more efficient. Multiplexing is preferred.
Proposal4: Multiplexing is preferred for UCI piggyback in PUSCH.
4. Conclusions

Proposal 1: Non-continuous mini-slot repetition and continuous mini-slot repetition are configurable.
Proposal 2: Hopping resource per UE can be configured by eNB to reduce collision probability.
Proposal 3: Resource element number for piggyback UCI in grant free resource should be configurable per grant free resource.
Proposal4: Multiplexing is preferred for UCI piggyback in PUSCH.
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