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1 Introduction

In RAN1 NR Ad Hoc #3 meeting, discussions on group common PDCCH were held, and the following is agreed. 

Agreements:
· Regarding dynamic SFI content definition

· The SFI carries an index to a table that is UE-specifically configured via RRC 

· FFS how to manage the table for future proof

· FFS how to define entries in the table

· FFS whether to have separate or joint management of slot based SFI (SFI indicates the slot format of the corresponding slot) vs. multi-slot SFI (SFI indicates the slot format of more than one corresponding slots)
Agreements:
· Confirm the following WA 

· ‘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.

Agreements:

· For semi-static DL/UL assignment 

· Cell-specific RRC configuration (SIB) + additionally UE-specific RRC configuration

· UE-specific RRC configuration only overwrites the “unknown” state of the cell-specific RRC configuration
From the RAN1 NR Ad Hoc #3, many issues for GC PDCCH are addressed such as relationship among semi-static SFI, dynamic SFI and UE-specific DCI, and how to deliver SFI. As a result a few agreements are derived. For further discussion, we made some proposals about physical structure and search space for GC PDCCH, how to indicate SFI in various condition, UE operations with GC PDCCH for GP configuration or fallback, and relationship among control signals.
2 Discussions 
2.1 Structure of GC PDCCH
The physical structure of GC PDCCH has been discussed. To determine the structure, firstly clarification on the payload size and whether SFI is carried with other group common DCI contents seem necessary. In general, we think fast processing time on SFI is necessary particularly when short periodicity is used. Secondly, as SFI may be transmitted continuously (periodically) once it is configured, it is also desirable to minimize the overhead. To realize this, regardless of channel structure for GC PDCCH, it can be considered to have ‘preconfigured’ resources designated for GC PDCCH. For example, to minimize the number of BD, only one candidate with a certain AL level can be preconfigured for GC PDCCH in case PDCCH is used for the structure. As the periodicity may be configurable for SFI indication and also the number of carriers indicated by a single GC PDCCH may be configurable, it may be difficult to fix the payload size for GC PDCCH content. In that case, one possible approach is to utilize different coding and CRC structure depending on the payload size. For example, if payload size is small, RM coding with zero CRC bit is used, and if payload size becomes larger, polar code with CRC bit (the size of CRC may also depend on the size of payload) can be used. Regardless, one structure and resource is configured for GC PDCCH when GC PDCCH is enabled for one or more of carriers. In case a UE is configured to monitor multiple GC PDCCHs for multiple carriers, separate configuration can be done per each GC PDCCH.
Proposal 1: Before discussing exact structure, first finalize the payload sizes. If indeed GC PDCCH supports various payload sizes, consider supporting multiple set of {coding, CRC bit} depending on payload size. 
When GC PDCCH is transmitted, the following options for multiplexing of GC PDCCH resource with CSS can be considered. 

(1) Separate GC PDCCH resource is configured which is not part of CORESET for CSS. One approach is to rate match around GC PDCCH resource by candidates in CSS. However, given that GC PDCCH is UE-group specific feature, and can be enabled after UE-RRC connection, in mapping of control for CSS, the information on GC PDCCH may not be available. Another approach is to configure GC PDCCH resource not overlapping with CSS CORESET. Considering UEs with minimum bandwidth capability, this could restrict CSS configuration. 

(2) GC PDCCH is mapped to one candidate of CSS. Another approach is to assign one candidate of CSS to transmit GC PDCCH where the assigned candidate may or may not be used for mapping of CSS control depending on whether GC PDCCH has been transmitted or not. If it is transmitted, it is transmitted using the assigned resource. Otherwise, the resource can be used for other control transmission. This is similar to control channel transmission though the number of candidate for GC PDCCH is restricted to such as 1 or a few. 

