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Introduction
This contribution shows our view on the remaining details on group-common PDCCH.
Discussion
Target operation of group common PDCCH
In our view, group common PDCCH is allowed to be operated as either of the following. Which way of the operation is network configuration.
- Group common PDCCH is only sent for non-scheduled UE.
In this operation, group common PDCCH is used to control non-scheduled UE behaviour like SRS transmission, CSI measurement and so on. The requirement of the reliability of group common PDCCH is not low. In case of flexible TDD, UL/DL direction indication for scheduled PDSCH/PUSCH is indicated by time domain resource allocation in UE specific PDCCH.
- Group common PDCCH is sent to scheduled and non-scheduled UE.
In this operation, group common PDCCH is used also for scheduled UEs in addition to non-scheduled UE. In case of flexible TDD, the operation without time domain resource allocation in UE specific PDCCH is possible. Another usage is time domain resource allocation in UE specific PDCCH is used for UE specific adjustment of UL/DL direction indication. The purpose of this operation is to save DCI overhead of each UE specific DCI. If the simultaneous scheduled number of UEs in a slot is small, the merit of this operation is less. 
Proposal 1: Group common PDCCH can be used either non-scheduled UEs only or both scheduled and non-scheduled UEs.

Channel structure of group common PDCCH and CRC
Even if UE is configured to receive group common PDCCH, gNB is not always transmit group common PDCCH. Only when the network sees the need to transmit group common PDCCH, group common PDCCH is sent. This can avoid constant resource usage for group common PDCCH. Such operation of resource saving is important when group common PDCCH is only used for non-scheduled UEs. In order to allow this, group common PDCCH should have CRC. Without CRC, the judgement of the correct detection of group common PDCCH is difficult. When SFI is used to control PDSCH/PUSCH duration, rate matching parameter of PDSCH/PUSCH is influenced by group common PDCCH. In such operation, to protect group common PDCCH by CRC is important. By having CRC, to have group common PDCCH specific design is not worth to do as to send only SFI and CRC means larger CRC overhead. Therefore, we propose the normal PDCCH structure is re-used for group common PDCCH. This can also reduce the amount of the standardization work.
Proposal 2: Group common PDCCH has CRC protection.
Proposal 3: Group common PDCCH is same structure as the normal PDCCH.

Contents of group common PDCCH
As the content of group common PDCCH, only SFI has been agreed. In addition to SFI, we propose following should be allowed to be mapped on SFI.
1. Field to control dynamic rate matching of aperiodic CSI-RS 
This field is the discussion in agenda 6.1.1.7 of MIMO session. Whether to send this over UE specific PDCCH or group common PDCCH is RRC configuration. To reserve the resource for CSI-RS can be common among the group of UEs. In this case, to transmit this over group common PDCCH is more efficient as duplicated transmission is not required.
2. Dynamic indication for the reservation for PDCCH 
This field is the discussion in agenda 6.3.1.3. Whether to send this over UE specific PDCCH or group common PDCCH is RRC configuration. When used PDCCH resource is commonly reserved among UEs, to signal it over group common PDCCH is more efficient.
3. Dynamic indication for the reservation for short PUCCH and SRS 
This field can be the discussion in agenda 6.3.2.3. Whether to send this over UE specific PDCCH or group common PDCCH is RRC configuration. When used short PUCCH/SRS are commonly reserved among group of UEs, to signal it over group common PDCCH is more efficient.
4. Dynamic indication for the transmission of SRS 
This field is the discussion in agenda 6.2.3.5. To use an UE specific PDCCH for the purpose to trigger SRS transmission only is not efficient. To transmit this signal over group common PDCCH can save this overhead. Whether to send this over UE specific PDCCH or group common PDCCH is RRC configuration.
5. Power control command similar to DCI 3/3A in LTE 
This field can be the discussion in agenda 6.6.1. Certain bit field in the group common PDCCH is TPC command for the certain UE. This behaviour is same as LTE DCI format 3/3A.
In case of above 1, 2, 3 usage, rate matching parameter of PDSCH/PUSCH are affected by this group common PDCCH. Therefore, some may worry the error case of group common PDCCH reception. On the other hand, the agreed function of SFI in the group common PDCCH also influences the number of DL symbol and UL symbol. As far as rate matching is adjusted based on the available DL or UL symbols, group common PDCCH needs to be correctly received. In such operation, to carry above 1, 2 and 3 over group common PDCCH in addition does not make the difference.
Proposal 4: Group common PDCCH can contain 1. Field to control dynamic rate matching of aperiodic CSI-RS, 2. reservation of PDCCH, 3. reservation for short PUCCH/SRS, 4. transmission of SRS, and 5. power control command.

SFI configuration and transmitted value 
As also proposed in [1] [2], a set of slot format pattern is configured by cell specific/UE specific RRC. Then the index to one of the slot format pattern is signalled in a group common PDCCH. By such operation, following has the merit.
- Even if multiple types of the patterns are configured, bit field size in group common PDCCH can be minimized. The index space is not consumed by the pattern not planning to be used in this cell.
- The same SFI index value can be interpreted differently among different UEs. This is especially important when different release of UEs are received by the same group common PDCCH.
Therefore, we propose following.
Proposal 5: For the SFI, a set of slot format pattern is configured by cell specific/UE specific RRC.
Proposal 6: The index to one of the slot format pattern is signalled in a group common PDCCH.

