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Introduction
This contribution shows our view on the remaining details on group-common PDCCH. This is update from R1-1718284.

Discussion
Relation between semi-static DL/UL assignment and dynamic SFI
In some versions of NR Adhoc#3 way forward on SFI, it was noted that following operation modes are supported is implied from previous agreements. We agree such understanding and our thinking of usage scenarios is also described.
Mode 1:	Semi-static DL/UL assignment without dynamic SFI
Macro deployment below sub 6GHz. Dynamic TDD is not operated.
Mode 2: Dynamic SFI without semi-static DL/UL assignment
Small cell deployment below or above 6GHz. Dynamic TDD is operated without any semi-static DL/UL slot/subframe configuration. Relatively isolated cell deployment.
Mode 3: Semi-static DL/UL assignment with dynamic SFI 
Small cell deployment below or above 6GHz. Dynamic TDD is operated with relatively non-isolated cell deployment. By setting some slots/subframes are semi-statically configured as DL or UL, these slots/subframes can be used as stable interference slots/subframe. These slots/subframes can be used as control or lower BLER target data transmission.
Mode 4: No semi-static DL/UL assignment and no dynamic SFI
Small cell deployment especially above 6GHz. Dynamic TDD is operated without any semi-static DL/UL slot/subframe configuration. Relatively isolated cell deployment. By using aggressive analogue beam forming, group common PDCCH is not so practical or inefficient. 
From dynamic TDD perspective, aggressiveness of the operation order is Mode 1 < Mode 3 < Mode 2 < Mode 4. The same order is applied to the amount of interference variation to neighbour cells. Therefore, the order is applied to high frequency reuse to more isolated cell deployment including indoor.
When SFI is used to power saving of the monitoring PDCCH, dynamic control of CSI/SRS, and/or forward compatibility purpose, the usage of SFI is not limited to TDD but also applicable to FDD. In such case mode 2 or 3 can be used for FDD.
When semi-static DL/UL assignment is not configured, our view is all symbols are interpreted as "Unknown/flexible".  This can reduce the configuration combination.
Proposal 1: When semi-static DL/UL assignment is not configured, UE interprets that all symbols are semi-static "Unknown/flexible".

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 choice.
- 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 high. 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 2: 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 required to 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.
In NR Adhoc, it was argued that to support RM without CRC in addition has the merit to operate narrow band NR operation like 5 MHz where the resource for group common PDCCH is shortage. On the other hand, such narrow band operation is smaller number of UEs are assigned in a slot and the gain from "group" is less. Therefore, the operation without SFI discussed above i.e. "Mode 1:Semi-static DL/UL assignment without dynamic SFI" or " Mode 4: No semi-static DL/UL assignment and no dynamic SFI" would be more reasonable in our view.
Proposal 3: Group common PDCCH has CRC protection.
Proposal 4: 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 means RE level resource reservation field. 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 means L1 signalling of PRB level resource reservation using bitmap-1, 2 and 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 could be L1 signalling of PRB level resource reservation using bitmap-1, 2 and 3 or time domain resource configuration. The need of such signalling to allow the dynamic usage of PUCCH and SRS. 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 MIMO session. 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 power control session. 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.
6. HARQ ACK/NACK for grant-free transmission 
This field has been the discussion in grant-free. Certain bit field in the group common PDCCH express HARQ-ACK/NACK using similar to DCI 3/3A in LTE. 

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. In addition, BLER of UE specific DCI and group common DCI have the correlations and usually group common DCI is operated as lower coding rate in order to reach cell edge. Therefore, we don't expect situation that group common DCI is failed but UE specific DCI is correctly received are frequent. Another reason is group common PDCCH is more reliable than PCFICH because of the lower coding rate and CRC. As PCFICH is used for the rate matching of PDSCH, to use group common PDCCH for rate matching purpose should be no problem. 
Proposal 5: 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, 5. power control command and 6. HARQ ACK/NACK for grant-free.

Pattern configuration for SFI 
In the last RAN1 meeting, to use single slot table up to two D/U switching points per slot was agreed.
For [256] entries, we propose following.
- all zero switching point in a slot (3 cases)
- all one DL/Unknown/UL switching point in a slot (104 cases)
It includes 0 DL symbol but variation of Unknown/UL symbol ratio and includes 0 UL symbol but variation of DL/Unknown symbol ratio.
- Some two switching point in a slot (around 10 cases)
It includes some two switching points in a slot of the former 7 symbol and the latter 7 symbol contains one switching point respectively. We expect around the order of 10 cases could be covered.
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 6: The pattern configuration for SFI in a slot contains 1) all zero (3 cases), 2) one D/U switching point (104 cases) and 3) some around 10 two switching points case.
Proposal 7: The number of slots can be different for different configured patterns.

