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1. Introduction
The followings are agreements from RAN1 NR Ad-hoc #1. 
	Agreements:
· 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:
· 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:
· ‘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.


In this contribution, we discuss on common signal considering fallback operations in NR system. According to different frequency bands, motivations of common signal and fallback operations for common signal are discussed in this contribution.
2. Discussion
2.1. Contents for a group common PDCCH
As agreed, we consider that slot type indication can be beneficial when flexible duplex operation is used where resources of DL/UL change rather dynamically. As there could be a slot type with all uplink portion, when slot type indication is done, it needs to support indication of information for next slots. Also considering common search space limitation and minimizing always-on signals, instead of a common PDCCH carrying information only about the current slot, it may carry information of a few slots and can be transmitted periodically. Overall, to indicate a common PDCCH for a slot type indication, the following approaches can be considered. 
(1) A common signal transmission is aperiodic, and it, if transmitted, can indicate the information of current slot or next slot. If this approach is used, a UE may not be able to assume that a common signal will be present. In this sense, information obtained by the common PDCCH would be “additional” instead of “essential”. If a UE performs any essential functionalities based on the common PDCCH, this approach would not be satisfactory. As an optional signaling, it is generally desirable that a UE prioritizes the information received by dynamic DCI for data scheduling over the common PDCCH. 
(2) A common signal transmission is periodic, and it can indicate slot types for a set of slots. If this approach is used, a UE may assume that a common signal would be transmitted in a deterministic manner and perform fallback operation in case the common PDCCH missing case assuming no detection. Based on the deterministic behavior, some essential functionality can be defined based on the slot type indication. 
Depending on the expected UE behaviors upon receiving a common PDCCH, periodic or aperiodic approach can be further considered. If common signal coveys additional information, a UE may or may not detect the common PDCCH depending on the information. For example, if slot type is used for neighbor cell interference measurement and/or cancellation, depending on overall interference level, it may or may not detect a common PDCCH from neighbor cells and the serving cells. Also, if slot type is to cancel semi-statically configured resources, a UE without any semi-static configuration in a slot may not need to detect a common PDCCH. In case, the common PDCCH conveys essential information, to minimize misbehaved UEs, reliable and deterministic transmission seems necessary. Overall, from flexible duplex operation perspective, we consider the common PDCCH needs to be transmitted rather periodically, and a UE performs essential functionalities such as dropping grant-free transmission, dropping CSI measurements, etc. 
Proposal 1: A common PDCCH for the slot type is transmitted at least periodically. In case the PDCCH is not received during slots to detect at least one the common PDCCH, it is assumed that common PDCCH is missed. 
   Another possible content for a common PDCCH may include PDCCH resource set size in time. It has been proposed that this can reduce UE blind decoding overhead. To achieve blind decoding reduction sufficiently by this approach, the signal needs to be transmitted at least one slot prior to the effective slot. Otherwise, the benefits seem very limited considering inter-layer processing latency in control channel processing. As discussed for slot-type indication, generally, it seems not easily possible to assume a common PDCCH is transmitted in every slot. In this sense, if this is transmitted, either control resource set size of multiple slots is transmitted or the same configuration is assumed over multiple slots. Considering multiple carriers are aggregated where BD reduction by not monitoring CSS in SCells would be beneficial, transmission of control region size seems excessive burden compared to the potential benefits. In this sense, we consider control region size can be treated with low priority in designing of a common PDCCH. 
Proposal 2: First focus on slot type indication for further common PDCCH design. 
Another potential use case of a common PDCCH is to transmit “reserved resource” of a slot in the next slot to handle a case where resources are preempted dynamically such as due to URLLC/eMBB multiplexing. As discussed in our companion contribution [1], in terms of indication mechanism, if explicit indication is adopted, common signaling based approach seems the best given the overhead consideration. The signal can be present only if preemption occurs. Thus, if this signaling is adopted, the signal can be aperiodic. 
Proposal 3: For additional information, indication of reserved/preempted resource can be considered.
 
2.2. Design consideration on common PDCCH
Resource used for a common PDCCH
Assuming periodic or aperiodic transmission of a common PDCCH, a common PDCCH can be transmitted via common search space or group common search space. In terms of aggregation level used for the PDCCH, it may be further restricted to the maximum aggregation level considering the reliability. In a wideband system, there could be multiple duplicate common search space where different UEs monitor different common search space due to its limited bandwidth or bandwidth adaptation operation, etc. A UE which can monitor multiple common search space or resources simultaneously may acquire multiple copies of the common PDCCH or may be configured to monitor only one common search space. In case a UE can acquire multiple copies, the content needs to be same across different subbands in the wideband. As different subband may be equipped with different slot structure and/or numerology and/or resource allocation in downlink, uplink, guard period, and/or reserved resource, the relationship between common PDCCH and its effective “bandwidth” needs to be clarified. The following approaches can be considered.
(1) The wideband is divided in to a few subbands where each subband can have independent CSS, and a common PDCCH is carried in each subband. The common PDCCH is applied to resources in the corresponding subband only. 
(2) There could be multiple resource sets for CSS can be configured where a UE is configured with one resource set for CSS for the common PDCCH. Along with the resource set configuration of CSS, it is also configured the resource region where the common PDCCH is effective. Unless otherwise indicated, it may be assumed that common PDCCH applies to the entire system bandwidth. 
In either approach, a UE needs to be configured with SS where a common PDCCH can be monitored and the resource where the common PDCCH applies implicitly or explicitly. 
Proposal 4: Further clarification of CSS for the common PDCCH, particularly considering wideband operation, is necessary.