Pattern configuration for SFI 
In the RRC configuration of the pattern, what pattern is supported as the combination of DL, UL and unknown/flexible needs the discussion. As proposed in [2], our view is for each slot, following is applied.
- Slot consists of K1 number of DL, K2 number of Unknown/flexible, K3 number of UL symbols
- The order is DL-Unknown-UL
- 0 <= K1, K2, K3 <= 14
- K1+K2+K3 = 14
As the pattern support multiple slots indication, one pattern can contain multiple slots of above. The number of slots can be different for different configured patterns. If RAN1 concludes the same configured pattern length, the future slots can be filled by Unknown/flexible if the value is not decided.
Proposal 7: The pattern configuration for SFI in a slot is consisted from DL-Unknown/flexible-UL of symbols in a slot.
Proposal 8: The number of slots can be different for different configured patterns.

Applicability to BWP operation 
As also proposed in [2], the indicated SFI is applicable for all BWP configured for a UE in the NR carrier. This is equivalent to, for a UE perspective, there is no situation that the single UE support both simultaneous reception and reception in the same carrier. Note that from network perspective, this still allows different SFI can be used over a NR carrier.
Proposal 9: The indicated SFI is applicable for all BWP configured for a UE in the NR carrier.

Realization of switching time between DL and UL 
The unknown/flexible symbol before UL can be used as switching time between DL and UL for UE. The network ensures this behaviour when UL happens. Therefore, there is no need to have explicit switching symbol between DL and UL.
Proposal 10: SFI indication needs to include one or more Unknown/flexible symbols before the first UL symbols for switching time between DL and UL. This switching symbol before UL is not limited in a slot.

Power saving in connected mode
When the network does not intend to send any PDCCH, SFI should indicate the symbols for PDCCH as Unknown/Flexible or UL over a few upcoming slots. Then UE is not required to receive PDCCHs in these a few upcoming slots. This can reduce unnecessary PDCCH reception and power saving can be obtained. It means PDCCH reception is required only DL symbols indicated by SFI.
Proposal 11: In order to reduce PDCCH power consumption, PDCCH reception is required only DL symbols indicated by SFI.

Semi-static configuration of DL/UL direction
It was agreed to have semi-static DL/UL direction. We propose semi-static configuration of DL/UL direction can contain Unknown/flexible symbol. SFI in the group common PDCCH or time domain resource indication in UE specific PDCCH can overwrite DL/UL direction only in Unknown/flexible symbol. Then the network always inform consistent information among semi-static configuration, SFI in the group common PDCCH and time domain resource indication in UE specific PDCCH. In spite of this, the network may indicates Unknown/Flexible for semi-statically configured DL symbols for the power saving of PDCCH reception.
Proposal 12: Semi-static configuration of DL/UL direction can contain Unknown/flexible symbol. This Unknown/flexible symbol can be overwritten by DL or UL by SFI in the group common PDCCH or time domain resource indication in UE specific PDCCH.
Proposal 13: DL symbol in semi-static configuration can be overwritten by Unknown/flexible value in SFI in the group common PDCCH or time domain resource indication in UE specific PDCCH. This can be used to control PDCCH reception.


Conclusion
We propose following.
Proposal 1: Group common PDCCH can be used either non-scheduled UEs only or both scheduled and non-scheduled UEs.
Proposal 2: Group common PDCCH has CRC protection.
Proposal 3: Group common PDCCH is same structure as the normal PDCCH.
Proposal 4: Group common PDCCH can contain 1. Field to control dynamic rate matching of aperiodic CSI-RS, 2. reservation of PDCCH, 3. reservation for short PUCCH/SRS, 4. transmission of SRS, and 5. power control command.
Proposal 5: For the SFI, a set of slot format pattern is configured by cell specific/UE specific RRC.
Proposal 6: The index to one of the slot format pattern is signalled in a group common PDCCH.
Proposal 7: The pattern configuration for SFI in a slot is consisted from DL-Unknown/flexible-UL of symbols in a slot.
Proposal 8: The number of slots can be different for different configured patterns.
Proposal 9: The indicated SFI is applicable for all BWP configured for a UE in the NR carrier.
Proposal 10: SFI indication needs to include one or more Unknown/flexible symbols before the first UL symbols for switching time between DL and UL. This switching symbol before UL is not limited in a slot.
Proposal 11: In order to reduce PDCCH power consumption, PDCCH reception is required only DL symbols indicated by SFI.
Proposal 12: Semi-static configuration of DL/UL direction can contain Unknown/flexible symbol. This Unknown/flexible symbol can be overwritten by DL or UL by SFI in the group common PDCCH or time domain resource indication in UE specific PDCCH.
Proposal 13: DL symbol in semi-static configuration can be overwritten by Unknown/flexible value in SFI in the group common PDCCH or time domain resource indication in UE specific PDCCH. This can be used to control PDCCH reception.
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