 Based on the observation, we consider it is desirable that the resource for GC PDCCH is shared with CORESET for CSS via one or a few candidates of CSS. 
Proposal 2: The search spaces for group common PDCCH shares CCEs/candidates of CSS.
2.2 SFI indication
As agreed, SFI indicates an index from a table which are UE-specifically configured via RRC, and it has been also agreed that one GC PDCCH can carry one or more slots of SFIs. Thus, it is natural to construct the table for one or more of slots’ SFI combinations. 

Remaining questions can be as follows.

· What slot formats are indicating one slot?
· Whether the table supports only fixed number of slots or flexible slot duration.
For the first one, it is natural that at least DL only, UL only, DL centric, UL centric, and Unknown slot formats are supported. In addition, the question is whether variable length of DwPTS and UpPTS should be supported or fixed length of DwPTS and UpPTS are assumed for DL centric or UL centric slot format. In the spec, various number of DwPTS/UpPTS length should be supported. However, for a given cell, the combinations can be considerably reduced as the length may be determined by the gap size and potential use of flexible resources. In that sense, only a few lengths of DwPTS and UpPTS for DL centric and UL centric slot formats may be sufficient whether DwPTS or UpPTS can be configured as zero (i.e., a slot consist of DwPTS + Unknown or Unknown + UpPTS).
Proposal 3: For each slot, DL only, UL only, a few DL centric with different DwPTS/UpPTS lengths, a few UL centric with different DwPTS/UpPTS, and unknown slot format are at least supported. This can be generalized that a slot format consists of K1 DwPTS and K2 UpPTS where DwPTS starts from the start of slot and UpPTS ends in the end of the slot. 14 – (K1+K2) symbols are considered as Unknown.

The SFI transmitted in a group-common PDCCH can indicate the slot format related information for one or more slots. UE-specifically configured table can contain SFIs for single slot and multiple slots and it needs to be defined that what number of slots for SFI should be considered. The monitoring duration for GC PDCCH carrying SFI may be defined. The simple way is the table has only SFI for slots which is same duration of monitoring. With this manner, the table size and configuration could be compact and simple. However, the SFI delivered by GC PDCCH has the purpose to indicate SFI dynamically. If the table has only single duration, SFI cannot be changed dynamically and partially when it needs. Furthermore, GC PDCCH may not be necessary to indicate SFI for every slots. In the case that dynamic SFI does not need to indicate for some slots, then transmitting GC PDCCH is just overhead. For supporting dynamic and efficient SFI indication, table needs to contain SFIs for multiple slot numbers.
Proposal 4: A table that is UE-specifically configured via RRC contains SFIs for multiple slot durations.
2.2.1 SFI indication for multiple CC and different numerology

It is WA that SFI can be cross-carrier scheduled in CA case. If the SFIs of each CCs are separately indicated, by separate GC PDCCH, the overhead increases linearly with the number of carriers with SFI indication. Furthermore, for SCell where common search space is not present, additional SS for GC PDCCH is necessary. Moreover, it cannot enjoy potential benefit of cross-carrier scheduling. In that point of view, we propose to confirm the working assumption. To address the concern of large payload of a single GC PDCCH, joint decision on how many slots that each GC PDCCH can carry and how many carriers can be cross-carrier scheduled simultaneously is necessary. In case of cross-carrier scheduling, instead of utilizing separate channel, we propose to aggregate SFIs for multiple carriers by one GC PDCCH to minimize the overhead similar to eIMTA DCI design. Moreover, it is noted that separate entry of SFI per each carrier may not be necessary, particularly for intra-band carrier aggregation. Though, separate entry may allow independent configuration of unknown resources, joint indication can reduce the overall overhead. 

