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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 agreement has been made in previous RAN1 NR Ad hoc meeting:
Agreements: (RAN1 NR Ad-Hoc#1)
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported
· Defining a compact DCI format targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS Y, Y<1% 
· FFS highest aggregation levels, e.g., 16,32
· FFS other enhancements 


As the outcome from RAN plenary #78, the scope of URLLC related work in RAN1 and RAN2 was updated according to the agreed document [3]. One item related to control channel design is as following:
· Study and specify if gains are identified
· Define a new DCI format(s) that has a smaller DCI payload size than DCI format 0-0 and DCI format 1-0 unicast data
· For a given carrier, PDCCH repetitions over same or multiple PDCCH monitoring occasion(s) of the same or multiple CORESET and search space

In this contribution, we mainly discuss the reliability aspect related to control channels, to be more specific, PDCCH repetitions. In our companion contribution [4], compact DCI and related issues are discussed. 
2 [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Discussion
It is well known that the overall communication latency and reliability performance is affected by the performances of both control and data channels. When talking about URLLC requirements especially from reliability point of view, the stringent reliability requirements will result in impacts on the design of both control and data channels. As analyzed in [5] where it is assumed the possibility for one retransmission, only within certain reliability regions for control channel, the final reliability target for the data channel can be achieved. Here in this contribution, we will look more closely about how to increase the reliability of control channel.
As already discussed in RAN1, there are different potential ways to increase the reliability of PDCCH. Below is a list of example options:
· Compact DCI: with the reduced DCI payload, there is possibility to increase the PDCCH reliability level as discussed in [4].
· Using more time-frequency resource for PDCCH transmission: clearly with more resource allocated to PDCCH transmission, the reliability can be improved. Considering allocating more resource for PDCCH, depending on the considered scenarios, different potential solutions can be considered: for example, higher aggregation level: currently supporting AL=16 has been agreed already; PDCCH can be repeated in the same or different CORESET(s) and search spaces; PDCCH can also be repeated over multiple mini-slots/slots especially in case the latency requirements can be relaxed somewhat like in case with K repetitions for data transmission.
2.1 Time-domain PDCCH repetition over multiple TTIs
Blind repetition/HARQ-less retransmission via K repetition was already agreed for data packet transmission. In this case without time domain PDCCH repetition, if the UE missed a single multi-TTI DCI (i.e. DCI scheduling K-repetitions), it will miss the PDSCH transmission in all the scheduled TTIs for the data packet since the UE has no idea that the gNB has already started to send a data packet. 
In Figure 1 DL data transmission is taken as one example for the purpose of illustration. With one resource assignment message for multiple DL transmissions, in case that the UE missed the first PDSCH scheduling information, it will miss all the following data packet repetitions as well. 


Figure 1 Example of DL HARQ processing with multi-slot scheduling
One possible solution is to have the DL assignment message to schedule the resource for the current slot as shown below in Figure 2, the potential problem is the reliability as no enhancement on the PDCCH reliability. 


[bookmark: _Ref505980669]Figure 2 Example of individual scheduling for each blind repetition independently
In order to solve this problem, one straightforward way is to repeat the scheduling information as well as illustrated in Figure 3.


[bookmark: _Ref505981010]Figure 3 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 the (K-1)th repetition. The benefit with this method is the increased reliability of assignment message. In case UE misses one assignment message, the allocated resource could still be identified with the subsequent assignment message or the previous assignment message. The same operation principle can be of course applied also for scheduling K transmissions for PUSCH as well.
Proposal 1: NR should support the repetition of control information together with data at least in case with K repetitions.
To achieve this, a dynamic indication on the number of repetitions can be added in the DCI.
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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 proposal:
Proposal 1: NR should support the repetition of control information together with data at least in case with K repetition.
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