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1	Introduction
For the DL control design in NR, the following has been agreed regarding common PDCCH:
Agreements: (RAN1-NR-AH#1, Jan 2017)
· NR supports a ‘group common PDCCH’ carrying information of e.g. the slot structure. 
· If the UE does not receive the ‘group common PDCCH’ the UE should be able to receive at least PDCCH in a slot, at least if the gNB did not transmit the ‘group common PDCCH’.
· The network will inform through RRC signalling the UE whether to decode the ‘group common PDCCH’ or not
· Common does not necessarily imply common per cell.
· Continue the discussion on the detailed content of the ‘group common PDCCH’ including usage for TDD and FDD
· The term ‘group common PDCCH’ refers to a channel (either a PDCCH or a separately designed channel) that carries information intended for the group of UEs.
Agreements: (RAN1-NR-AH#1, Jan 2017)
· The UE will have the possibility to determine whether some blind decodings can be skipped based on information on a ‘group common PDCCH’ (if present).
· FFS: if the data starting position is signaled on the group common PDCCH, the UE may exploit this information to skip some blind decodings
· FFS: if the end of the control resource set is signaled on the ‘group common PDCCH’, the UE may exploit this information to skip some blind decodings
· FFS: how to handle the case when there is no ‘group common PDCCH’ in a slot
· When monitoring for a PDCCH, the UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not
Agreements: (RAN1-NR-AH#1, Jan 2017)
· ‘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)
· The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots
· The slot format related information informs the UEs of the number of slots and the slot format(s) related information of those slots
· FFS: how to interpret the SFI when the UE is configured with multiple bandwidth parts
· FFS: details for UE behaviour
· FFS: A UE may be configured to monitor for at most one group-common PDCCH carrying slot format related information (SFI) in a slot
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-NR-AH#2, June 2017)
· In ‘Slot format related information’, ‘Empty’ is not indicated explicitly.
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources can be for ‘gap for DL-UL switching’ and/or ‘gap’
· Note: RAN1 specification ensures that UE(s) is/are aware of which resources are for ‘CSI/interference measurement’.
Agreements: (RAN1-NR-AH#2, June 2017)
· UE is configured with a CORESET to monitor group-common PDCCH.
· When configured, the group-common PDCCH follows the same CORESET configuration (e.g., REG-to-CCE mapping) of the CORESET.
· A group-common PDCCH is formed by an integer number of CCEs.
· The CORESET for the monitored group-common PDCCH carrying SFI can be the same or different from the CORESET for the monitored PDCCH for other types of control signalling.
Agreements: (RAN1-NR-AH#2, June 2017)
· Prioritize discussion of SFI functionality of a group-common PDCCH.
· Further work will be on group-common PDCCH carrying the SFI at least in August meeting.

Working assumption:
·  ‘Unknown’ resource is ‘flexible’ and can be overridden by at least by DCI indication; ‘Unknown’ is used to achieve the (FFS: exactly/approximately) the same as ‘Reserved’ if not overridden.
· ‘Unknown’ is signalled at least by SFI in a group-common PDCCH
· FFS: Possibility of overridden by some types of RRC (e.g., measurement configuration)
· ‘Reserved’ resource is ‘not transmit’ and ‘not receive’ but cannot be overridden by DCI/SFI indication.
· ‘Reserved’ is signalled at least by RRC
· FFS: handling of ‘gap’
· For semi-static DL/UL transmission direction, ‘Unknown’ can be informed as part of the semi-static configuration.

In this contribution, we discuss the remaining aspects of group common PDCCH, particularly slot format design, group-common structure and UE behavior. 
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Based on previous agreements, a UE can be higher-layer configured with TDD UL/DL configuration and can be also configured with semi-static “reserved resouce”. Secondly, a UE can be dynamically informed about slot-format for current and future slots by means of group-common DCI. Thirdly, a UE can be configured with periodic transmissions and measurements and at the same time monitors for DL scheduling assignments and UL grants. In this section we will propose a UE behavior given the above mix of signalling. 
Reserved resource
When a UE is configured with reserved resource, the UE shall not transmit, receive or measure anything on reserved resource, i.e. confirm working assumption from RAN1#90, and RAN1 should consider to include “reserved resource” as one type of resource indicated in group-common DCI as part of SFI framework. 
Proposal-1: RAN1 to consider reserved resource to be included as one state of SFI. UE shall not transmit, receive or measure anything in a reserved symbol.
Unknow resource 
In case the resource is unknown, a UE should not transmit and receive unless told by DL scheduling assignment, UL grant or aperiodic trigger. These dedicated DCIs changing the “unknown” resource to known, i.e. DL or UL:
· For dynamically triggered transmission or reception in unknown symbols, the UE shall always follow the triggering signals (such as DL assignment, UL grant, aperiodic CSI measurement, aperiodic CSI report, aperiodic SRS, etc.) to transmit or receive. The UE would assume the corresponding slots/symbols are UL or DL, depending on the triggered signal.
For semi-statically configured periodical signals, a UE shall not transmit, receive or measure if resource is unknown. One exception is PDCCH monitoring, a UE shall monitor PDCCH unless the slot/symbols are UL: 
· For periodic transmission (e.g. SRS, periodic PUCCH) or reception/measurement (e.g. periodic CSI-RS etc.) in unknown symbol, the UE shall not perform the corresponding action. However, a UE shall monitor PDCCH as configured by gNB. 

