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1. Introduction
[bookmark: _Ref129681832]In RAN1 #87, there were some discussions on whether there is a PCFICH-like control channel the UE must receive for each slot/subframe prior to processing the other L1 control channels, e.g., PDCCH [1]. The main concerns of such control channel are summarized as follows.
· The purpose of such PCFICH-like control channel
· The potential implemental complexity in beamformed systems
In this contribution, we give our views on the motivation and design of such PCFICH-like control channel.
2. Discussions
2.1. Motivation of PCFICH-like control channel
[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK28]It has been agreed during last meeting to support dynamically assigned downlink and uplink transmission directions at least for data on a per-slot basis at least in a TDM manner [2]. To this date, there is a need to introduce a PCFICH-like control channel to indicate slot type of each slot. The motivation mainly comes from the following two aspects [3].
One is for supporting uplink grant free transmission, where a UE needs to transmit its uplink data within pre-configured resources that comprise of time, frequency, codebooks and reference signals, and the data transmission is performed without the request/grant procedure. This requires the UE has the prior knowledge of the slot type; otherwise, the UE may transmit its uplink data within a downlink slot, which will cause severe interference to other UEs’ downlink reception. 
The other one is that it helps to reduce the UE power consumption. The reasons are as follows. In NR, it is expected to support diver traffic categories which have different requirements on data rate and latency. During last meeting, there were discussions on the minimum granularity of the DCI monitoring occasion for mini-slot, e.g., every symbol or every second symbol. The increased number of blind detections of mini-slot downlink control channels within one slot will lead to potentially increased UE power consumption and thus significant cost for mobile manufacturers. However, with the prior knowledge of the slot type, a UE can be aware of the locations and types of downlink slots, e.g., the slot indices and the number of downlink OFDM symbols in each slot. The UE can thus start downlink control channel monitoring every symbol or every second symbol in each downlink region, and skip the monitoring in the uplink regions. Since the decoding complexity of a pre-defined PCFICH-like control channel may be much lower compared to downlink control channel blind decoding, processing time may be shorter and power saving can be achieved.
[bookmark: OLE_LINK82]Proposal 1: NR supports a PCFICH-like control channel at least indicating the slot type for each slot.
There were also some discussions during last meeting on whether such a PCFICH-like control channel should play a similar role as PCFICH in LTE, i.e., be used to dynamically indicate the number of symbols for downlink control channel. 
On one hand, there was an agreement on the dynamic control resource reuse for data transmission in RAN1 #87 meeting. In frequency domain, a control resource set contains PRBs which are more than the resource required by the control channel transmission. In time domain, the number of OFDM symbols for control channel can be 1 or 2. When the control channel capacity is low, to increase the resource utilization efficiency, a part of time-frequency resources in control region can be dynamically reused for data transmission. Based on the progress, some further designs can be made, which is detailed discussed in our companion contribution [4]. One possible approach is to indicate the position of the reused resource in control region along with the position of the scheduled resource in the data region through the resource allocation information in DCI to the scheduled UE. To this date, resource flexibility can also be achieved without dynamical change of the number of OFDM symbols used for downlink control channel. 
On the other hand, the number of OFDM symbols in the control resource set configured for each UE may be different, e.g., the number of OFDM symbols in each control resource set is UE-specific. To indicate the number of OFDM symbols using a PCFICH-like control channel may thus significantly increase the control signaling overhead and is not necessary. One example is to inform a UE the number of OFDM symbols in each control resource set semi-statically configured by RRC signaling. 
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Proposal 2: Further study whether the number of OFDM symbols in downlink control channel is signaled by using a PCFICH-like control channel.
2.2. Design of PCFICH-like control channel 
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 PCFICH-like control channel 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 PCFICH-like control channel. This requires that the PCFICH-like control channel 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 PCFICH-like control channel is preferred not to span over a bandwidth larger than 5 MHz or 20 MHz. Note that in our companion contribution [5] 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 PCFICH-like control channel 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 3: The PCFICH-like control channel should be mapped to preconfigured resources with bandwidth of no larger than 5 MHz or 20 MHz.

3. Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Our proposals in this contribution are summarized as follows.
Proposal 1: NR supports a PCFICH-like control channel at least indicating the slot type for each slot.
Proposal 2: Further study whether the number of OFDM symbols in downlink control channel is signaled by using a PCFICH-like control channel.
Proposal 3: The PCFICH-like control channel should be mapped to preconfigured resources within a certain control resource set with bandwidth of no larger than 5 MHz or 20 MHz.
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