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Introduction
During RAN1#87, the following agreements have been made related to single/multi-stage DCI:
Agreements:
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
There is no agreement yet regarding the number of control symbols and multi-stage DCI for NR. This contribution continues discussion on the number of control symbols for a given slot (TTI) and 2-stage DCI.

Number of Control Symbols
One of big open issues in NR control channel design is the number of control symbols. The related questions could be:
· How many control symbols are needed?
· Will the number of control symbols be the same or different for different numerology and system bandwidth?
· If different, can the number of symbols be dynamic, semi-static or fixed?

The control channel capacity assuming 30 kHz subcarrier spacing was shown in [1] relative to LTE 10 MHz with 2 control symbols with 2 port CRS. Necessary number of control symbols would be dependent on the system BW, numerology, slot length and gNB scheduler implementation. For example, the deployment with higher system BW may need less number of control symbols. Also the system with shorter slot can multiplex UEs in different slots. Given that multiple variations in NR system is expected in terms of system BW and numerology, it may not be easy to set a fixed number of control symbols across different deployment scenarios. On the other hand, we do not foresee the need to allow dynamic configuration of control symbols as in LTE (via PCFICH). It is expected that the number of control symbols can be quite static per deployment, and some techniques such as off-loading the control to the PDSCH region can be used to relax the control capacity requirement. In addition, considering very tight processing timeline in NR, it is not desirable to have dynamically configurable number of control symbols every slot which requires a serial processing in control region similar to LTE. Thus, the following proposals are made.
Proposal 1: Do not consider dynamically configurable number of control symbols.
Proposal 2: Allow up to 2 symbols in DL control region. The number of control symbol can be semi-statically configurable or specified per system BW and numerology.

2-Stage DCI PDCCH
This contribution assumes the slot structure shown in [2], i.e., control region in the beginning of the slot followed by the data region for UE to receive or transmit data. It is proposed that the RS for PDCCH is transmitted on the 1st symbol in DL control region to expedite the processing of channel estimation before processing PDCCH.
Potentially certain DCI (PDSCH scheduling/PUSCH grant) can be split into two stages, i.e., carried on different PDCCH symbols especially to help eNB timeline for single HARQ interlace transmission. Each stage can be decoded separately but the entire DCI information will be retrieved together to pass pruning for DCI. Two stages can contain different information for PDSCH scheduling/PUSCH grant such as:
· 1st stage: Processing-time-critical information: PDSCH/PUSCH allocation, rank information, and  modulation order
· 2nd stage: Data-processing-dependent information: NDI/RV/MCS
2-stage DCI transmission can have the following options.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted on the 2nd symbol in DL control region.
· The location of the second stage control depends on what kind of control resource set is being used. 
· For UE-specific control resource set, if the DMRS is front-loaded, it may make sense the second stage control is located in the same PRB in the first stage control, to share the DMRS. 
· For common control resource set, there can be more flexibility for the locations of the second stage control, and some search space based approach can be used.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted in the data region for DL centric slot.
· The RA in the first stage control will indicate where PDSCH is located, and some default rules will be needed to identify the REs that carry the second stage control.
DCIs other than PDSCH scheduling/PUSCH grant are single stage and could be associated with either the 1st or 2nd symbol in DL control region. 
· 1st symbol PDCCH carries time-critical control:
· e.g. DL assignment for self-contained DL centric slot (2 or more interlaces)
· 2nd symbol PDCCH carries non-time critical control:
· E.g. DCI for UL burst in DL centric slot  still has much of the time budget for processing
· DCI for subsequent slots  E.g. prescheduling info, control applying to next slot
Note that 2-stage PDCCH assumes independent coding every symbol. Therefore, 2-stage PDCCH comes at the expense of less efficient coding overhead. Thus, the trade-off between performance loss and PDCCH scheduling flexibility needs to be taken into account.
We consider 2-stage DCI as an improvement option to single stage DCI, and in some scenarios, necessary. The main benefits are in the areas of gNB/UE side processing timeline improvement and control payload offloading. However, in some use cases, when we do not have the above mentioned limitations, single-stage DCI may have other benefits such as efficient coding and resource utilization especially considering that there are more available resources for control in the 2nd symbol. One example is when there are multiple HARQ processes and the gNB does not have a tight turn-around time requirement to generate the DCI. In this case, the single-stage DCI can be adopted.
One use case to support quick gNB DL scheduling turn-around with 2-stage DCI is following: In slot 0, gNB receives PUCCH from UE contains A/N for a previous PDSCH. In slot 1, gNB wants to schedule the UE again. In this example, if we use single step control channel, gNB needs to make the decision on DCI contents before the control channel is transmitted, which will be very hard. If we have two-step control channel, the gNB can use the first step in the first control OFDM symbol to indicate the necessary demodulation related information to the UE, such as RA, rank, modulation order, etc, without deciding on the content of the transmission. In the second step of the control channel, which will be decided later, the gNB finishes decoding of the A/N in PUCCH and decides the transmission is a retransmission or a new transmission. The second step control channel will carry HARQ related information of the grant.
Another use case to support control information transmission offloading is following: The control resources are shared by multiple UEs. The two-step control channel can help to save control resources. For example, for DL grant transmission, the gNB can use a first stage control channel to indicate to the UE the demodulation related parameters, such as RA, rank and modulation. The second stage of the control information can be delayed to the PDSCH region within the RA to allow more efficient delivery. This helps to reduce control overhead. Note this does not apply to UL grant, as there is no PDSCH region. But if we apply this two-step control for PDSCH grant, we can save the control resource for UL grant transmission.
Another use case for 2-stage DCI is for DCL length management. In the current LTE system, UE needs to monitor different DCI length for each decoding candidate, which translate to more blind decoding. One approach to reduce the number of blind decodings is to split the longer DCI to multiple shorter DCI components, with all component DCIs have the same length.
Although there are use cases and benefits with a 2-stage DCI, it should be noted that those are at the expense of UE complexity increase due to tighter timeline for UE side processing because of serial processing. Also there would be additional coding overhead. Therefore, it is our view that 2-stage DCI should be introduced if companies foresees this as an enabler for self-contained slot with a single HARQ interlace.
Proposal 3: RS for PDCCH is transmitted on at least the 1st symbol in DL control region in each slot.
Proposal 4: Consider 2-stage DCI if this is considered to be an enabler for self-contained slot with a single HARQ interlace.
Proposal 5: Consider the following 2-stage DCI.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted on the 2nd symbol in DL control region.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted in the data region for DL centric slot.

Conclusions
This contribution has discussed the number of control symbols for a given slot (TTI) and 2-stage DCI. The following proposals have been made:
Proposal 1: Do not consider dynamically configurable number of control symbols.
Proposal 2: Allow up to 2 symbols in DL control region. The number of control symbol can be semi-statically configurable or specified per system BW and numerology.
Proposal 3: RS for PDCCH is transmitted on at least the 1st symbol in DL control region in each slot.
Proposal 4: Consider 2-stage DCI if this is considered to be an enabler for self-contained slot with a single HARQ interlace.
Proposal 5: Consider the following 2-stage DCI.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted on the 2nd symbol in DL control region.
· 1st stage is transmitted on the 1st symbol in DL control region and 2nd stage is transmitted in the data region for DL centric slot.
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