Proposal-2: UE follows dedicated triggered transmissions and receptions, these change the unknown resource to known, i.e. DL or UL.    
Proposal-3: In unknown resource, UE shall not transmit, receive/measure any periodic signals. UE shall monitor the PDCCH as configured by gNB.
Prioritization
When the UE is indicated with conflicting information, the priority rules should be defined. We propose that the dynamic user-specific signalling overrides group-common signalling and that overrides semi-static configuration. 
Proposal-4: When determining the symbol type in TDD, dynamic dedicated signalling overrides group-common signalling (SFI) and that overrides semi-static TDD configuration.
3	Design of SFI
Slot format related information
We have agreed that the slot format related information can be indicated for one or multiple slots. In our view, the main benefit of the slot format related information includes the following:
· It allows the UE to decide whether and when to transmit or receive some configured periodic channels/signals
· It can allow the UE to not monitor PDCCH if configured monitoring occasion overlaps with UL slots/symbols, this saving power.
· It allows eNB to transmit/receive priority low-latency traffic in TDD irrespective of semi-statically configured TDD configuration.
Furthermore, it is generally preferable to provide SFI in group-common DCI per slot and on demand. The periodic signalling and/or signalling for a pattern for fixed/configurable number of slots would certainly reduce the flexibility. Also note that we have already agreed to support semi-static signalling for DL/UL configurations and therefore group-common PDCCH should provide more flexible solution. Therefore we propose:
Proposal-5: The slot format related information in a group common PDCCH carries the SF information for the current slot and the separate SF information regarding the each of upcoming M slots, where M is configurable. The signalling can be sent as needed, i.e. on demand.
An additional benefit of using such a signalling is that it can potentially be directly reused for unlicensed operation. Note that for unlicensed operation, periodic pattern cannot be defined because there is uncertainty in channel access.
In terms of the exact signalling detail, for the current slot, the intention is to tell the UEs which symbols in the slot are DL, UL, unknown/flexible, reserved. There are multiple ways to signal the information:
· Allow the full flexibility for each symbol to be independently indicated as ‘DL’, ‘UL’, ‘Unknown’ or ‘Reserved’. This results in 28 bits to signal for a 14-symbol slot. Other than the large overhead, it also includes a lot of unnecessary combinations. For example, there should be at most one DL-to-UL switch within a slot, while a lot of these combinations would not satisfy this condition. So this approach should not be considered.
· Allow the full flexibility for the slot format by taking into account the condition of at most one DL-to-UL switch, and there could be some unknown symbols at the beginning or the end of the slot (e.g. for LTE-NR coexistence or TDD DL/UL switching purpose). This still results in a large number of possibilities and large overhead. In practice, a lot of these combinations would not be used either.
· An efficient way to reduce the overhead is to pre-define/configured a number of slot formats and signal the index for one of them. The pre-defined/configured slot formats should include all practically meaningful slot formats, and some reserved states can be added for future extension.
Overall the 3rd option appears to provide a good tradeoff between flexibility and overhead. Therefore we propose:
Proposal-6: For the slot format of a slot, some slot formats are pre-defined/pre-configured, and the group-common PDCCH carries the index that points to one of the pre-defined slot formats.

4	On transmission of SFI
Regarding the channel to carry the group-common PDCCH, it was agreed that it follows the CORESET configuration and it is formed by an integer number of CCEs. This would ensure good compatibility when multiplexing with other PDCCH transmissions. The open issue is how the group-common PDCCH is constructed, i.e., whether to completely reuse PDCCH structure or to define a new channel depending on the payload size of the group common PDCCH. The general view is that if the payload size becomes sufficiently large (e.g. close to a regular DCI), it would be natural to reuse PDCCH. If the payload size is quite small, some companies think it may be beneficial to consider a different design.
In section 3, we express our view that the slot format related information for the current slot and the upcoming M slots should be included in group common PDCCH. This is likely to result in 4-5bit per slot and these 40 to 50 bits for 10 slots. It is also beneficial to include some reservation bits for future compatibility purpose. So, the overall payload size could be on the order of 50 bits, plus additional CRC bits. Assuming 1/4 DMRS overhead, one CCE has 6x9 = 54 data REs. With QPSK, one CCE would not be even enough to carry the group common PDCCH, especially considering that the group common PDCCH needs to reach all the UEs in a group including the cell edge UEs. Also note that this payload size is comparable to, or larger than, the most compact DCI size in LTE (format 1C). Therefore, we think it is reasonable to directly reuse the PDCCH design for group common PDCCH (even for payload size as small as 10-20 bits). The exact aggregation level(s) to be monitored for group common PDCCH can be decided after the payload size is finalized.
Reusing PDCCH would also avoid the design of a different channel, saving both specification and implementation effort.
Proposal-7: The group common PDCCH that carries the slot format related information is transmitted using PDCCH, not a separately defined channel.

5	Conclusions
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Proposal-1: RAN1 to consider reserved resource to be included as one state of SFI. UE shall not transmit, receive or measure anything in a reserved symbol.
Proposal-2: UE follows dedicated triggered transmissions and receptions, these change the unknown resource to known, i.e. DL or UL.    
Proposal-3: In unknown resource, UE shall not transmit, receive/measure any periodic signals. UE shall monitor the PDCCH as configured by gNB.
Proposal-4: When determining the symbol type in TDD, dynamic dedicated signalling overrides group-common signalling (SFI) and that overrides semi-static TDD configuration.
Proposal-5: The slot format related information in a group common PDCCH carries the SF information for the current slot and the separate SF information regarding the each of upcoming M slots, where M is configurable. The signalling can be sent as needed, i.e. on demand.
Proposal-6: For the slot format of a slot, some slot formats are pre-defined/pre-configured, and the group-common PDCCH carries the index that points to one of the pre-defined slot formats.
Proposal-7: The group common PDCCH that carries the slot format related information is transmitted using PDCCH, not a separately defined channel.
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