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Introduction
In RAN#78, the support of high reliability for URLLC is proposed and confirmed. To increase the reliability of control channel, discussion about adopting new formats or repetition is started at RAN1 #92 [1].
In this contribution, we give some considerations on the enhancing the reliability of PDCCH, mainly focusing on the repetition.
PDCCH repetition
There are two different approaches for the repetition [2].
(1) PDCCH combine - To archive the enhancement of power, system lets the receiver to know the relation of position of two (or more) repeated signals before the reception. (Option 1 repetition)
(2) No combine - The receiver does not know the relation of position among the repeated signals. (Option 2 repetition)
The gain by repetition is larger at Option 1 than Option 2 since there is no additional power gain in Option 2. Instead, additional processing is required for Option 1 while Option 2 does not need it. Only BS, that is, only PDCCH can use Option 2. Keeping the approach of Option 2, no additional specification is required to perform repetition by BS. In this case, the UE may success to decode two or more same control messages. Although UE will stop searching the control channel when it find the first message, the notification may be needed that repeated transmission may occur.
In this manner, the repetition of PDCCH can be performed without additional processing. It is obvious that the repetition of PDCCH without additional processing has no specification impact. It says that this kind of repetition depends only on the implementation issue of the BS, so the repetition of PDCCH without additional processing is not needed to be specified or precluded by specification. In this situation, the repetition may occur at same CORESET, across the different CORESET, or across the different BWP.
However, there is no doubt that the performance gain of Option 2 is significantly lower than Option 1. In addition to two independent decoding attempt, the decoding attempt of received signal with increased power also possible. So if the additional process is in the range of adoptable level, Option 1 can be preferred.
To make additional process indicating the relation of position as low as possible, several approaches can be considered. As an example, relation of positions can be determined only by specification if additional signaling at the link level need to be avoided. Some comb-like combination or sequential allocation can be one of the simplest solution. On the other hand, controlling by DCI or RRC is also considerable if flexible repetition pattern is required, like the repetition across multiple CORESET or multiple BWP. Following observation and consequential proposal says about this.
Observation 1: Option 1 repetition gives significantly higher reliability than Option 2.
Observation 2: Excluding multiple CORESET/BWP scenario, Option 1 repetition can be operated without additional signaling.
Proposal 1: Option 1 repetition (PDCCH-combine) is introduced.
Necessity of new DCI formats
The necessity of additional format of DCI is discussed to obtain the enhanced reliability obtained from the coding gain by decreased payload size of DCI. The main target for the bit reduction can be the resource association fields, especially for the frequency domain that is the longest information in DCI.
Since only the URLLC served UE may try blind detection of the new format, the BD complexity will not increase for the ordinary UEs. If the format operating is strictly managed, there can be no additional complexity for all the UEs. However, we still believe that the control messages do not have to be reduced. For the most fields in a DCI, bit reductions cause critical restriction on the controlling, with very few benefits on reliability. The only exception may be the frequency domain resource association with the case of RA type-0. As an example, multiplying of P by integer, practically 2’s power, will significantly decrease the length without violating compatibility with the ordinary allocation structure. However, it may be efficient only at the longest formats like 0_1 or 1_1. In general, the reliability crisis will occur mainly for the DCIs with short payload size so having low FEC waterfall gain.
Proposal 2: Additional DCI format must be studied including practical and efficient method for short DCIs.
	Alternation 2-1. Introducing the reduction of the frequency domain resource association field.
Summary
This contribution gives the following observations and proposals about the URLLC control channel.
Observation 1: Option 1 repetition gives significantly higher reliability than Option 2. 
Observation 2: Excluding multiple CORESET/BWP scenario, Option 1 repetition can be operated without additional signaling.
Proposal 1: Option 1 repetition (PDCCH-combine) is introduced.
Proposal 2: Additional DCI format must be studied including practical and efficient method for short DCIs.
	Alternation 2-1. Introducing the reduction of the frequency domain resource association field. 
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