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Introduction
In RAN1 #86 Meeting [1], CP-OFDM based waveform was agreed for downlink (DL) and uplink (UL) for up to 40 GHz for eMBB and URLLC. Furthermore, in RAN1 #86bis Meeting [2], we made additional agreement on waveform for NR UL:
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz

The implication of this agreement on control channel and RS design was extensively discussed and as the result of this discussion, as part of the agreement on waveform for NR UL, we also have:
· RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based waveforms (without compromising CP-OFDM performance/complexity), e.g., control channels, RS, etc.
We believe these agreements create a unique opportunity to introduce a unified signal structure design not only for DL and UL control channels but for multiple waveforms in UL for NR. Adopting a common design approach for control channels across both DL and UL would also be highly desirable for sidelinks which would be the subject of study in Phase II.   
In this contribution, we provide our views on the control signal design principles for NR and propose a common framework for control signal design for both DL and UL.
Legacy control channels
In LTE, different waveforms were adopted for DL and UL which resulted in completely different design considerations for control channels in each link. In fact, the design principles employed in the LTE UL were mainly based on the single carrier characteristic of the waveform which imposed some unique challenges. For example, in order to exploit frequency diversity in UL while maintaining the low PAPR/CM single carrier property of the waveform, the Physical Uplink Control Channel (PUCCH) is transmitted on the edges of the system bandwidth on a pair of RBs that are time multiplexed. In another example, to avoid simultaneous transmission of the PUCCH and the PUSCH and to preserve the single-carrier property of the transmission, control signalling is multiplexed with data on the Physical Uplink Shared Channel (PUSCH). 
The legacy LTE also incorporates a very fragmented design approach for control channel, especially for UL where multiple PUCCH formats were defined for the transmission of different control signalling payloads (i.e., PUCCH Format 1/1a/1b for 1-2 bits, PUCCH Format 2/2a/2b for 20-22 bits, etc.). To make matters worse, different solutions were selected for control signalling for Normal Cyclic Prefix (NCP) and Extended Cyclic Prefix (ECP) lengths. For example, for PUCCH Format 2a with NCP, the ACK/NACK information is modulated on the reference signals while for PUCCH Format 2b with ECP, the ACK/NACK information is jointly coded with the Channel Quality Indicator (CQI) information. The LTE control channel design had to be revisited in Rel-10 for support of carrier aggregation which eventually resulted in defining PUCCH F3. 
In LTE, data-associated control signalling is not supported for UL. This approach was mainly driven by an gNB-centric mind-set which assumes that the gNB has all the knowledge regarding the uplink data transmission and therefore no signalling is required. In NR, this design requirement may change. 
Control channel design principles for NR
With the introduction of CP-OFDM for both DL and UL for up to 40 GHz for eMBB and URLLC, there is a unique opportunity in NR to unify the design across both DL and UL and strive to design a signal structure for control channels which enhances the commonality between UL and DL. The unified control channel design approach has a number of advantages:
· Enabling efficient DL and UL control channel multiplexing in self-contained subframes
· Simplifying UE-to-UE sidelink transceiver design which results in lower complexity
· Facilitating reciprocity based techniques which heavily rely on commonality between UL and DL
· Minimizing the standardization effort which is critical in view of the NR accelerated schedule 

Proposal 1: Control channel design in NR should strive for maximum commonality between DL and UL
In NR, a diverse set of applications may need to be supported in the foreseeable future. This implies that a flexible control signalling design supporting a scalable payload with different reliability and latency requirements is critical for forward compatibility. The flexible control channel design approach should avoid the design fragmentation found in legacy LTE. Otherwise, with the introduction of any new usage scenario in the future, the control channel design will have to be revisited or completely redesigned similar to PUCCH Format 3 in LTE which was introduced because of the introduction of carrier aggregation in Rel-10. Besides, defining multiple control channel formats may make user multiplexing extremely inefficient because for each control channel format, the system may need to allocate dedicated time-frequency resources similar to the PUCCH in the LTE specifications.
Proposal 2: Control channel design in NR should strive for supporting a flexible payload with different reliability and latency requirements
With the introduction of UE-centric and gNB assisted mode of operation in NR, data associated signalling may become essential for some of the operation modes. For example, to enable the UL reciprocity functionality as well as facilitating the MU-MIMO operation in UL, data-associated control signalling will be essential in NR.
Proposal 3: Study impact and benefits of introducing data-associated control signalling for UL in NR
In RAN1#86bis [2], it was agreed to study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner. However, we believe it would be beneficial to extend this agreement and allow DL and UL control information within the same slot interval use different numerologies as well. For example, certain control channels in DL may use larger OFDM symbols (i.e., smaller subcarrier spacing) to take advantage of a larger CP length to make the transmission more robust to the interference due to excessive delay spread beyond the CP length. On the other hand, certain control channels in the UL may use smaller OFDM symbols (i.e., larger subcarrier spacing) to enable more efficient UE and BS turn-around which is beneficial for low latency applications.
Proposal 4: Study impact and benefits of allowing the transmission of DL and UL control information within the same slot interval using different numerologies 