Proposal 5: Confirm the working assumption “UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)”. One or more CCs can be grouped and SFIs of CCs can be indicated by a single group common PDCCH in one cell. 
The slot size is related to the numerology. If a SFI supports only single numerology and the network supports multiple UEs who use different numerology, the overhead of GC PDCCH should be increased. However, unless advanced features are employed, the network may have the same direction of downlink or uplink regardless of numerologies used. In this sense, it is beneficial to transmit slot type indication based on a reference numerology. If the relationship between the SFI of reference numerology and that of UE’s numerology is defined, it is sufficient to carry only single SFI based on reference numerology for multiple UEs. From the relationship it can be helpful to indicate multiple SFIs for multiple numerology with single GC PDCCH. When the GC PDCCH indicate the SFI based on the reference numerology, and with the SFI relationship for difference of  numerology, UE using different numerologies also can be noticed the SFIs. Of course, the SFI relationship indicates the SFI of different numerology but the same time duration.
Proposal 6: A group common PDCCH can indicate slot structure based on a reference numerology, and SFIs for multiple numerology can be indicated with single GC PDCCH. Reference numerology can be indicated by the network. 

2.2.2 Considering FDD

In the FDD, basically the frequency bands for downlink and uplink are separated thus it is not necessary to inform SFI. However if the flexible duplex is applied in each DL and UL band, SFI may need to be indicated. Furthermore, if some resources are reserved for certain purposes or configured as flexible resources, this information also should be indicated. For the flexible duplex, the SFI of each frequency band can be configured as follows

· D / U

· D / Unknown

· Unknown / U

· Unknown / Unknown
These band formats can be applied when SFI can change only the direction of each FDD band. Of course, the FDD bands can be achieved the full flexibility. This full flexibility case looks like UE have multiple TDD bands. In other words, the dynamic TDD operation for unpaired spectrum is performed in each UL and DL band.

Proposal 7: SFI can be applied to FDD band for flexible duplex.
2.2.3 With the mmWave

With the mmWave, the MIMO and beam management techniques are applied. The maximum 64 beams are supported and network uses these beams to transmit signals of the system to UEs. The gNB may not know that which beams will be aligned to UEs, thus the information which is needed to be delivered all UEs is needed to be transmitted in every beam. It cause the huge burden to the gNB but this operation is unavoidable. The SFI can be considered as common information because both scheduled UE and non-scheduled UE should receive the SFI. It can be assumed that gNB knows the exact beam which is connected with scheduled UE, however it is difficult to assure the beam which is connected with non-scheduled UE. If gNB cannot know the connection status between beam and UE, the beam sweeping should be operated to inform SFI to non-scheduled UE. To indicate SFI efficiently, some options can be considered. 

The SS block is the essential feature to make connection between gNB and UE thus SS block has to be transmitted in each beam. If GC PDCCH is conveyed in the resources for SS block or resources near SS block, additional monitoring and beam sweeping burden for GC PDCCH can be reduced. From the agreements of initial access agenda, the SS block is composed with 4 symbols and each symbol has two candidates SS block. It means that 8 symbols per slot is set aside for SS block. 1 slot is organized with 14 symbols, thus extra 6 symbols can be used for other purpose. Using this extra 6 symbols, GC PDCCH can be delivered. Otherwise, GC PDCCH can be transmitted in the resources of candidates for SS block. SS block is not transmitted in every candidate, thus some resource of candidates is not utilize for actual SS block transmission. In these resources, GC PDCCH is able to be delivered. If GC PDCCH is transmitted in a beam-sweeping manner aligned with SS block, the periodicity of GC PDCCH transmission may need to be also aligned with SS block periodicity. For example, if SS block is transmitted in every 20msec, SFI needs to be also transmitted in every 20msec. In this sense, dynamic operation of SFI may not be suitable. Rather, it can be used to change ‘semi-static’ DL/UL configurations periodically. 
Besides the SS block, there are some other essential features for fundamental connection such as resource for RMSI, paging and beam management RS. Similar with SS block, UE need to monitor these features requisitely. If GC PDCCH is transmitted with sharing resources of these information, burden for GC PDCCH also is reduced.
For another option, cross-carrier configuration can be considered. Because of beam sweeping, it is difficult to prepare the resource for GC PDCCH that it cause much monitoring burden to UE. To solve this problem, SFI can be received in another carrier if UE can connect to multiple carriers. With the cross-carrier SFI configuration, it can be assumed that the numerology of carrier carrying SFI and that of mmWave carrier are different. In this situation, the target slot of SFI indication should be defined. In the same numerology circumstance, it may not cause any problem. However if it is not, SFI may not be aligned with slots of mmWave carrier. If the SCS of SFI carrying carrier is larger than that of mmWaver, the SFI can be receive to the UE in the middle of the mmWave carrier’s slot. Or in the converse situation, the SFI can be receive in front of the target slot of the mmWave carrier. Thus for the cross-carrier SFI configuration, the matching information between SFI and target slot needs to be defined.
Proposal 8: Use cases of transmission of SFI in multi-beam scenario first need to be clarified. One possible use case is to allow periodic change of semi-static DL/UL assignment over multiple slots aligned with SS block transmission periodicity. If indeed more dynamic SFI transmission is necessary, consider separate SS configuration with beam-sweeping. 
2.3 UE operations
2.3.1 UE operation according to the GP configurations

