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1 Introduction
It was agreed in the RAN1 Ad-hoc meeting that NR supports a group common PDCCH including at least slot-format related information [1]. The pre-emption indication were also discussed in the RAN1 #89 meeting and RAN1 has agreed as follows [2]:
	Agreements: (RAN1 Adhoc1)
· ‘Slot format related information’
· Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
· FFS: if ‘other’ can be subdivided into ‘blank’, ‘sidelink’, etc
· FFS: ‘Control resource set duration’
· FFS: Indicates the duration of the control resource set(s) 
· FFS: Can help the UE skip some of the semi-statically configured blind decodings. If not received, the UE performs all blind decodings.

Agreements: (RAN1 #89)
· In ‘Slot format related information’, ‘other’ is at least:
· ‘Unknown’
- UE shall not assume anything for the symbol with ‘Unknown’ by this information
- FFS: UE behavior when the UE receives the information for the symbol from SFI and broadcast DCI and/or UE-specific DCI and/or semi-static signaling/configuration
· FFS: ‘Empty’
- UEs can use this resource for interference measurement
- UE may assume there is no transmission

Agreements: (RAN1 #89)
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For pre-emption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been pre-empted.
· The pre-emption indication is transmitted using a PDCCH.
· The pre-emption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the pre-emption indication.


In this contribution, we discuss the potential contents of group common PDCCH.

2 Contents of Group Common PDCCH 
At the RAN1#89 meeting, there has been discussion whether or not the control resource set duration is included in the common PDCCH. In LTE, the PDCCH is transmitted in the first 1~3 symbols or 2~4 symbols and the PDCCH duration is transmitted via PCFICH, which is mapped on the first OFDM symbol and the fixed frequency position in every subframe. The UE decodes PCFICH first, determines a search space configuration and starts blind decoding on the configured search space. Further, the UE can also successfully decode the PDCCH without receiving PCFICH by decoding all PDCCH candidates on all possible search spaces. In this case, the UE tries to blindly decode PDCCH with different number of OFDM symbols, such as 1, 2 or 3 symbols, the blind decoding complexing and energy consumption would become double or triple. 
Hence, the main objective of PCFICH in LTE is to reduce the blind decoding and thus NR can obtain the same benefit from the group common PDCCH. Similarly as in LTE, a control resource set duration for NR could be dynamically varies slot-by-slot, depending on the UE. From the DoU analysis [2], lots of energy is consumed by blind decoding so that the NR should consider a mechanism to reduce power consumption for blind decoding. Clearly, it would be beneficial to reduce blind decoding that the control resource set duration is embedded in the group common PDCCH. 
· Proposal 1: The control resource set duration in the group common PDCCH can be helpful to reduce the blind decoding complexity. 
On the other hand, we need to consider whether or not the group common PDCCH informs the DL data starting symbol information. Contrary to the control resource set duration, the DL data could be scheduled on different PRBs, not overlapped PRBs with the control resource set. As shown in Figure 1 (left figure), even if UE-2 can start to receive PDSCH from the 2nd OFDM symbol, the group common PDCCH can inform the DL data starting point is the 3rd OFDM symbol due to UE-1. Instead, if the DL data starting point is indicated in the DL grant as shown in Figure 1(right figure), UE-2 can receive PDSCH transmitting from the 2nd OFDM symbol. Hence, it cannot be desirable to indicate the PDSCH starting symbol index in group common PDCCH. Since the DL data allocation is UE-specific, it would be better that the DL data starting symbol is informed in the DL grant.
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Figure 1. DL starting symbols index indication
· Proposal 2: The PDSCH starting symbol can be indicated in the DCI, not group common PDCCH.

  
For a pre-emption indication, it has been agreed in the RAN1 88bis meeting that no new physical channel specific for indication of DL resources being preempted by another DL transmission is introduced. And RAN1 agreed at the RAN1 #89 meeting that the pre-emption indication is transmitted via PDCCH. There are two possible PDCCH for transmitting the pre-emption indication.
· Alt 1. UE-specific PDCCH
In this case, the pre-emption indication is transmitted via UE-specific PDCCH scrambled by the UE-specific RNTI (e.g. C-RNTI in LTE). Then the UE may monitor a UE-specific search space and a common search space to find one UE-specific PDCCH for scheduling information and one different UE-specific PDCCH including pre-emption indication. The UE-specific PDCCH as container of pre-emption indication can be appropriate if only one or a few PDSCHs are preempted. Otherwise, too many UE-specific PDCCH would be necessary to be transmitted so that it may take up a large part of the DL control resources. In general, the URLLC transmission used by pre-emption of eMBB data occupies a large portion of PRBs due to high reliability constraint and time-limited nature. Thus, it is reasonable that the impacted UE is quite large so that UE-specific PDCCH is not preferred to transmit pre-emption indication on the perspective of the DL control resource utilization.
· Alt 2. Group common PDCCH
One of possible containers for the pre-emption indication can be a group common PDCCH. In this case, the pre-emption indication is transmitted via UE group specific PDCCH scrambled by the group common RNTI. Then the grouped UE(s) may monitor the group-common or common search space to find the group common PDCCH. As mentioned previously, it can be better that the pre-emption indication is intended for the multiple impacted UEs on the perspective of the DL control resource utilization. As shown in Figure 2, the group common PDCCH can transmit the information whether that the time-frequency resources in the previous slot is punctured or not. The pre-emption indication is scheduled in a CORESET when the impacted UE(s) monitors this CORESET. The granularity of pre-emption indication is still FFS. When the pre-emption indication is included in group common PDCCH, time granularity would be a OFDM symbol and frequency granularity would be a PRB or multiple PRBs. CB or CBG granularity is not desired. By receiving the group common PDCCH(s) corresponding to the PRB(s) allocated for PDSCH in the previous slot, the eMBB UE can know which resources are corrupted and then clear the corrupted soft-buffer for the impacted CB(s). To select the group common PDCCH as a container of the pre-emption indication would reduce the DCI overhead but needs additional monitoring to eMBB UEs.
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Figure 2. URLLC puncturing indication
The remaining issue is that when a UE is configured to monitor group common PDCCH carrying SFI and also group common PDCCH carrying pre-emption indication, how to transmit two type of information, SFI and pre-emption indication through group common PDCCH. One way is to put two type of information into one group common PDCCH. In this case, the number of UE’s blind decoding could be reduced, but the payload size of group common PDCCH can be quite large. Also, if a pre-emption event is rare and the SFI is frequently changed, this approach would waste the DL control resource by reserving the unnecessary field in the group common PDCCH. Another way is to transmit two type of group common PDCCHs separately. In this case, UE’s blind decoding can be problematic. 
· Proposal 3: NR should support that the pre-emption indication is transmitted in group common PDCCH
· FFS: Structure of group common PDCCH when a UE configured to monitor SFI and pre-emption indication

3 Conclusion
In this contribution, we discussed contents and structure for the group common PDCCH. Our views are summarized as follows:
· Proposal 1: The control resource set duration in the group common PDCCH can be helpful to reduce the blind decoding complexity.
· Proposal 2: The DL starting symbol can be indicated in the DCI, not group common PDCCH.
· Proposal 3: NR should support that the pre-emption indication is transmitted in group common PDCCH
· FFS: Structure of group common PDCCH when a UE configured to monitor SFI and pre-emption indication
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