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Introduction
Following the instruction done in RAN #78, the necessity of PDCCH repetition is being discussed since RAN1 #92 meeting. A summary on RAN1 #92 meeting related discussion is given in [1].
[bookmark: _Ref228947482]Discussion 
It is noted that in most relevant tdocs where PDCCH repetition is evaluated/discussed for URLLC transmission, and in the summary on PDCCH repetition given by the feature coordinator, the scheme behind the terminology of ‘PDCCH repetition’ is usually considered as a pure repetition scheme without any other features, i.e., where only PDCCH is repeated in the time/frequency domain (see Fig.1 in the Appendix). In addition, when the necessity of PDCCH repetition is discussed, the reliability of PDCCH is utilized as the metric.

Observation 1: In most relevant tdocs where the PDCCH repetition is evaluated/discussed for URLLC transmission, and in the summary given by the coordinator of ‘PDCCH repetition’ discussion, the following are assumed: 
· The pure PDCCH repetition scheme without any of other features, i.e., where only PDCCH is repeated in time/frequency domain, is considered.
· The reliability of PDCCH is utilized as a metric to assess the necessity of PDCCH repetition.

In RAN1, the use of repetition is not a new feature and has already been widely/well supported in IoT systems, e.g., in NB-IoT and eMTC systems, to meet the requirement of 15dB/20dB coverage enhancement (kind of reliability enhancement). This requirement is raised by operators intending to provide good service to IoT terminals deployed in basement. In IoT systems, physical channels can be unhurriedly repeated, e.g., if the repetition is necessary the PDSCH repetition would not start until the repetition of its scheduling PDCCH finishes. This is because no strict latency threshold is considered when repetition was designed for NB-IoT/eMTC systems.
In URLLC cases, things get more complicated. Besides the reliability, the latency is another challenge. Within a low roundtrip latency, an ultra-high reliability needs to be achieved. A general overall URLLC reliability requirement for one transmission of a 32-byte packet is (1-10-5) within a round-trip user plane latency of 1ms [2]. Hence, if repetition mechanism is introduced for URLLC transmission, latency could be considered as another metric, as well as the overall reliability.
Besides, compared with NB-IoT/eMTC terminals, the NR URLLC terminals are somehow high-end terminals and are likely to have more processing power and flexibility. Therefore overall transmission schemes using PDCCH repetition are worth being further studied from the point of view of achieving the requirement of URLLC, but in an efficient way. As example, some possible transmission schemes with PDCCH repetition other than the pure PDCCH repetition scheme are listed in the Appendix as well. These schemes are mentioned in online/offline discussions.
The arrival rate of URLLC packets could be another key factor from the point of view to meet the rigorous URLLC requirement, although it is not mentioned in the URLLC-related description of TR 38.913 [2] and NR WID [3]. For example, in downlink, if the probability that more than one URLLC packet arrives at the L2/L3 buffer of a gNB within any time interval of 1ms duration is less than 10-5, the rigorous URLLC requirement may be easily achieved by only considering a single packet at a time. In this case, somehow, almost every 32-byte URLLC packet can get up to 1ms time-frequency resource for its transmission because URLLC packets usually have the highest priority. Unless the system bandwidth is too small, such a sufficient resource can guarantee that the reliability of URLLC packets is larger than 99.999% even if no additional enhancement method is utilized. On the contrary, if the arrival rate is extremely high, e.g. 100 URLLC packets per ms, making all those URLLC packets achieve 99.999% reliability within 1-ms roundtrip latency may not be feasible unless enough resources are available. Hence, a high-efficiency transmission scheme would be desirable to support URLLC services.

Observation 2: Apart from the reliability, other assessment metrics could be considered for the necessity of “PDCCH repetition” in URLLC transmission, such as
· Latency
· Resource usage efficiency
Observation 3: Apart from the pure PDCCH repetition scheme, overall transmission schemes using PDCCH repetition are worth being further studied as well to achieve the URLLC requirement in an efficient way and/or to support URLLC services with higher packet arrival rates.

From above discussion, it is clear that there could be different possible URLLC transmission schemes using PDCCH repetition. Hence, whenever a conclusion on URLLC-related PDCCH repetition is made, it should be clarified that this conclusion is made for all ‘PDCCH repetition’ schemes or for a certain ‘PDCCH repetition’ scheme. If it is the latter case, details of the particular PDCCH repetition scheme should be attached to the conclusion to make sure the clarity.

Proposal: When a conclusion on URLLC-related PDCCH repetition is made in RAN1, 
· It should be clarified the conclusion is for all ‘PDCCH repetition’ schemes or for a certain ‘PDCCH repetition’ scheme.
· If the conclusion is reached for a particular scheme, the details of the scheme should be given to guarantee the clarity of this conclusion.

Conclusions
In this tdoc, the following observations are summarized:
Observation 1: In most relevant tdocs where the PDCCH repetition is evaluated/discussed for URLLC transmission, and in the summary given by the coordinator of ‘PDCCH repetition’ discussion, the following are assumed: 
· The pure PDCCH repetition scheme without any of other features, i.e., where only PDCCH is repeated in time/frequency domain, is considered.
· The reliability of PDCCH is utilized as a metric to assess the necessity of PDCCH repetition.
Observation 2: Apart from the reliability, other assessment metrics could be considered for the necessity of “PDCCH repetition” in URLLC transmission, such as
· Latency
· Resource usage efficiency
Observation 3: Apart from the pure PDCCH repetition scheme, overall transmission schemes using PDCCH repetition are worth being further studied as well to achieve the URLLC requirement in an efficient way and/or to support URLLC services with higher packet arrival rates.

Based on the above observations, we propose:
Proposal: When a conclusion on URLLC-related PDCCH repetition is made in RAN1, 
· It should be clarified the conclusion is for all ‘PDCCH repetition’ schemes or for a certain ‘PDCCH repetition’ scheme.
· If the conclusion is reached for a particular scheme, the details of the scheme should be given to guarantee the clarity of this conclusion.
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Appendix: Some examples of transmission schemes using PDCCH repetition
1) Pure PDCCH repetition scheme
As shown in Fig.1, the different PDCCH repetitions in time/frequency domain point to the same scheduled PDSCH. The scheduled PDSCH could be a single transmission or be a repetition-based transmission. 


Fig. 1 Pure PDCCH repetition scheme

2) Overlapped PDCCH and PDSCH repetitions with multiple-repetition scheduling
In schemes with overlapped PDCCH and PDSCH repetitions, PDSCH repletion would start before PDCCH repetition finishes.
This kind of scheme can combine with multiple-repetition scheduling, as shown in Fig.2. The first PDCCH indicates K PDSCH repetitions. The 2nd PDCCH schedules the 2nd to the Kth PDSCH repetitions. The rest can be done in the same manner. The last PDCCH, i.e., the Kth PDCCH only indicates the last PDSCH repetition. 


Fig. 2 Overlapped PDCCH and PDSCH repetitions with multiple-repetition scheduling

3) Overlapped PDCCH and PDSCH repetitions with early termination
As shown in Fig.3, PDCCH/PDSCH repetitions are separated into multiple groups. After the transmission of one group finishes, the next group would be held in the gNB’s buffer until the NACK signal of this group is successfully decoded by the gNB.


[bookmark: _GoBack]Fig.3 Overlapped PDCCH and PDSCH repetitions with early termination
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