In LTE, cell-specific GP length is configured to all UEs. This, however, can be very inefficient in NR framework. For example, if GP length is configured as 2 OS based on 15 kHz numerology, it becomes 8 OS on 60 kHz regardless of actually necessary GP length of UEs utilizing 60 kHz. Given different propagation delays, different numerologies, and different QoS requirements, it is therefore natural to consider UE-specific GP configuration in NR rather than assuming cell-specific UE-common GP configuration. To support this, maximum GP supported by the network needs to be informed to UEs (as UEs requiring more GPs than the network can support need handling) and UE-specific GPs should be able to be decided/informed. 

Proposal 9: NR supports UE-specific GP configuration. 

The SFI can be indicated semi-statically by RRC and dynamically by GC PDCCH, and it is finalized by combination of these two SFI and UE-specific DCI. In signaling downlink portion and uplink portion from a SFI, overall we can consider two approaches. First approach is to indicate best case for downlink and uplink portion. In other words, downlink and uplink portions are indicated according to the smallest GP that the network supports. If this approach is used, a UE with larger GP length needs to determine where to put extra required GP in D or U portion. Second approach is to indicate worst case for downlink and uplink portion where downlink and uplink portions are indicated based on the largest GP that the network supports. With this approach, separate mechanisms to utilize “Unknown” indicated by SFI indication can be used for downlink or uplink for UEs with smaller GP. If the latter is used, unless semi-static measurement configurations have higher priority over GC PDCCH unknown resource, a UE may not utilize unknown resource for the measurement. This can restrict measurement opportunities unnecessarily. However, with this approach, gap handling needs to be a bit clarified where a UE may perform DL/UL switching before a first UL symbol where the gap can span unknown and potentially DL resource in the slot. If the first approach is used, gap can be constructed in the unknown resources, yet, measurement opportunities for UEs with small gap may be reduced.  

In either approach, it is natural to apply DL-UL switching before a first UL symbol of a UL transmission of a UE by UE implementation. To balance the benefits considering also gap operation, we propose the followings. 

Proposal 10: To support various gap size, the network indicates the smallest gap as Unknown resource in SFI. Each UE applies UE-specifically configured gap size. 

Proposal 11: Gap is created by a UE before first UL resource used for transmission by UE implementation. 
2.4 UE operation for a carrier without GC PDCCH

When a UE is not configured with group common PDCCH, a UE determines slot format based on other configurations such as semi-static DL/UL configurations, RMSI configuration and semi-static configurations. For resources not determined by such configurations are considered as Unknown. 

Proposal 12: In case, a UE is not configured with GC PDCCH for a cell, default fixed DL/UL resource configuration is assumed. Default DL/UL resource configuration can be derived based on semi-static DL/UL configurations, RMSI configurations and semi-static configurations. Other resources not defined by such configurations are considered as flexible/Unknown in semi-static DL/UL configuration. 
2.5 UE operation when UE loses the SFI
When a UE has not acquired GC PDCCH, we can consider the UE’s fall back operations as follows,

· UE cannot assume slot format based on GC PDCCH. Information from other configurations such as DCI and semi-static configuration depending on the priority rule discussed in above can provide additional information. 

