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Introduction
In the last RAN1 NR ad-hoc meeting, the following agreements were made regarding group common PDCCH and its potential contents [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 further details and some of remaining issues on common PDCCH. Some sections will focus on physical channels for common PDCCH and candidates for common DCI.

Discussion
In the last meeting, it was agreed that UE should be able to process a detected PDCCH irrespective of whether the ‘group common PDCCH’ is received or not. However, there seems to be an ambiguity of interpretation which needs clarification. In our understanding, the agreement means that PDCCH blind decoding should not be affected by miss-detection of common PDCCH and it does not mean that UE needs not decode the common PDCCH at least in the single-beam broadcast case. If UE fails to decode the common PDCCH, other UE behaviors except PDCCH monitoring and reception may not be guaranteed, e.g., PDSCH/PUSCH may not be decoded even if UE receives the scheduling assignment DCI.
Proposal 1: If UE fails to receive common PDCCH, some UE behaviors except PDCCH reception may not be guaranteed.

On the other hand, in the case of multi-beam operations, sometimes it is very challenging to broadcast the common DCI over the entire cell or sector coverage since it requires beam repetition or beam sweeping. It is not technically impossible but will make specification more complicated and will increase the signaling overhead to configure control channels with resource repetitions. Therefore it is preferred that UE does not rely on common PDCCH in the beam-centric scenarios. Depending on its beamforming implementation, gNB should be able to choose whether or not to configure the common PDCCH.
Proposal 2: In multi-beam case, UE behavior does not rely on common PDCCH.
Proposal 3: gNB can choose whether or not to configure UE to monitor common PDCCH.

PDCCH vs. PCFICH-like channel
The so-called PCFICH-like channel can be interpreted as a separate physical channel from PDCCH to transmit common DCI which has its own encoding/decoding process and resource structure. If a certain PDCCH candidate is dedicated to a certain common DCI, it can be considered as a part of PDCCH with no blind decoding. Based on this classification, pros. and cons. of the PDCCH and the PCFICH-like channel for common DCI are compared.
[PDCCH]
· (Pros) Simple channel design since PDCCH search space can be reused. There is no issue on coexistence of PDCCH and PCFICH-like channel in the same control resource set.
· (Pros) Multiple common DCIs can be flexibly scheduled within a slot since there are multiple channel candidates.
· (Pros) Forward compatible. Additional common DCI can be easily introduced in the future (like LTE eIMTA-RNTI introduced in Rel-12).
· (Cons) It requires blind decoding. If neighbor cells’ common DCIs are monitored as well, the decoding complexity may be significant.
[PCFICH-like channel]
· (Pros) Fast processing is enabled with no blind decoding.
· (Pros) Accessible to any UEs due to not being affected by DRx configurations
· (Cons) Complicated channel design: PCFICH-like channel should be designed. Coexistence with PDCCH should be handled.
In either approach, it is also possible for RRC idle UEs to receive the common PDCCH if the resource of the common PDCCH is configured by UE-common RRC signaling (e.g., SIB). Potential applications can include enhanced RSRQ measurement for dynamic TDD systems by the aid of slot format related information, and inter-cell interference suppression with slot format of neighbor gNBs. As mentioned, PCFICH-like channel is favorable to RRC idle UEs for this purpose with respect to receiver complexity. 
Proposal 4: Study further the pros. and cons. of each alternative, i.e., reusing PDCCH and introducing PCFICH-like channel, for common DCI transmission.

Common DCI
[‘Slot format related information’]
The slot format information was agreed to be introduced as common DCI, which is compatible with LTE eIMTA reconfiguration signaling. The next step is to study which information should be included and how to configure its control resources. The slot format DCI may include slot type and/or DL/UL symbol ratio. As the slot type, one of {DL only, UL only, DL centric, UL centric} or its subset can be indicated. For DL centric or UL centric slot type, one DL/UL symbol ratio can be configured by RRC signaling or one of multiple values can be dynamically configured by common DCI in addition to the slot type information. If the periodicity of the slot format DCI is larger than one slot, then whether and how to configure the slot format of multiple slots should be investigated. In this case, some of the periodicity and the patterns should be compatible with the periodicity of the LTE eIMTA signaling (i.e., 10~80 ms) and the LTE UL/DL configurations.
Observation 1: The periodicity and the multi-slot patterns of slot format related DCI should be compatible with the periodicity of the LTE eIMTA signaling and the LTE UL/DL configurations.