Unified Physical HARQ Indicator Channel for NR
In this section, we present a unified control channel design for ACK/NACK transmissions based on the design ideas proposed in Section 3. For NR, the Physical HARQ Indicator Channel (PHICH) can be designed to carry the HARQ ACK/NACK either in response to the UL NR PUSCH transmissions or DL NR PDSCH transmission. In the former case, the ACK/NACK is transmitted in DL to support the UL HARQ operation and in the latter case the ACK/NACK is transmitted in UL to support the DL HARQ operation. Similar to LTE, a successful transmission is defined as a positive ACK and may be encoded as a binary ‘1’ and a non-successful transmission is defined as a negative ACK (NACK) and may be encoded as a binary ‘0’. Example of NR-PHICH mapping in a 14-symbol self-contained subframe with the same and different numerologies are shown in Figure 1. Note that one OFDM symbol duration of gap has been budgeted between the DL and UL (or UL and DL) to provide enough time for the required processing time at UE (or gNB).


a) Same Numerology


b) Different Numerology
Figure 1. NR-PHICH mapping in a self-contained subframe for same and different numerologies
In Figure 1, the NR-PHICH transmitted in the first symbol of the DL carries the ACK/NACK response corresponding to a transmission on the NR PUSCH from a previous subframe while the NR-PHICH transmitted on the last OFDM symbol in UL carries the ACK/NACK response corresponding to a transmission on the NR- PDSCH in the current subframe. Similar to PUCCH Format 1 in LTE, NR-PHICH can also be used by the UE to transmit the scheduling request (SR) in the UL. The unified control channel design approach for ACK/NACK transmissions can also be beneficial for sidelinks in V2V and V2X applications.
Proposal 5: A unified control channel design should be used for ACK/NACK transmissions in DL and UL 

As for the signal construction, a similar approach as PHICH in LTE can be generalized and extended to NR as shown in Figure 2. 


[bookmark: _Ref462818211]Figure 2. NR-PHICH signal construction
According to this channel structure, the control information bit (e.g. the ACK/NACK bit) is first repeated by a repetition factor of n, where n is configurable and is determined based on the required reliability of the control bit. For example for URLLC applications, where higher reliability is essential, a higher repetition factor can be configured. Obviously, the repetition factors for DL and UL can be different and configured separately based on the required Maximum Coupling Loss (MCL) on each link. This approach can be viewed as the generalization of PHICH in LTE where a fixed repetition factor of three was used. 
After repetition and modulation, the modulated symbols will be spread using an orthogonal code of size m. The spreading function will enable control signals (e.g. ACK/NACK) for multiple UEs to be code multiplexed for improving the resource utilization. The variable m determines the maximum capacity of the NR-PHICH in the system and can be configured based on the usage scenario. For example, for mMTC applications where a large number of users are expected, the spreading code length can be increased to enable multiplexing of large number of users on the same time-frequency resources. Besides, the spreading sequences could be real or complex. In case of BPSK modulated control bits (e.g. ACK/NACK bits), similar to LTE a complex spreading sequence can be used. In this case, the number of users that can be multiplexed on the same time-frequency resources can be doubled since the users can be multiplexed on both in-phase and quadrature components. In fact for mMTC applications, the number of transport blocks for both DL and UL can be limited to one which would imply BPSK modulation with complex spreading to maximize the user multiplexing capacity of NR-PHICH is feasible. This design approach can be viewed as the generalization of PHICH in LTE where a fixed spreading factor of four was used. 
Proposal 6: A flexible control channel design with configurable repetition and spreading factors should be studied for small payloads. 
Summary
In this contribution, we discussed our views on the control signal design principles for NR and made the following proposals:
Proposal 1: Control channel design in NR should strive for maximum commonality between DL and UL
Proposal 2: Control channel design in NR should strive for supporting a flexible payload with different reliability and latency requirements
Proposal 3: Study impact and benefits of introducing data-associated control signalling for UL in NR
Proposal 4: Study impact and benefits of allowing the transmission of DL and UL control information within the same slot interval using different numerologies 
Proposal 5: A unified control channel design should be used for ACK/NACK transmissions in DL and UL 
Proposal 6: A flexible control channel design with configurable repetition and spreading factors should be studied for small payloads. 
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