If the UE operates according to the default format or latest format, some problems may come up. In the case of that the indented slot format is U but UE considers as D, it may not be an issue, because UE will expect the downlink and ready to receive signal. And if UE is scheduled via UL grant to transmit uplink, it also be fine. However, in the opposite case that the indented slot format is D but UE considers as U, the problem can be occurred. When UE needs to transmit periodic SRS or uplink signal in the grant-free slot and if semi-static resource can be overridden by slot format indication, UE cannot sure to transmit signal. In the case of that semi-static resource is not overridden by slot format indication, UE already knows where the periodic resources are transmitted in, thus it is not issue to UE to transmit the signal. 
Proposal 13: UE can assume resource type is configured as ‘Unknown’ on the corresponding slots in case that a UE misses GC PDCCH.
2.6 Relationship between semi-static configuration and GC PDCCH
To allow flexible adaptation of resources, it is desirable to have possibility that GC PDCCH can override at least some of semi-statically configured resources. However, there are some aspects to be considered for static resources. 

· Resources shared with IDLE UEs: for example, actually transmitted SS blocks are shared with IDLE UEs for the synchronization. As IDLE UEs would behave as if they are not configured with group common PDCCH, according to the case a UE is not configured group common PDCCH, it is natural to assume that semi-statically configured resources are guaranteed. Thus, resources at least indicated cell-specifically via PBCH/RMSI/OSI in our view should not be altered by group common PDCCH. 

· Fixed DL/UL resources by semi-static DL/UL configuration: it is also not desirable to override fixed DL/UL resources which are indicated to UEs for power saving and resource management. If they can be overridden, there is no purpose of semi-static indication. This would be applied to both cell-specific and UE-specific DL/UL configurations.

For the behaviour for each semi-static configuration, we have the following proposals. 

· Periodic CSI-RS, reporting CSI or SRS configurations for UE-specific measurement configurations: the resources are remained ‘Unknown’ and, if GC PDCCH is configured, it can validate/activate the configured resource by GC PDCCH. In other words, when group common indicates ‘downlink’ or ‘uplink’, the resource becomes valid, and the UE performs measurements. This way will guarantee that measurements are performed on the valid resources only. This would be also applied to RLM if RLM is based on CSI-RS. 

· Periodic RS transmissions such as wideband RS (if agreed) or TRS: even though both wideband RS and TRS are UE-specifically configured, it is generally used commonly for multiple UEs. If we consider the case where some UEs may not be configured with group common PDCCH, it is not desirable that such shared RS configurations are overridden by GC PDCCH. Furthermore, if such RSs are used for IDLE UEs as well, it is not efficient. Assuming they are not shared with IDLE UEs, the similar handling to (1) can be considered. 

· CORESET configuration: unless group common PDCCH indicates ‘UL resource’, a UE monitors CORESET following CORESET configuration. In the indicated UL resource, a UE can skip monitoring of CORESETs. 
Proposal 14: The priority between semi-static configuration and GC PDCCH can be different depending on the semi-static configuration. One criteria can be cell-specifically configured fixed DL or UL resource which impacts on IDLE UEs are not overridden by GC PDCCH. 
2.7 Relationship between dynamic DCI and GC PDCCH
It has been agreed that unknown of GC PDCCH can be overridden by dynamic DCI. Yet, a few things should be further clarified as follows. 

· Earlier DCI overrides later GC PDCCH unknown: In this case, as GC PDCCH says unknown, it is natural to follow DCI information. In this sense, earlier DCI can also override later GC PDCCH’s indicated unknown resource.

