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1 Introduction
The objective of the approved RAN NR WI [1] is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [2]. According to TR38.913 [2] the required U-Plane latency in both UL and DL is 0.5 ms without strict reliability requirement. Regarding to the simultaneous latency and reliability requirements, it is specified as reliability of “10-5 within 1ms and targeted user experience data rate 32 bytes.” 

The following agreements have been made in previous RAN1 meetings:
Agreements: (RAN1 NR Ad-Hoc#1)
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions


Agreements: (RAN1 #88)
· 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: (RAN1 #89)
· All Rel. 15 UE supports minimum value of K0 equal to 0, i.e., DL assignment and the scheduled DL data are in the same slot. 

In our companion contribution [3], multi-slot scheduling based HARQ operation is discussed. It is more about how to achieve low latency and high reliability simultaneously for data packet. In this contribution, we mainly discuss the reliability aspect related to control channels, to be more specific, scheduling information. In another contribution, we discuss about how to improve CSI report for the case of URLLC [4].
2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Reliable scheduling information transmission
With cellular systems from 2G to 5G for example, there are different channels defined for carrying data and control packtes. The overall communication performance is affected by the performances of all the channels. As a result, when talking about URLLC requirements especially from reliability point of view, the stringent reliability requirements will bring impacts on the design of both control and data channels. As analyzed in [5], only within certain reliability regions for control channel, the final reliability target for data can be achieved. In our companion paper [3], we discussed about how to improve the latency and reliability performance with the help of multi-slot scheduling and HARQ operation. Here in this contribution, we will look more closely about how to increase the reliability of control channel, in particular, the scheduling information.
Taking DL in Figure 1as example, if the UE missed the first PDSCH scheduling information, it will miss all the following data packet as well since the UE has no idea that gNB already starts to send data packets. 
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[bookmark: _Ref489622655]Figure 1 Example of DL HARQ processing with multi-slot scheduling
In order to solve this problem, one straightforward way is to repeat the scheduling information as well as illustrated in Figure 2. 
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[bookmark: _Ref485154470]Figure 2 Reliable transmission of DL assignment information
Taking the example shown in the figure above, assuming it is allowed to have maximal K transmissions (K-1 repetitions on top of the 1st transmission) and no ACK received during this period, the first assignment message includes the resource allocation information for all the K transmissions. In the second slot, the resource assignment information is updated with (K-1) transmissions only, i.e. from the 2nd to Kth transmissions. Following the same principle, the last scheduling message including the resource information for the last transmission only, i.e. the Kth transmission or (K-1)th repetition. The benefit with this method is the increased reliability of assignment message. In case UE is missing one assignment message, the allocated resource could be identified with the subsequent assignment message or the previous assignment message as well.
Proposal 1: NR shall support reliable control channel transmission as well at least for URLLC services. In case that repetitions are used for data transmission, one simple way to increase the reliability of control channel is the repetition of control together with data.
Regarding to the content of the scheduling information, it depends on at least how the resource for K transmissions are selected and repetition type and so for on. The simplest case could be that exactly the same resource in different slots are allocated for the same TB transmission. In this case the DCI content about resource can be same. 
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[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this document, after discussing the application of dynamic scheduling to URLLC, we have the following observation and proposals:
Proposal 1: NR shall support reliable control channel transmission as well at least for URLLC services. In case that repetitions are used for data transmission, one simple way to increase the reliability of control channel is the repetition of control together with data.
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