[‘Control resource set duration’]
This L1 indication was proposed for dynamic UE search space skipping with the expectation of UE power saving in average sense. To guarantee the PDCCH reception when UE fails to receive this control duration DCI, the default search space and the modified search space by this information should share a subset of PDCCH candidates. In other words, some PDCCH candidates should be stationary regardless of the actual duration of the control resource set. This signaling may provide UE complexity reduction, but at the same time it may decrease the search space design flexibility. For example, frequency first CCE-REG mapping or frequency first CCE aggregation may be restricted under the dynamic control resource set duration. We do not have a strong preference on introducing this information, however, whether and how to apply this to UE-specific control resource set should be clarified.
Observation 2: Whether and how to apply control resource set duration DCI to UE-specific control resource set should be clarified.

[Reserved resource indication]
From forward and backward compatibility perspective, it is good to have reserved resource indication by L1 signaling. This will also be useful to scheduling based multiplexing of eMBB and URLLC where the reserved resource can be used for URLLC transmission [2]. Since this information should be for a group of UEs, it can be transmitted via common PDCCH.

[RA-RNTI, SI-RNTI, TPC-RNTI]
Random access response, scheduling information for system information PDSCH, and TPC command can also be group common if exist at least in single-beam case as they were in LTE. However, since they are not urgent information in terms of UE processing, PDCCH is adequate for them even if PCFICH-like channel is introduced. In addition, allowing search space larger than LTE common search space can be beneficial considering the multi-beam case where these information may be delivered via UE-specific beamforming. For example, both common and UE-specific search space can be used to transmit these information.

Based on the above discussion, some of common DCI should be able to be fast-decoded at the UE side. Therefore common PDCCH should be front-loaded within a control resource set. If the common PDCCH is PCFICH-like channel, it may be located at the first OFDM symbol if possible, and if it is PDCCH, it may be located at the first several OFDM symbols. If multiple DCIs are defined, another issue is whether multiple DCIs are jointly or separately encoded. Considering that many parameters can be distinct for each DCI, e.g., transmission slot, periodicity, target group of UE, performance requirement, etc., they are preferred to be separately encoded. In addition, the RRC signaling for common DCI monitoring pattern is also preferred to be independently applied for each common DCI.
Proposal 5: Common PDCCH is front-loaded within a control resource set.
Proposal 6: If multiple common DCIs are introduced, each common DCI is separately encoded and monitoring occasion of each common DCI is independently configured.

Conclusion
In this contribution, we discussed several issues on common PDCCH which include physical channels for common PDCCH and potential common DCIs. Our observations and proposals include:
[bookmark: _GoBack]Proposal 1: If UE fails to receive common PDCCH, some UE behaviors except PDCCH reception may not be guaranteed.
Proposal 2: In multi-beam case, UE behavior does not rely on common PDCCH.
Proposal 3: gNB can choose whether or not to configure UE to monitor common PDCCH.
Proposal 4: Study further the pros. and cons. of each alternative, i.e., reusing PDCCH and introducing PCFICH-like channel, for common DCI transmission.
Observation 1: The periodicity and the multi-slot patterns of slot format related DCI should be compatible with the periodicity of the LTE eIMTA signaling and the LTE UL/DL configurations.
Observation 2: Whether and how to apply control resource set duration DCI to UE-specific control resource set should be clarified.
Proposal 5: Common PDCCH is front-loaded within a control resource set.
Proposal 6: If multiple common DCIs are introduced, each common DCI is separately encoded and monitoring occasion of each common DCI is independently configured.
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