L1 index size for SFI for a CC
Our view is 3 bits for a CC would be reasonable number. So 8 entries are configured from [256] entries of RAN1 configured table. This is common regardless of single slot or multiple slot case.
Proposal 8: L1 index size for SFI for a CC is 3 bits. This is common regardless of single slot or multiple slot case.

Applicability to BWP operation 
We propose 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 transmission 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: UE can assume SFI indication 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.

UE behaviour when a configured GC-PDCCH is not detected (erasure) 
This case can happen when gNB intentionally does not to send GC-PDCCH or when gNB sends GC-PDCCH but UE failed to receive GC-PDCCH. Both are possibility. From UE side, it is not possible to distinguish two cases. Therefore, our proposal is not to transmit anything in semi-static unknown. On the other hand, to receive PDCCH and DL measurement should proceed in order not to be stuck the behaviour. For the symbol of UL or DL respectively by semi-static or UE specific DCI, it should follow these indication. Therefore, we propose following. 
Proposal 11: The behaviour when UE missed GC-PDCCH (regardless of network intentional no transmission or UE just failed detection),
- semi-static DL symbols in semi-static UL/DL assignment or UE-specific DCI:  DL behaviour
- semi-static UL symbols in semi-static UL/DL assignment or UE-specific DCI:  UL behaviour
- semi-static unknown or symbols not known:  PDCCH monitoring, DL measurement but no UL measurement (= no UL transmission)

PDCCH monitoring 
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 UE power saving is possible. On the other hand, when the network intends to prevent PDSCH or PUSCH transmission for group of UEs but only to allow mini-slot transmission, if UE does not receive PDCCH for mini-slot, mini-slot scheduling timing cannot be close or same as to data transmission. Another situation is when GC-PDCCH is not configured and/or semi-static DL/UL assignment, UE should monitor PDCCH even if the symbol is unknown in order to allow the scheduling. To combine the previous proposal of GC-PDCCH non detection case, we propose following.
Proposal 12: In DL symbols, UE monitor PDCCH. In UL symbols, UE does not monitor PDCCH. In Unknown/flexible symbols, if its indication of Unknown/flexible is from GC-PDCCH, UE does not monitor PDCCH. Otherwise, UE monitor PDCCH in Unknown/flexible symbols. 
For multi-symbol CORESET, our view is always to have the same direction by the network operation is possible. Therefore, UE is not required to support/prepare the case that different transmission direction (DL/UL/Unknown/Flexible/Reserved)
Proposal 13: UE can always assume the same type among DL/UL/Unknown/Flexible/Reserved for all symbols in multi symbol CORSET.

GC-PDCCH indication after UE specific DCI 
There is a proposal that SFI from GC-PDCCH indicated after UE specific DCI overwrites the value from UE specific DCI. Such operation allows to reflect gNB latest intention of the transmission direction by URLLC for multi-slot scheduling case. In our view, rate matching parameter and corresponding TBS should be determined at UE specific DCI timing reception. We have concern to modify it from UE processing time perspective. 
The case we see the merit to overwrite UE specific DCI is to modify PUCCH length as PUCCH is late/future slot transmission compared with PDCCH for PDSCH except self-contained scheduling case. In such case, PUCCH length indication can have the entry that PUCCH region length follows available UL symbol obtained from semi-static configuration or GC-PDCCH. Then it can follow GC-PDCCH indicated value. We don't see the generic case to overwrite UE specific DCI. 
Proposal 14: Rate matching parameter and corresponding TBS should be determined at the time to receive UE specific DCI. The latter reception of control should not influence rate matching parameter and TBS.
Proposal 15: Not to support to overwrite UE specific DCI based on the late received dynamic SFI as generic case. For PUCCH duration, to have the entry to follow UL region size determined by semi-static or GC-PDCCH is supported. This is specific case to support overwrite UE specific DCI based on the late received SFI. 

