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Introduction
[bookmark: _Ref129681832]In the last RAN1 meeting [1], the agreement related to a ‘group common PDCCH’ is as the following
•   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.
•   ‘Slot format related information’
· [bookmark: OLE_LINK183][bookmark: OLE_LINK184]Information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’, respectively
•   The staring position of downlink data in a slot can be explicitly and dynamically indicated to the UE.
· FFS: signaled in the UE-specific DCI and/or a ‘group-common PDCCH’
•   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: ‘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.
With the agreements, the content of ‘group common PDCCH’ is firstly discussed, and then concrete designs by using PCFICH-like channel (e.g. occupied resources, mapping, etc.) is discussed. 
Discussion
Content of ‘group common PDCCH’
As mentioned in above, it is agreed that ‘group common PDCCH’ carrying information of e.g. the slot structure. In addition, lots of other information is under discussion to be contained in this common channel, e.g. duration of control resource set, data starting position, and end of the control resource set etc. However, the additional information will dramatically increase the occupied time-frequency resources for the ‘group common PDCCH’ considering the same level transmission reliability, and in turn, reduces spectrum efficiency of the system. 
For the case of dynamic TDD operation, in the RAN1 meeting #86, it was agreed that NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner. It means that the ‘group common PDCCH’ will be transmitted for every slot as UE expexted. Moreover, since the term ‘group common PDCCH’ refers to a channel that carries information intended for the group of UEs, the reliability and coverage of this signaling should be guaranteed; thus higher aggregation level will be preferred. In addition, when beam based transmission is further considered, multiple ‘group common PDCCH’ are transmitted in the associated control resource sets for different beams. At last the resources for ‘group common PDCCH’ will be proportional to the aggregation level, the number of beams at each slot. If the size of ‘group common PDCCH’ increases, lots of resource overhead will be introduced. 
Moreover, for semi-static TDD operation, the structure of slots does not dynamically change and can be configured by higher layer signaling. From the slot structure point of view, there is no reason to transmit a ‘group common PDCCH’ at all. Therefore, the additional information will also not be transmitted in semi-static TDD operation, and those corresponding features of NR will be disabled for semi-static TDD operation. 
[bookmark: OLE_LINK178][bookmark: OLE_LINK179][bookmark: OLE_LINK180]Proposal 1: The information of ‘group common PDCCH’ (which carries information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’ respectively) should be kept as small as possible.
When additional information is carried by ‘group common PDCCH’, there are several benefits are mentioned e.g. skip some blind decodings, reuse control resources for data, dynamic duration of a control resource set. However, those benefits are still doubtful, since they are based on some unsettled assumptions. 
· 	Skip blind decodings:  It is unclear that this benefit can only be achieved by ‘group common 	PDCCH’. When the number of blind decodings can be semi-statically configured and the number of candidates of search space is smaller than the maximum of candidates of search space, UE can also skip 	some blind decodings. 
· Reuse control resources for data:  The solution for dynamic sharing of control resources is still 	under discussion, the detailed analysis can be referred to our companion contribution [2], finally the UE-specific DCI for indicating the starting position of downlink data in a slot is proposed.
· Dynamic duration of control resource set: From the perspective of gNB, the duration of control channel does not necessarily change too frequently. As agreed in In RAN1#87, NR should support dynamic reuse of at least part of resources in the control resource sets for data regardless of dynamic or semi-static configuration of control resource set.
As a summary, there is no motivation to introduce additional information into ‘group common PDCCH’, regarding to constrained overhead and doubtful benefits. 
[bookmark: OLE_LINK170][bookmark: OLE_LINK181][bookmark: OLE_LINK182]Observation: There is no strong motivations to introduce additional information into ‘group common PDCCH’, like in a PCFICH-like channel.
Concrete design of ‘group common PDCCH’
In LTE, PCFICH is such a kind of PCFICH-like control channel, which is transmitted in the first OFDM symbol of a subframe and is transmitted only in subframes that contain symbols allocated to PDCCH.  To be specific, a 32-bit coded CFI block undergoes a bit-wise exclusive-or operation with a cell-specific scrambling sequence. The scrambled bits are then QPSK modulated to create a block of complex-valued modulation symbols. The complex valued symbols for each antenna are divided into quadruplets for mapping to pre-configured resource elements associated with the system bandwidth. Each quadruplet is mapped to a REG within the first OFDM symbol. There are 16 complex-valued symbols to be mapped therefore 4 quadruplets are created. To this date, if UEs know the system bandwidth, they will always know the position where PCFICH is mapped, which reduces the detecting complexity.
For the design of  ‘group common PDCCH’ in NR, several of designs of PCFICH in LTE can be reused while others are no longer applicable and some new ones should be introduced due to the requirement from NR. 
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Generally, at least 4 slot types need to be indicated in NR including downlink-only, uplink-only, downlink-dominant and uplink-dominant. Therefore, 2 bits can be used to indicate the slot type for each slot. From the perspectives of UE detecting complexity reduction and transmission robustness with material overhead reduction to improve the system spectral efficiency, similar scheme can be adopted as designed for PCFICH in LTE. For example, the slot type information is also encoded into 32 bits, modulated to 16 complex-valued symbols using QPSK modulation, divided into 4 quadruplets for resource mapping, and transmitted via the transmit antennas used by the control resource set transmission.
Nevertheless, different UE capabilities should be taken into account in the resource mapping scheme for such ‘group common PDCCH’. This requires that the ‘group common PDCCH’ is no longer mapped across the whole downlink system bandwidth. If 5 MHz or 20 MHz is assumed as the maximum bandwidth for initial access, the ‘group common PDCCH’ is preferred not to span over a bandwidth larger than 5 MHz or 20 MHz. Note that in our companion contribution [3] one control resource set with bandwidth of no larger than 5 MHz or 20 MHz is suggested to be defined for initial access, e.g., scheduling of SIBx, RAR, paging, etc. Such ‘group common PDCCH’ can further be considered to be located in the first symbol of such control resource set. Therefore, if a UE is configured to monitor the control resource set, it can assume that there also exists a PCFICH-like control channel, which will results in no additional configuration signaling overhead.
[bookmark: OLE_LINK87][bookmark: OLE_LINK88]Proposal 2: The design of ‘group common PDCCH’ can be referred to PCFICH control in LTE and should be mapped to preconfigured resources with bandwidth of no larger than 5 MHz or 20 MHz.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, the ‘group common PDCCH’ is discussed. The following observation and proposals are given: 
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]Observation: There is no strong motivations to introduce additional information into ‘group common PDCCH’, like in a PCFICH-like channel.
Proposal 1: The information of ‘group common PDCCH’ (which carries information from which the UE can derive at least which symbols in a slot that are ‘DL’, ‘UL’ (for Rel-15), and ‘other’ respectively) should be kept as small as possible.
Proposal 2: The design of ‘group common PDCCH’ can be referred to PCFICH control in LTE and should be mapped to preconfigured resources with bandwidth of no larger than 5 MHz or 20 MHz.
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