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Introduction
This contribution shows our view on PCFICH like signalling. In [4], the similar channel is called as PSFICH (Physical Slot Format Indicator Channel) but our view is not only slot format indication. We see this channel as to reduce the control channel overhead by indicating common signals among group of UEs, which is necessary especially macro like deployment. Until the content is decided, we call such channel as PCFICH like signalling.
Discussion
In LTE release 8, the need of PCFICH indication was discussed. According to our evaluation, every subframe indication of PCFICH itself does not provide cell throughput and cell edge user throughput but to adjust control channel resource according to the traffic volume variation is important [1]. From traffic variation adaptation perspective, to adjust the control channel resource on the order of 80 to 120 ms can be sufficient but only to indicate such order means the UEs after DRX wake-up suffers increased latency. To indicate control channel resource shorter period has the benefit of the reduction of the latency for such UEs [2]. To indicate control channel resource has the benefit to reduce the number of blind decoding trials. Considering these trade-off, RAN1 agreed PCFICH indication in every subframe [3].
In NR, usage of PCFICH like signalling is discussed in [4][5]. Our view on PCFICH like signalling is following. 
Resource size indication of DL control/data
For PDSCH of symbol-by-symbol reception, control region and data region for the same allocation should not be multiplexed in the same OFDM symbol as there is no processing time for data in the symbol contains the control. For analogue beam forming with different beam width between data and control, control and data region needs not to be in the same symbol as beam direction may be different symbol-by-symbol. For the other cases, to multiplex control and data in the same OFDM symbol increase the radio resource usage efficiency. Therefore, we see the possibilities of two situations i.e. control and the scheduled data are FDMed and not FDMed in the same symbol. 
Regardless of control and the scheduled data are FDMed or not, PCFICH like signalling can indicate the time/frequency DL resources. The way of indication may be 1) which time/frequency resource is used as positive manner, 2) which time/frequency resource is not used as negative manner, or the combination of positive and negative indication. By indicating the time/frequency DL resource, the other group of UE's other usage can be reserved. In some situation, frequency resource sharing can be sufficient by only semi-static. In such case, the resource size indication of DL control and DL data for this group of UEs is only TDM. PCFICH like signalling should have the flexibility that only time is indicated or both time and frequency are indicated.
In addition, to receive PCFICH signalling reliably can be very costly when coverage expansion case regardless of power limited or interference limited. Pure analogue beam forming for mm-wave case can be pure TDM like operation. This may be called as above 6GHz case. In these situations, PCFICH like signalling for DL control and DL data are not required. Therefore, the system operation without PCFICH like signalling should be also supported. The PCFICH signalling is more useful for macro below 6GHz where several UEs are FDM scheduled.
We proposed subcell concept [6]. The PCFICH is transmitted for UEs in the group (subcell). The group of UEs can be 
- the group of UEs connecting to the TRX 
- the group of UEs connecting to the beam 
- the group of UEs connecting to the  time/frequency resource with the numerologies
- the group of UEs with the similar coverage levels. 
Subcell can configure not to use PCFICH like signalling, PCFICH like signalling indicates both time/frequency of data and control resource or PCFICH like signalling indicates time of data and control resource.

Indication of DL control resource size
To indicate the control resource size by PCFICH like signalling allows more variation of the control resource size without increasing the number of blind decoding. If gNB power amplifier and UE receiver can handle large dynamic range, power adaptation (boosting/de-boosting) can have similar function of the aggregation of CCEs (= adaptation of the coding rate) but usually gNB has the limitation of PSD range. Then some flexibility of the aggregation of control resource is required. PCFICH like signalling has the function to indicate time/frequency resource for control for one group of UEs.
Within the PCFICH indicated control resource size, group common search space and UE specific search space are available. UE decodes PDCCHs based on the search spaces. 
The indicated control region size in the frequency domain is PRB or multiple of PRB granularity. The control regions are started from the start of the slot. When control and data are FDMed in the same symbol, PCFICH like signalling can indicate PRBs of control signal. UE knows these PRBs for control signal are not allocated for PDSCH. It is useful for RBG type allocation when some PRB in a RBG is occupied by control signal. For time region, PCFICH like signalling can indicate the start symbol of PDSCH in the PRB with control signal like a legacy PCFICH.
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Indication of DL data resource size
Within the PCFICH indicated data resource size, there can be multiple PDSCHs. 
By knowing DL data region size, especially time domain, UE knows RS resource usage.
By knowing DL data region size, UE carries rate match (or puncture) based on allocated PDSCH.

Resource size indication of UL control/data
Our current view is UL resource for control and data are not necessary to be indicated by PCFICH. It is indicated by individual UL assignment. For periodic SRS and SR region, it is configured semi-statically by RRC. For aperiodic SRS, it is indicated by PDCCH.

PCFICH like signalling channel structure
The channel design is more similar to LTE's PDCCH than LTE's PCFICH. In order to use certain bits of DCI formant, DCI format 3/3A like design could be used. By such design, more flexibility on the signalling contents can be supported. Using such PCFICH design, the same channel may contain TPC bits or Ack/Nack bits for UL. The payload size of PCFICH like signalling is FFS. It should be considered with the required coverage and contents of PCFICH like signalling. Having CRC can improve the performance especially related to DRX detection. gNB can send PCFICH like signalling only in case PDSCH of UEs in a group linked to the PCFICH are allocated. When UE detects no PCFICH like signalling, UE think there is no DCI for both DL assignment and UL assignment in a slot.

Two stage DCI and PCFICH like signalling
When PCFICH like signalling is used, the first stage is PCFICH like signalling. Then as the second stage, UE specific PDCCH is received. If necessary, some bits can be further sent in the third stage. We think to conclude PCFICH like signalling aspect is more prioritized than splitting UE specific PDCCH to two stages.

Mini-slot and PCFICH like signalling
The use cases of mini-slot are mm-wave, multiplexing between eMBB/URLLC and unlicensed band. For mm-wave with pure TDM like operation (above 6GHz case), PCFICH like signalling for DL control and DL data are not required from above discussion. However the detailed boundary and condition of necessity of PCFICH are FFS. For multiplexing between eMBB and URLLC, PCFICH like signalling can indicates insertion of URLLC mini-slot. For unlicensed band, resource size indication of DL control/data may be indicated within mini-slot.

Based on the above discussion, we propose following.
Proposal 1: 	A group of UEs (i.e. subcell) can be semi-statically configurable to be one of the following.
- not to use PCFICH like signalling.
- PCFICH like signalling indicates both time/frequency of data and control resource.
- PCFICH like signalling indicates time of data and control resource.
Proposal 2: 	PCFICH like signalling is not used for coverage extension case and above 6GHz analogue beam forming case.
Proposal 3: 	PCFICH like signalling is not required to indicate UL control and UL data resources.
Proposal 4: 	PCFICH like signalling is based on ordinary PDCCH design with CRC.
Proposal 5: 	PCFICH like signalling should be discussed priority than unicast 2 stage discussion.
Proposal 6: 	PCFICH like signalling could be used for some mini-slot use cases.
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