· Earlier DCI indicates DL which is indicated as UL by GC PDCCH (or DCI indicates UL for DL by GC PDCCH): for example, for multi-slot scheduling or cross-slot scheduling, DCI can be transmitted before GC PDCCH. In such cases, it can be considered to follow ‘recent’ information if the reliability of GC PDCCH is assured. If DCI cannot be overridden, the network cannot change resources once it has any cross or multi-slot scheduled data, which will restrict the flexibility. In this sense, it can be considered to allow recent GC PDCCH can override earlier DCI. To minimize the impact on the UE performance in case of GC PDCCH missing, it can be considered to ‘puncture’ the data mapping on the resources changed by GC PDCCH. This case can be useful for quick resource changes to support low latency applications. 

· Later DCI indicates DL which is indicated as UL by GC PDCCH (or DCI indicates UL for DL by GC PDCCH): similar to the above, this can be also supported where recent information has higher priority. 
Proposal 15: Group common PDCCH can override DL to UL or UL to DL indicated by a DCI if it is transmitted later than the DCI. A DCI can override DL to UL or UL to DL indicated by a group common PDCCH if it is transmitted later than the the group common PDCCH.
3 Conclusion 
In this contribution, we discuss on the structure of group common PDCCH. Based on the discussion, we obtained following proposals.
Proposal 1: Before discussing exact structure, first finalize the payload sizes. If indeed GC PDCCH supports various payload sizes, consider supporting multiple set of {coding, CRC bit} depending on payload size. 
Proposal 2: The search spaces for group common PDCCH shares CCEs/candidates of CSS.

Proposal 3: For each slot, DL only, UL only, a few DL centric with different DwPTS/UpPTS lengths, a few UL centric with different DwPTS/UpPTS, and unknown slot format are at least supported. This can be generalized that a slot format consists of K1 DwPTS and K2 UpPTS where DwPTS starts from the start of slot and UpPTS ends in the end of the slot. 14 – (K1+K2) symbols are considered as Unknown.

Proposal 4: A table that is UE-specifically configured via RRC contains SFIs for multiple slot durations.
Proposal 5: Confirm the working assumption “UE can be configured to monitor SFI in group common PDCCH for a Scell at least on the same Scell,  or on a different cell (as a working assumption)”. One or more CCs can be grouped and SFIs of CCs can be indicated by a single group common PDCCH in one cell. 

Proposal 6: A group common PDCCH can indicate slot structure based on a reference numerology, and SFIs for multiple numerology can be indicated with single GC PDCCH. Reference numerology can be indicated by the network. 

Proposal 7: SFI can be applied to FDD band for flexible duplex.
Proposal 8: Use cases of transmission of SFI in multi-beam scenario first need to be clarified. One possible use case is to allow periodic change of semi-static DL/UL assignment over multiple slots aligned with SS block transmission periodicity. If indeed more dynamic SFI transmission is necessary, consider separate SS configuration with beam-sweeping. 
Proposal 9: NR supports UE-specific GP configuration. 

Proposal 10: To support various gap size, the network indicates the smallest gap as Unknown resource in SFI. Each UE applies UE-specifically configured gap size. 

Proposal 11: Gap is created by a UE before first UL resource used for transmission by UE implementation. 
Proposal 12: In case, a UE is not configured with GC PDCCH for a cell, default fixed DL/UL resource configuration is assumed. Default DL/UL resource configuration can be derived based on semi-static DL/UL configurations, RMSI configurations and semi-static configurations. Other resources not defined by such configurations are considered as flexible/Unknown in semi-static DL/UL configuration. 
Proposal 13: UE can assume resource type is configured as ‘Unknown’ on the corresponding slots in case that a UE misses GC PDCCH.

Proposal 14: The priority between semi-static configuration and GC PDCCH can be different depending on the semi-static configuration. One criteria can be cell-specifically configured fixed DL or UL resource which impacts on IDLE UEs are not overridden by GC PDCCH. 
Proposal 15: Group common PDCCH can override DL to UL or UL to DL indicated by a DCI if it is transmitted later than the DCI. A DCI can override DL to UL or UL to DL indicated by a group common PDCCH if it is transmitted later than the group common PDCCH.
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