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Introduction
In RAN1-NR and RAN1#88 meetings, following agreements were made [1] [2]:
	Agreements:
· For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point
Working assumption:
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable


In this contribution, we provide consideration points of scheduling design for URLLC. We discuss CBG-based transmission for DL/UL and grant-free UL transmission for URLLC. Especially, we focus on UCI enhancements, and collision issues between eMBB and URLLC UL transmissions.

CB group-based transmission considering URLLC pre-emption 
When the scheduling units of eMBB and URLLC are different, parts of time-and-frequency resources of eMBB DL transmission could be pre-empted by URLLC DL transmission. In general, it can be considered that transmission mode and/or the number of transmission layers would be different between eMBB and URLLC. For instance, since URLLC traffic amount could be relatively smaller than that of eMBB traffic, the number of transmission layer of URLLC DL transmission could be smaller compared to eMBB DL transmission. In case, it is necessary to investigate whether or not all the transmission layer of eMBB DL transmission would be impacted when URLLC DL transmission pre-empt a certain set of time-and-frequency resources of eMBB DL transmission. If certain set of transmission layer of eMBB DL transmission is affected by URLLC DL transmission, it can be considered that the information of impacted layers can be included in indication of impacted resources. 
Proposal 1: It is necessary to investigate how many transmission layers of DL transmission will be affected when the assigned DL resources have partially been pre-empted by another DL transmission. 
Considering resource mapping method of the LTE system, the concatenated CBs will be mapped on physical resources in increasing order of first the layer index over assigned rank, and then the subcarrier index over assigned physical resource blocks, and then the OFDM symbol index as shown in Figure 1. 
[image: ]
Figure 1: Example of physical resource mapping of eMBB DL transmission together with URLLC pre-emption. 
In case, for the same time-and-frequency resources, the same CB will be mapped across multiple layers. It would be beneficial in terms of detection performance since each CB will achieve spatial diversity. However, when URLLC DL transmission pre-empts parts of eMBB DL resources over multiple layers, the corrupted coded bits will be belong to a certain CB as shown in Figure 1. Meanwhile, in term of detection performance, it would be better to distribute the corrupted coded bits across multiple CBs. To be specific, it can be considered that different CB can be mapped on the same time-and-frequency resources across different transmission layers. On the other hands, considering CB group-based retransmission, it seems beneficial in terms of signalling overhead of indication for impacted resources that impacted resources over multiple transmission layers are associated with the same CB or CBG. 
Proposal 2: It is necessary to carefully investigate whether or not the time-and-frequency resources across multiple layers are associated with a certain set of CB or CBG considering pre-emption of another DL transmission. 