Measurement and the other behaviour
Related to the measurement, our view is following.
Aperiodic CSI-RS measurement, reporting and aperiodic SRS 
The transmission behaviour is to follow UE specific DCI as it is a kind of PUSCH transmission. For aperiodic SRS, to follow UE specific DCI. For aperiodic CSI measurement, it needs to wait reference resource discussion. If aperiodic CSI measurement is just to report UE available latest measurement, no need to interpret as UE specific DCI.
SSB and CSI-RS for mobility
SSB and CSI-RS for mobility can be the measurement of non-serving cell and it should be allowed to be measured before to receive RMSI. Therefore, the behaviour does not follow GC-PDCCH nor semi-static DL/UL assignment. Or the network always respect this transmission and UE is not expected to have conflict on link direction.
TRS
In order to keep tracking continuously, our view is TRS does not follow GC-PDCCH nor semi-static DL/UL assignment. Or the network always respect these transmission and UE is not expected to have conflict on link direction.
SPS transmission/reception, GF-transmission, SPS CSI-RS measurement/reporting, SPS SRS transmission
The behaviour is same as measurement. i.e. if link direction is intended (i.e. DL or UL) by semi-static or UE specific, these are carried out. If GC-PDCCH indicates Unknown/Flexible, the behaviour is cancelled. 

Proposal 16: For aperiodic CSI reporting, to follow UE specific DCI. For aperiodic SRS, to follow UE specific DCI. For aperiodic CSI measurement, it needs to wait reference resource discussion. If aperiodic CSI measurement is just to report UE available latest measurement, no need to interpret as UE specific DCI. 
Proposal 17: For SS/CSI-RS for mobility and TRS, these symbols are always DL regardless of the value of GC-PDCCH, UE specific DCI or semi-static assignment. Or the network always respect these transmission and UE is not expected to have conflict on link direction.
[bookmark: _GoBack]Proposal 18: For SPS transmission/reception, GF-transmission, SPS CSI-RS measurement/reporting, SPS SRS transmission, same as measurement behaviour.

Conclusion
We propose following.
Proposal 1: When semi-static DL/UL assignment is not configured, UE interprets that all symbols are semi-static "Unknown/flexible".
Proposal 2: Group common PDCCH can be used either non-scheduled UEs only or both scheduled and non-scheduled UEs.
Proposal 3: Group common PDCCH has CRC protection.
Proposal 4: Group common PDCCH is same structure as the normal PDCCH.
Proposal 5: 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, 5. power control command and 6. HARQ ACK/NACK for grant-free.
Proposal 6: The pattern configuration for SFI in a slot contains 1) all zero (3 cases), 2) one D/U switching point (104 cases) and 3) some around 10 two switching points case.
Proposal 7: The number of slots can be different for different configured patterns.
Proposal 8: L1 index size for SFI for a CC is 3 bits. This is common regardless of single slot or multiple slot case.
Proposal 9: The indicated SFI is applicable for all BWP configured for a UE in the NR carrier.
Proposal 10: UE can assume SFI indication 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: The behaviour when UE missed GC-PDCCH (regardless of network intentional no transmission or UE just failed detection),
- semi-static DL symbols in semi-static UL/DL assignment or UE-specific DCI:  DL behaviour
- semi-static UL symbols in semi-static UL/DL assignment or UE-specific DCI:  UL behaviour
- semi-static unknown or symbols not known:  PDCCH monitoring, DL measurement but no UL measurement (= no UL transmission)
Proposal 12: In DL symbols, UE monitor PDCCH. In UL symbols, UE does not monitor PDCCH. In Unknown/flexible symbols, if its indication of Unknown/flexible is from GC-PDCCH, UE does not monitor PDCCH. Otherwise, UE monitor PDCCH in Unknown/flexible symbols. 
Proposal 13: UE can always assume the same type among DL/UL/Unknown/Flexible/Reserved for all symbols in multi symbol CORSET.
Proposal 14: Rate matching parameter and corresponding TBS should be determined at the time to receive UE specific DCI. The latter reception of control should not influence rate matching parameter and TBS.
Proposal 15: Not to support to overwrite UE specific DCI based on the late received dynamic SFI as generic case. For PUCCH duration, to have the entry to follow UL region size determined by semi-static or GC-PDCCH is supported. This is specific case to support overwrite UE specific DCI based on the late received SFI. 
Proposal 16: For aperiodic CSI reporting, to follow UE specific DCI. For aperiodic SRS, to follow UE specific DCI. For aperiodic CSI measurement, it needs to wait reference resource discussion. If aperiodic CSI measurement is just to report UE available latest measurement, no need to interpret as UE specific DCI. 
Proposal 17: For SS/CSI-RS for mobility and TRS, these symbols are always DL regardless of the value of GC-PDCCH, UE specific DCI or semi-static assignment. Or the network always respect these transmission and UE is not expected to have conflict on link direction.
Proposal 18: For SPS transmission/reception, GF-transmission, SPS CSI-RS measurement/reporting, SPS SRS transmission, same as measurement behaviour.
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