Handling different information between semi-static configuration and a common PDCCH or between dynamic scheduling DCI and a common DCI
Depending on the content, different handling seems necessary in case the common PDCCH indicates different information from the known information by semi-static configuration or by dynamic scheduling. For example, if a slot type includes guard/reserved period which can be used for certain applications such as URLLC, URLLC UEs need to assume that reserved portions can be used for URLLC based on dynamic scheduling. Another issue is how to handle grant-free resource whether this can be transmitted in downlink/reserved resource indicated by the common PDCCH or not. Generally, when the network indicates downlink resource for the grant-free resource portion, it is likely that grant-free transmission may not be successfully received by the network regardless whether the UE transmits or not. In this sense, it is generally better to assume that grant-free resource can be cancelled by the common PDCCH. However, for reserved resource, it may be assumed that still URLLC UEs can utilize the resource. To address this issue, separate slot type indication may be given to different UEs (e.g., eMBB UEs and URLLC UEs) or a UE may assume that semi-statically configured uplink resources are valid unless the portions are reclaimed as downlink. In case preemption indication is used, a common PDCCH can override the scheduling DCI. 
Proposal 5: Further clarification of priority among different transmissions is necessary considering different use cases and contents on common PDCCH.

Handling CA and cross-carrier scheduling case
When slot type indication is considered which involves both downlink and uplink, some clarification is necessary particularly in case different UEs are configured with different uplink carrier while sharing the same downlink carrier. One example, as discussed in LTE-NR coexistence, is to utilize LTE uplink spectrum for NR uplink transmission to achieve better coverage. In that case, instead of utilizing paired uplink spectrum or the same spectrum to downlink spectrum, a UE can utilize different uplink spectrum. In such a case, whether a UE can assume the indicated slot type also to uplink spectrum or not needs to be clarified. Furthermore, when a UE is configured with cross-carrier scheduling for a carrier, whether a common PDCCH can be transmitted from the same carrier or scheduling carrier needs further discussion. 
Proposal 6: Further clarification for the case where downlink and uplink are configured in different frequency band. Handling of cross-carrier case is also necessary. 

Fallback case
Unless the signalig is purely additional signaling, some fallback behavior needs to be defined to handle common PDCCH missing case. One example of fallback operation is to assume that there is semi-statically configured slot types which are applied/assumed in case common PDCCH is missing. 
Furthermore, in case slot type indication can also change the duration of uplink portions, it needs to be clarified how PUCCH is transmitted. One approach is to assume that fallback configuration is always subset of dynamically indicatable uplink portions (unless it is configured as downlink only subframe) such that a UE transmits PUCCH on the resource following fallback configuration. If this approach is used, regardless of uplink portions configurable by common PDCCH, limited uplink resources are available for PUCCH transmission. As shown in Figure 1, regardless of common PDCCH indication on slot type, PUCCH region may be unchanged to avoid any ambiguity between the network and UEs. Also, it is desirable that dynamic PDCCH does not indicate any uplink portion smaller than PUCCH regions. 

[image: ]
[bookmark: _Ref473894093]Figure 1. Illustration of PUCCH region determined by a fallback configuration
Proposal 7: In semi-static resource configuration for fallback operation, consider impact on PUCCH transmission.
3. Conclusion
[bookmark: _GoBack]This contribution discussed a common PDCCH design, and proposed the followings. 
Proposal 1: A common PDCCH for the slot type is transmitted at least periodically. In case the PDCCH is not received during slots to detect at least one the common PDCCH, it is assumed that common PDCCH is missed. 
Proposal 2: First focus on slot type indication for further common PDCCH design. 
Proposal 3: For additional information, indication of reserved/preempted resource can be considered.
Proposal 4: Further clarification of CSS for the common PDCCH, particularly considering wideband operation, is necessary.
Proposal 5: Further clarification of priority among different transmissions is necessary considering different use cases and contents on common PDCCH.
Proposal 6: Further clarification for the case where downlink and uplink are configured in different frequency band. Handling of cross-carrier case is also necessary. 
Proposal 7: In semi-static resource configuration for fallback operation, consider impact on PUCCH transmission.
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