Grant-free UL transmission
Grant-free UL transmission would be beneficial in terms of latency since UE can transmit UL transmission right after UL packet arrival without UL grant scheduling of gNB. However, since grant-free UL transmission(s) will not be coordinated by gNB based on traffic amount and UL link quality, grant-free UL transmission would be inefficient in terms of resource usage. Also, unless UE dedicated resource is reserved, grant-free transmission may decrease reliability when contention based access is used. To improve resource efficiency, following options can be considered:
· Option 1: (Initial transmission on grant-free) After gNB receives grant-free UL transmission with BSR, gNB schedules UL grant for that UE. In case, it is necessary to investigate how gNB specify UE identification for the received grant-free UL transmission.  A UE is allowed to utilize grant-free resource only for initial UL transmission which can be interpreted as if SR with or without BSR if this approach is used. This approach can reduce the collision probability, though, some latency for UL grant may be remained. This approach would be beneficial when traffic amount and/or traffic arrival rate is large enough.
· Option 2: (always grant-free) Alternatively, grant-free UL transmission can be used all the time for URLLC UL transmission as if SPS configuration. In other words, UE can utilize configured grant-free UL resource unless there is UL grant. This approach would be effective when collision probability is low or zero. 
· Option 3: (conditional switching) Depending on situation (e.g. traffic condition of UE/resource), gNB can select whether or not to switching grant-based UL transmission from grant-free UL transmission. This can be enable or disable utilizing configured grant-free resources (e.g., similar to SPS activation/deactivation). When grant-free resource is available, it can utilize grant-free resources in addition to grant-based scheduled resources. Otherwise, a UE can rely on grant-based scheduling. For efficient switching between grant-free and grant-based transmission, it is considerable to convey information of traffic in initial grant-free transmission. Alternatively, depending on situation (e.g., collision probability of grant-free resource), a UE can request switching to grant-based scheduling by sending SR. 
For Option 1, it is considerable when URLLC traffic is frequent. On the other hand, as the statements above, Option 2 is useful when URLLC traffic arrives rarely. Without appropriate combination of mechanism and URLLC traffic, we cannot avoid inefficiency on grant-free UL resource. So it is not desirable that applying same option to UE or grant-free UL resource under different conditions. When we consider Option 3, it need to investigate on suitable condition and detailed mechanism for switching. 
Proposal 3: Both grant-free and grant-based initial transmission for URLLC need to be supported.   
For grant-free communication, gNB has to receive some information of grant-free transmission from UE. According to the agreements above, UE can repeat transmission without HARQ feedback on grant-free UL resource. In that case, gNB need to distinguish between transmissions of same or different transport blocks for proper combining. To identify the transmitter and same or different TBs, the following information seem necessary to be distinguishable.
· UE identification
· HARQ process number or TB identification
· Information for reception (RA, MCS, TBS, etc.)
Regarding number of HARQ processes supported by grant-free transmission, it is necessary to support multiple HARQ process at least for certain cases like a switching to grant-based scheme for retransmission. While the first HARQ process can continue retransmission based on grant, at least second HARQ process can be considered to utilize configured grant-free resources. Considering that, at least two HARQ process can be considered. 
In delivering such information, particularly when contention is used for grant-free, we can consider the following approaches.
(1) A UE is configured with dedicated resource for each HARQ process and MCS/TBS such that gNB can identify the above information by receiving data in the dedicated resource. One example is to assume that single HARQ process is used for grant-free resource and a UE is configured with dedicated time/frequency and possibly DM-RS scrambling sequence. Even when single HARQ process is used, it needs to be clarified how to differentiate new data and repetition. One mechanism is to assume that a UE transmits new data always on grant-free resources (with K repetition factors). The main drawback of this approach could be resource inefficiency particularly when infrequent URLLC traffics with many UEs need to be configured. 
(2) Another approach is to convey such information as if piggybacked UCI. When UCI piggyback is considered, main question is how to deliver UCI reliably particularly when contention is used for grant-free resources. Thus, the feasibility of this option needs further investigation. 
Proposal 4: HARQ combining at gNB of grant-free repetition should be supported. 
Proposal 5: Further investigation focusing on resource allocation/configuration to convey necessary information HARQ combining seems necessary. 
[bookmark: _GoBack]It has been discussed whether grant-free repetition can be terminated earlier by an acknowledgement/indication of successful receiving of that TB. When K is small, benefits of early termination is not clear. Moreover, adopting additional ACK channel such as structure of PHICH in legacy would require considerable work. If PHICH type of new physical channel is used, it may lead inefficient resource utilization due to reserved resources for PHICH always regardless of the amount of ACKs/URLLC traffic. If DCI type of ACK channel is considered, details on grouping, mapping to different resources, etc. need to be clarified. For both approaches, there are considerable specification impacts e.g., mapping design between grant-free resource and ACK resource, handling of collisions, etc. Alternatively, it is considerable to reuse legacy UL grant structure for stopping grant-free repetition. For example, UE can regard UL grant without RA information or has special combination of information as HARQ-ACK indication.
Proposal 6: If early termination is considered, UE-specific UL grant based HARQ-ACK transmission can be considered.
Conclusion
In this contribution, we discuss on CBG-based transmission for DL/UL and grant-free UL transmission for URLLC UL. Our proposals are as follows:
Proposal 1: It is necessary to investigate how many transmission layers of DL transmission will be affected when the assigned DL resources have partially been pre-empted by another DL transmission.
Proposal 2: It is necessary to carefully investigate whether or not the time-and-frequency resources across multiple layers are associated with a certain set of CB or CBG considering pre-emption of another DL transmission. 
Proposal 3: Both grant-free and grant-based initial transmission for URLLC need to be supported. 
Proposal 4: HARQ combining at gNB of grant-free repetition should be supported. 
Proposal 5: Further investigation focusing on resource allocation/configuration to convey necessary information HARQ combining seems necessary. 
Proposal 6: If early termination is considered, UE-specific UL grant based HARQ-ACK transmission can be considered.
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