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1 Introduction

PDCCH transmissions for NR [1] are expected to differ from PDCCH transmissions for LTE in at least the following aspects: 

· DMRS-based demodulation for PDCCH in NR versus CRS-based demodulation for PDCCH in LTE 

· Variable TTI duration in NR versus fixed TTI duration in LTE 
· Potential absence of PCFICH transmission for NR
· Forward compatibility design requirements for NR
This contribution considers the impact of the above aspects for NR operation on the design of PDCCH transmissions.
2 PDCCH Transmission for NR
2.1 REG and CCE Structures
In LTE, a REG consists for 4 REs and a CCE consists of 9 REGs. The use of 9 REGs enables frequency diversity for a PDCCH transmission which in turn provides sufficient diversity in case of 1 transmitter antenna (no spatial diversity). In NR, as the number of transmitter antennas is typically expected to be larger than 1, the REG size does not need to be over-optimized for the case of 1 transmitter antenna. Moreover, although the exact DMRS design can be determined based on the BLER impact of the trade-off between improved channel estimation and reduced PDCCH code rate once the NR numerology is finalized, the DMRS frequency domain density is unlikely to be smaller than the CRS frequency domain density per antenna. For example, assuming that LTE PDCCH demodulation is based only on CRS in the first and possibly second (in case of 4 Tx antennas) symbols of the same TTI as the PDCCH reception (worst case scenario for PDCCH BLER), the DMRS frequency domain density per transmitter antenna for PDCCH demodulation in NR needs to be 1 RE every 6 REs. For highly frequency selective channels, larger DMRS frequency density may be preferable to offer similar attributes as the CRS density of 1 RE every 3 REs after time interpolation between two successive symbols with CRS transmission.   

For NR, a REG-based PDCCH transmission needs to also be supported to provide frequency diversity. A REG can include a fixed number of REs and the REs can be used either for PDCCH transmission or for DMRS transmission. This can enable the transmitter to choose the number of REs per REG for DMRS transmission and for PDCCH transmission according to channel and geometry characteristics while having same number of REGs per number of TTI symbols and same number of REGs per CCE. For example, a smaller DMRS overhead can be used when reception points experience frequency non-selective channels or relatively high SINRs.
Another consideration for the PDCCH transmissions in NR is to enable multiplexing with PDSCH transmissions in the same TTI symbol. PDCCH transmissions do not always occupy exactly an integer number of symbols and, on average, half symbol is typically unutilized. Multiplexing PDCCH and PDSCH transmissions can be more important for NR than for LTE due to the potential shorter TTI duration in NR. For example, when a TTI consists of 14 symbols and PDCCH transmissions occupy 1.5 symbols, losing 0.5 symbol for PDSCH transmissions results to a spectral efficiency loss of 0.5/12 = 4.2% in LTE and of 0.5/5 = 10% for NR with TTI duration of 7 symbols. In practice, considering DMRS for PDSCH demodulation and possibly of CSI-RS, the spectral efficiency loss is even larger for both an LTE-type TTI with 14 symbols and for a shorter TTI with 7 symbols (regardless of the TTI duration).  

Based on the above considerations, and also for simplifying NR specification and design, PDCCH and PDSCH can have the same frequency resource allocation unit of one RB and introduction of a REG is not needed in NR.

Proposal 1: A resource block is the frequency resource unit for both PDCCH and PDSCH transmissions.

A CCE can consist of an integer number of RBs that depends on the number of REs forming a CCE which in turn depends on the DCI format sizes in NR as they define the maximum code rates for the minimum aggregation level of 1 CCE. For example, for 36 REs per CCE as in LTE and considering presence of DMRS REs, a CCE can consist of 4-5 RBs. The interleaving of RBs forming a CCE in NR can be based on the interleaving of REGs forming a CCE in LTE. 

Proposal 2: A CCE includes a predetermined number of RBs. The RB interleaving is based on the REG interleaving in LTE.

2.2 Number of PDCCH Symbols per TTI
In LTE, the PCFICH indicates the number of PDCCH symbols per TTI for PDCCH-based PDSCH transmissions (it is also possible for the MIB to indicate PHICH duration of 3 symbols and then the PDCCH duration is assumed to be 3 symbols). Having a variable duration for PDCCH transmissions enables substantial gains in spectral efficiency for PDSCH transmissions. 

Although NR targets avoidance of ‘cell-specific’ signaling, this may not be generally possible due to MIB and possibly SIB transmissions. Several approaches that do not require PCFICH transmission can be considered to enable variable duration for PDCCH transmissions and hence variable duration for PDSCH transmissions per TTI and avoid spectral efficiency losses associated with semi-static configuration for the duration of PDCCH transmissions. For example, the CFI value can be included in a UE-group common DCI format that can also provide additional information about transmission characteristics in a TTI.
Proposal 3: The duration of PDCCH transmissions is determined per TTI.

2.3 Forward Compatibility for PDCCH Transmissions
In LTE, the PDCCH was designed to be transmitted over the whole system bandwidth. This later proved to create the forward compatibility issues of being unable to perform frequency domain ICIC for PDCCH (this was one of the motivations for introducing EPDCCH and TDM ICIC) and being unable to support transmissions to UEs that are not capable of receiving over the whole system bandwidth (this was one of the motivations for using the EPDCCH-based MPDCCH for MTC UEs). In NR, forward compatibility can also include use of different numerologies or of different TTI structures. Therefore, UEs need to be informed, for example by MIB or SIB or dynamically by a UE-group common DCI format, of the part(s) of the system bandwidth used for PDCCH transmissions.
In addition to signaling the frequency resources (RBs) used for PDCCH transmissions, signaling for the time resources (TTIs) is also needed. This can be due to several reasons such as forward compatibility and TDM-ICIC. Such signaling has already been enabled in LTE for MTC UEs where a MTC UE can be configured the TTIs for PDCCH monitoring. This signaling can be enhanced in NR to be dynamic, instead of semi-static, in order to address dynamic scheduling in different TTIs of different UEs, services, or numerologies, and to improve UE power consumption.

Proposal 4: A UE is signaled the RBs of a system bandwidth and the TTIs for monitoring PDCCH transmissions.

3 Conclusions

This contribution considered aspects for PDCCH transmissions in NR. In particular, the following are proposed. 
Proposal 1: A resource block is the frequency resource unit for both PDCCH and PDSCH transmissions.

Proposal 2: A CCE includes a predetermined number of RBs. The RB interleaving is based on the REG interleaving in LTE.

Proposal 3: The duration of PDCCH transmissions is determined per TTI.

Proposal 4: A UE is signaled the RBs of a system bandwidth and the TTIs for monitoring PDCCH transmissions.
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